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grogram anc the human teaicai surveillance “program which were on’rg
concemitantly during the research periods of this study., This has led to a
iarge bedy of literature which has changed the medical approach to the
screening, identification and verification of occupationally-related chemical
injury. e

Although the contractual funding of this grant was only three years, each
year was funded separataly with varying time intervals between the funding
from year to year so that almost six years have evolved between the initiation
of these studies and this final report. This report, therefore, summarizes
the work accomplished during this six-year interval and the related work which
is still ongoing.

The investigators' reports vary in the degree of detail depending upon
wnether their work is in the process of being published or has already been
published. Work not yet published is described in greater detail; published
work is accompanied by a copy of the actual article(s) attached in the
Appendix.
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INTRODUCTION:  ---

In 1974 Dr, John L. Creech, Jr., a surgeon and the plant physician for
B.F. Goodrich's Chemical Plant on Bells Lane in Louisville, Kentucky, identi-
fied the increased occurrence of hepatic angiosarcoma in workers involved in
polyvinyl chloride manufacturing. This discovery led to the implementation of
an industrial cancer control, detection and prevention program at the Louis-
ville B.F. Goodrich Plant involving approximately 1,800 workers: 1,200 were
active employees and 600 were previously employed individuals, The University
of Louisville, in cooperation with the B.F. Goodrich Company, developed and
implemented the program and has continued to follow this cohort of workers
clinically and epidemiologically.

A proposal submitted to the Chemical Manufacturers Association, formerly
the Manufacturing Chemists Association, to foster scientific research in
better technical methods for the detection and prevention of chemical injury
and carcinogenesis in industrial workers was awarded in 1976. These investi-
-gations covered nine general areas of interest and involved both animal and
human studies. The studies included: (A) the use of the human immunological
system for the detection of injury from vinyl chloride and other chemicals,
(B) the assessment of hepatic biochemical enzymatic systems to detect and
characterize vinyl chloride and other chemical injury, (C) the use of tissue
and urinary glycosaminoglycan changes for early detection and diagnosis of
chemical injury including cancer development, (0) the histological evaluation
of liver tissue from chemical workers K and the assessment. of its collagen
content as an indicator of chronic latent injury, (E) synthesis and analysis
of vinyl chloride intermediate and end products to further understand its
biological metabolism and removal, (F) the identification and assessment of
cell assays to determine the carcinogenic potential of industrial chemicals,
(G) the evaluation of tissue antigenic systems for detecting chemically-
induced carcinogenesis, (H) exploratory studies for the use of isolated human
liver cells to determine individual ability to detoxify chemicals, and (I) the
further assessment of vinyl chloride metabolism by the use of whole body
autoradiographic¢ technique.

Each of these areas of study were directed toward four major objectives:
(1) to better characterize and understand the pathogenesis of chemically-
induced injury, especially vinyl chloride injury, (2) to characterize the
mechanisms of chemical injury and the body's biological defense to this injury
using animal studies, (3) to evaluate and assess old and new biochemical
parameters for the detection and verification of chemical injury in humans,
and (4) to develop new techniques that could be applied to the problem of
identifying occupationally-related chemical injury for purposes of preven-
tion.

Many of the original objectives of the individual studies have been
changed or modified because of developments and discoveries in both the animal

CMA 003000
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evidence suggested that the tumor antigens found were distinctive for 2ach
histological type of tumor. Studies were undertaken to determine whether
angiosarcoma tumor antigens would provida specific immune reactions that could
be utilized as a specific test for vinyl chloride-induced tumor development.
Lymphocytes from normal and liver diseased individuals were isolated and then
grown in the presence of a liver reagent prepared from either rormal indi-
viduals or individuals who had angiosarcoma. Rgactivity of lymphocytes was
assessed by determining the incorporation of JH-thymidine into stimulated
cultures as compared to unstimulated cultures. A comparison study was per-
formed between vinyl chloride plant workers and nonchemical plant workers
utilizing reactions of lymphocytes to normal and angiosarcoma liver reagents.
The lymphocytic response was also studied in vinyl chloride-exposed and non-
vinyl chloride-exposed workers with and without evidence of liver disease.
Initially, specifi¢c reactivity was seen only among vinyl chloride workers.
Althou?h these inital results were provocative, subsequent studies with large
contral populations demonstrated similar reactivities., The lack of further
occurrences of angiosarcoma in the c¢ohort worker population prevented further
characterization of the tumor antigen and restudy of the earlier findings.

Ad. Study of Histocompatibility Leukocyte Antigen (HLA) Frequencies in
Chemically-txposed Workers :

This study involved the search for HLA tissue types which may identify
individuals susceptible to chemically-induced injury. In 1976 Mulvi
suggested genotyping as a means of screening potential employees for ant
subtypes which may predispose them to neoplastic development after occupa-
tional exposure, It was prompted by the suggested increased occurrence of

- HLA-B27 antigen in workers with occupational asbestosis. The HLA frequencies
in polyvinyl chloride manufacturing workers were compiled to determine if any
increased genotype occurrences were associated with angiosarcoma or other
chemically-related liver disease. Nine hundred individuals were eligible for
this study: 538 individuals were HLA tissue typed and 30 different HLA-A,
HLA-B, and HLA-C antigens were assessed. Preliminary comparisons were made
with the HLA frequencies in vinyl chloride workers- with and without liver
disease, and later in those with liver disease of chemical vs. nonchemical
origin. HLA frequencies were also analyzed in those individuals with and
without biochemical evidence of liver injury. HLA-815 was found to occur with
a greater frequency among chemical workers with Iliver disease than in
*control® and “normal® populations. The HLA-BIS5 occurrence was greater among
those with chemical 1liver injury, although it was not statistically
significant. Two other HLA markers occurred with unusual lower frequency.

AS. Identification of the Endothelial Cell as the Cell of Origin For Vinyl
Chloride Angiosarcoma of the Liver

There has been considerable disagreement as to the cell of origin for
liver angiosarcoma, a nonparenchymal cell malignancy of the liver. This is of




PROGRAM A

STUDIES OF HUMAN IMMUNOLOGICAL SYSTEMS IN THE ODETECTION OF VINYL CHLORIDE
AND OTHER- CHEMICAL INJURY; Investigators - H. P. Fortwengler, Jr., and
C. H. Tamburro

Evaluation of Immunocompetence of Humans Chronically Exposed to Vinyl
Chioride

The scientific literature is replete with the demonstrations of
immunodepression as a manifestation of medical disease, especially cancer,
Lymphocytes (T cells) can be cytotoxic to human tumor cells and are often
found decreased or poorly functioning in cancer patients resulting in various
degrees of immunodepression. The immunocompetence of a cohort of chemical
workers was studied to determine if there was any evidence that (a) varying
degrees of prolonged exposure to vinyl monomers was associated with immu-
nological suppression, (b) the immune response was impaired- in workers with
exposure-related liver injury including angiosarcoma, and (c) exposure caused
changes in immunological function which were identifiable in the pre-cancerous
stages. The immunocompetence of 75 employees with demonstrated liver disease
and 225 individuals without clinical or laboratory evidence of disease was
studied. No significant clinical or laboratory evidence of impaired immuno-
competence was found in the immunological parameters studied, nor were
differences seen among the various subpopulations of workers.

A2. Assessment of the Leukocyte Adherence Inhibition Test for the Detection
of Angiosarcoma of the Liver

Halliday et al. (1974) and Thompson (1976) had reported the development
of a leukocyte adherence inhibition test which had identified the clinical
stages in colon cancer. Similar findings were reported in individuals with
hepatic cancer. This study was undertaken to determine the feasibility of
applying this newly developed techmique to..screen. viny] chloride-exposed
workers for angiosarcoma of the liver. It was assessed in a number of
chemical and nonchemical workers who had cancer. This test system lacked
sufficient reproducibility to be considered for ¢linical use.

A3. Assessment of Vinyl Chloride-Induced Angiosarcoma Antigen for the
Detection of Latent Angiosarcoma in Exposed Workers

New antigens arise from tumors formed as a response to carcinogens.
Their presence in methylcholanthrene-inducea sarcomas was discovered by Fpley
in 1953. This discovery in mice was verified and extended by Prehn and Main
(1957) to conclude that there were antigens particular to and specific for
tumor tissue. Subsequent evidence of tumor antigen was found in humans by the
Hellstroms, Vankey, Halliday, Maluish, Thompson, and others. The majority of




swugies were conductaa in sequential experiments exposing Sorague-Dawlev ra<s
to 10,000 ppm vinyl chloride for a period of up to 300 exposure hours., Trese
studies demonstrata various adaptive changes in liver parenchymal c2lls that
were not identifiable by conventional clinical laboratory test (CCLT). These
data illustrate the limited usefulness of CCLT in identifying early liver cell
changes even during high levels of exposure,

B82. Morphological Alterations in Livers of Rats Exposed to Vinyl Chloride

Sequential morphological assessments were performed in the rats from both
chronic exposure experiments utilizing light and electron microscopy. Light
microscopic findings included an increase in liver cell polyploidy, double
nucleated cells, and areas of focal hepatocellular hyperplasia without
evidence of cellular injury or increased fibrosis. Electron microscopic
changes included proliferation of smooth endoplasmic reticulum without
evidence of other subcellular organelles, or increased collagen deposit in the
Space of Disse.

83, Alterations of Oxidizing and Detoxifying Systems of Rat Liver After
Prolonged Exposure to Vinyl Chloride .

A second long-term study, based partly on the results from the Bl study,
was conducted to determine the adaptive capability of the detoxifying sys
of liver cells. Glutathione reductase activity, glutathione content, gl
thione epoxide-S-transferase (GEST; Glutathione transferase £E), and
glutathione aralkyl-S-transferase (GAST; glutathione transferases ALB) were
measured in rats exposed to vinyl chloride and to chioroethanol, a vinyl
chloride metabolite. A third set of studies was conducted to compare these
detoxifying enzymes in rats exposed to vinyl chloride and excessive alcohol
consumption. These studies illustrated the adaptability of liver cells to
prolonged exposure to xenobiotics., Liver cells showed increases in reduced
glutathione and glutathione reductase activity and subsequent increases in
GEST and GAST, reflecting a progressive increase in the liver cells' capacity
for detoxification of vinyl chloride's toxic intermediates. Concomitant
alconol consumption appears to interfere with this detoxifying capability and
appears to place the hepatocyte at greater risk of malignant transformation.

84, Oxidative and Detoxifying Ability of the Liver Mesenchymal vs.
Parenchymal Cells in the Metabolism of Xenobiotics ;

Another aspect of the prolonged vinyl chloride exposure studies was to
determine the oxidative and detoxifying capability of various liver ceils, In
collaboration with Or, Feldhoff,. the oxidative and detoxifying ability of the
liver mesenchymal versus parenchymal cells was studied by determining P450,
glutathione reductase, GEST, and GAST in liver hepatocytes and endothelial
cells.




great importance since the identification of the type of cell responsible for
malignant transformation could provide the basis for a better understanding of
chemically-induced carcinogenesis. This was particularly relevant to vinyl
chloride-induced liver cancer since vinyl chloride is predominantly metabo-
1ized and detoxified by hepatocytes and produces a malignancy of the liver
that is nonparenchymal in origin, Considerable controversy arose as to
whether the cell of origin was a macrophage (Kupffer cell), a fibroblast, or
an endothelial vascular lining cell. The recent identification of Factor VIII
production by endothelial 1lining cells led us to determine whether liver
angiosarcoma tumor contained increased amounts of coagulation Factor VIII.
Factor VIII is a large protein, often called antihemophilic factor, found
differentially in endothelial cells, platelets, and megakaryocytes. The
studies described herein demonstrated Factor VIII presence in endothelial
lining cells of arterial and venous vessels in normal liver, as well as in the
cells of angiosarcoma. Histological verfication of the cell type was deter-
mined by light microscopy of the same tissue sections of the tumor. This
verified the endothelial cell as the cell of origin in angiosarcoma.

PROGRAM 8

STUDY OF HEPATIC BIOCHEMICAL AND ENZYMATIC SYSTEMS FOR THE IDENTIFICA'I:ION
OF VINYL CHLORIDE CHEMICAL INJURY AND CANCER DEVELOPMENT: ANIMAL AND
HUMAN STUDTES; Investigators - J. T, Du, M. T. Tseng, and C. H. Tamburro

81. Characterization of Hepatic Enzyme Changes in Rats With Prolonged Vinyl
Chloride Exposure: Decreased Glucose-6-Phosphatase Activity

Considerable concern was initially raised concerning the best technigue
for screening individuals with chemical exposure. At present, federal testing
requirements recommend enzyme studies related to liver parenchymal cells,
However, clinical évidence indicated that not only were the hepatocytes
injured but so were Kupffer and endothelial cells, and that the endothelial
cell or Kupffer cell was the malignant cell of origin. In addition, studies
to determine the sequential enzymatic changes whi occurred with prolonged
continuous vinyl chloride exposure similar to that seen with the worker
population were needed. Most studies at this time had been conducted with
short terwm exposures. The early animal studies included assessment of the
standard clinical, biochemical, and enzymatic studies and later explored the
enzymatic changes occurring in various subcellular organelles. These included
(a) markers for microsomal enzymes related to the metabolism of vinyl chlo-
ride, P-450, NADPH-cytochrome reductase, and mixed function oxidase, (b) cyto-
solic enzymes related to glutathione metabolism and glutathione content, (c)
mitochondrial marker cytochrome-C-oxidase, (d) cytosolic enzymes glu-
cose-6-phosphatase, glucose-6-phosphate dehydrogenase related to pentose
phosphate pathway, and (e) nucleic acid synthesis. In _addition, protein
synthesis was evaluated by in-vitro incorporation of 34-leucine. These
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PROGRAM C

STUDY OF GLYCOSAMINOGLYCAN CHANGES IN THE EARLY DETECTION OF HEPATIC
FIBROTIC INJGURY IN CHEMICAL EXPOSURE AND HEPATIC CANCER DEVELOPMENT;
Investigators -~ C. E. Kupchella ana R. Warick

ANIMAL STUDIES:

Cl. The Study of Glycosaminoglycan Changes in Livers of Animals Bearing
Metastasizing Hepatomas

C2. Significance of Tissue Glycosaminoglycan Elevations in Hepatic Necrosis
and Regeneration

Animal studies to determine the sequence of GAG changes in- experi-
mentally-induced fibrotic liver injury, and the relationship between GAG
patterns in tumor tissue and in urine were studied in animals with fast vs.
slow growing, metastasizing vs. nonmetastasizing, chemically-induced gad
transplantable liver cells tumors. ‘

The experimental animal studies identified heparan sulfate ( a type of
GAG) elevation in hepatic tissue undergoing fibrotic changes and that the
increased levels were reflected in the urine. Both heparan sulfate and
hyaluronic acid levels were 3-4 times higher in experimentally transplanted
liver tumors than in normal controls. Urinary excretion reflects both tumor
GAG composition and size. Livers from animals bearing metastasizing hepatomas
had a 10-fold great concentration of nonsulfated neutral uronic acid positive
material than animals bearing nonmetastasizing hepatomas. Finally, hepatic
necrosis was shown to be accompanied by significant tissue GAG elevation;
hepati¢ regeneration was not.

HUMAN STUDIES:
C3. Characterization of Glycosaminoglycan Patterns in Humans with Angiosarcoma

C4. Evaluation of Glycosaminogiycan Analysis of Urines of Chemically-Exposed
Workers
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The mesenchymal cells were shown to be capable of oxidizing xenobiotics
which require P-450 and mixed function oxidases, although this capability was
less than that of the parenchymal cells by a 70 to 1 ratio. GEST and GAST
activity were also present but in the ratio of 1 to 65, and 1 to 500, respec-
tively. These resuits demonstrate that the nonhepatocytic liver cells have
the capability to activate vinyl chloride and other similar xenobiotics, al-
though to a lesser degree than hepatocytes. However, their ability to de-
toxify vinyl chloride metabolites is significantly less and may contribute to
the reason for nonmesenchymal cell malignant transformation.

BS5. Effectiveness of Indocyanine Green (ICG) Clearances in the Detection of
Liver Injury

A chemically-exposed worker cohort of aimost 1,000 individuals were
medically screened to determine the effectiveness of ICG clearances versus
standard biochemical studies of the liver to identify latent hepatic injury.
Alanine aminotransferase (ALT/SGPT), aspartic aminotransferase (AST/SGOT),
gamma glutamy! transpeptidase (GGPT), .alkaline phosphatase (AP), and total
bilirubin (TB) were assessed in contrast to 3 different dose levels of ICG.
Positive predictive values as well as the specificity and sensitivity of each
of the screening tests were determined in “normal™ and “abnormal® worker
populations as well as in those with hepatic disease and nonhepatic disease.
Chemical and nonchemical liver injury were also determined in analysis of
their relationship of work histories to the biochemical abnormalities. These
studies demonstrated that ALT/SGPT was the screening test with the highest
sensitivity and specificity among federally-required studies. IC6 c¢learance,
even at the low dose, clearly remained the best overall screening test for the
detection of subclinical hepatic disease,

B6. Assessment of Bile Acids vs. Indocyanine Green (ICG) Clearances fn The
Detection of Liver Injury Due to Chemical Exposure in The Human Population

Fasting serum bile acid levels and ICG clearances were performed for 400
employees with varying degrees of chemical exposure' as -well as biochemical
injury related to vinyl chloride exposure. Bile acid levels, ICG clearances
and standard enzymatic biochemical tests were assessed regarding their ability
to identify normal individuals, individuals with liver disease of nonchemical
origin, and- individuals with liver disease with chemical origin, correctly.
These more sensitive studies were to identify early chemical injury; six other
enzyme studies were also conducted regarding more specific enzymes for hepa-
tocellular injury, such as sorbitol dehydrogenase. One thousand seven hundred
and sixty human seras taken from 900 exposed workers were assessed and the
results compared to the vinyl chloride exposure. -

Fasting serum bile acids demonstrated a high sensitivity separating

normal versus abnormal individuals with early or latent liver dysfunction,
particularly chemically-induced types of injury. Fasting serum bile acids
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periportal, and pericentral areas in 4 different anatomical locations of Q
numan liver of 4 different age groups. These studies demonstrated that the

collagen content of the liver varies with age, increasing after the fourth

decade. The collagen distribution shows an increased desposition in the

perisinusoidal and midzonal regions with age. The computerized morphometric

readout demonstrated that the collagen estimates vary from 2-6% of the total

liver globules. (This does not include capsular fibrosis or collagen support

tissue about major vessels.)

D4. Light Microscopic Assessment of Liver Tissue Obtained from Vinyl Chloride
Workers Characterizing Various Histological Lesions

Light microscopic assessment of liver tissue obtained from vinyl chloride
and nonvinyl chloride workers illustrated that focal hepatocellular hyper-
plasia and focal mixed hyperplasia, sinusoidal dilitation and focal areas of
increased reticulum characterized chemical injury could be identified in a
prospective blind study and that those individuals with these identified
lesions had the highest correlation with their vinyl chloride accumulative
exposure ranked months; this correlation was not seen with other chemicals
within their exposure environment.

PROGRAM E

STUDIES OF VINYL MONOMER CHEMICALS AND THEIR METABOLITES USING CHEMICAL
STRUCTURE AND SYNTHESIS IN THE DETERMINATION OF TOXICITY QF THESE AGENTS;
Investigator - J. L. Wong

E1. Synthesis, Purification, and Utilization of Vinyl Chloride Metabolites in
Mytagenicity and Carcinogenicity Studies

EZ.‘ Detoxification Studies of Vinyl Chloride and Its Metabolites
E3. Vinyl Chloride Metabolite Detection-~Chloroacetic Acid

In order to further elucidate the intermediate metabolism of vinyl
chloride, especially with regard to the carcinogenic potential of its inter-
mediate metabolites--chlorooxirane and chloroacetaldehyde--laboratory syn-
thesis of these two putative metabolites was performed. The materials were
utilized to further study the detoxification of these agents and their effect
on bacterial systems. Additional studies were conducted to determine the
ability to identify chloroacetic acid by mass spectrometry and gas chromatog-
raphy. |

These studies illustrated that although chlorooxirane and chloroacetalde-
hyde eventually give the same final product, the rate of reaction and the
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C5. Characterization of Glycosaminoglycan Patterns in the Identification of
Chemical and Nonchemical Injury of the Liver

The study of glycosaminoglycans, glycoproteins invoived in wound healing
and scar formation, as potential indicators of chemical injury, fibrosis, and
cancer development was conducted in a large cohort of exposed workers. Analy-
sis of GAG in tissue and urine was performed in individuals with angiosarcoma
and heptocellular tumors, in individuals with chemical and nonchemical liver
injury, and in individuals with chemical liver abnormalities and in normal
controls. The studies indicated that human hepatic angiosarcoma and fibrotic
liver disease are accompanied by elevated tissue GAGs, that the tumor tissue
is different from the adjacent fibrotic areas of the liver, and that patients
with angfosarcoma and primary hepatocellular carcinoma (hepatoma) have charac-
teristic urinary GAG patterns. These patterns are not found in “normal® indi-
viduals. Urinary GAG determinations give a better indication of liver disease
than ultrasound or radioisotopic scanning, and although they are not as sensi-
tive as transaminases or ICG clearances, fractionated GAG analysis appears to
differentiate between active and inactive liver disease.

PROGRAM 0

HISTOLOGIC AND MORPHOMETRIC ANALYSIS: A MEANS OF ASSESSING HEPATIC
INJURY IN CHEMICAL WORKERS; Investigators - G. H. Barrows, 6. R. Schrodt,
and C. H. Tamburro

Systematic Assessment of Histological Lesions Characteristic of Vinyl
Chloride or Vinyl Monomer Injury

Computer-Assisted Morphometric Analysis as a Means of ODetermining
Collagen Content .

Development and Assessment of Morphometric Method of Analysis of Collagen
Content from Liver Biopsies - Normal Occurrence with Age

Vinyl monomer injury has been associated with various hepatic histo-
logical abnormalities. These have included subcapsular, portal, and peri-
sinusoidal fibrosis, as well as hyperplasia of the hepatocytes and nonparen-
chymal (sinusoidal) cells. The ability to assess light microscopic determina-
tions of fibrosis (liver tissue collagen content) using computer-assisted
morphometric analysis quantitatively, was delineated. The methodologies
determined the normal presence of coilagen and the effect of age. Prospective
analysis to determine the ability of specific histological findings to cor-
rectly identify vinyl monomer exposure was also done.

Both manual and computer-assisted morphoﬁetric assessment of normal
collagen content identified the distribution between perisinusoidal,
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PROGRAM G~ .

THE STUDY OF LIVER TISSUE ANTIGENS AND ANTIBODIES IN THE DETECTION OF
VINYL CHLORIDE INJURY; Investigator - E. Espinosa

Gl. The Study of Tissue Antigens Frem Liver Tumors, Angiosarcoma, and
Hepatomas

G2. Circulating Antigens and Autoantibodies in Vinyl Chloride-Associated
Liver Disease

The approach to the use of tissue antigens produced by neoplasms and
identified in serum, either as the antigens or autcantibodies, were studied in
angiosarcoma and in chemically-induced liver cancers. Several normal tissue
antigens, a tumor-associated protein antigen, and a glycoprotein liver antigen
absent in individuals with angiosarcoma were identified and characterized.
The finding of a missing antigen in vinyl chloride-related angfosarcoma
stimulated studies of antigenic deletion in chemically-induced hepatoma and
cultured human liver carcinoma cells. Two liver antigens were found to be
absent. One of these antigens was shown to be normally present .in other
tissues (kidney and spleen) in addition to the liver, The second antigen was
detected only in the liver and was found to be unrelated to the liver-specific
F antigen. Liver-specific F antiggn was also studied as a possible sensitive
indicator of chemically-induced liver tumor, F antigen appeared to be aﬂt
in fast growing hepatoma 7777 and undetectable or very low in the slow gr g
hepatomas. The level of the F antigen did not appear to correlate with the
rate of growth of these tumors; however, an increased concentration of F
antigen appears related to those tumors with the highest metastatic
characteristics. Studies of cultured human cancer carcinoma cells also noted
a deficiency in liver-specific F antigen similar to that of the experimental
hepatoma 7777. These data support the clinical observation that tissue
antigens appear to be more useful in treatment and follow-up care, while
antigenic deletions may prove more important for screening and early detection.

PROGRAM H

USE OF ISOLATED MAMMALIAN LIVER CELLS FOR THE STUDY OF CHEMICAL MONOMER
METABOLISM; [nvestigator - R. C. Feldhoff

H1. Isolation of Mammalian Liver Cells for the Study of the Metabolism of
Chemical Monomers

H2. The In Vitro Study of Albumin Synthesis by Liver from Human Biopsies
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intermediates -in the two reactions are different. Chlorooxirane conjugates
instantaneously with the sulfhydral compounds, while chloroacetaldehyde takes
about 2 1/2 hours for a comparative reaction. Although both routes are con-
verged to yield the cysteine-S-acetaldehyde conjugate, the reaction rates are
vastly different, one taking minutes, the other hours to compiete. Chloro-
acetic acid is identifiable by mass spectrometry in liquid solutions, solu-
tions as small as 0.0M (2 mg/ml), while gas chromatography sensitivity was
limited to concentrations of 0.2 to 2 mg/ml H20 (200 to 2,000 ppm). Use of
a porous polymer solid support and formic acid is expected to improve sensi-
tivity by 100-fold. Combination of GC-MS techniques appear to be the most
promising approaches to the detection of end metabolic products and biologica]
tissue.

PROGRAM F

ASSESSMENT OF ASSAYS FOR THE CARCINOGENIC POTENTIAL OF [NDUSTRIAL
CHEMICALS USING PROKARYOTIC AND EUKARYOTIC SYSTEMS; Investigators - U.N.
Streips and G. Sonnenfeld

Further Development of Bacterial Systems for Testing Carciﬁogenicity and
Mutagenicity of Chemical Agents Used in the Manufacturing of Vinyl
Chloride and Synthetic Rubber

Application of mutagenic assays for the determination of mutagenic
potential of a list of environmental chemicals was conducted using improved
modifications of their bacterial system. In addition, a new screening
technique for carcinogenesis was developed involving the inhibition of
interferon induction. This was applied to several carcinogens and mutagens
and compared to the effectiveness of the standard viral bacteriological
assays. These studies have demonstrated improved techniques for rapid
screening of large numbers of chemical formulations being utilized within an
environmental region. .

F2. Preliminary Studies on the Use of Interferon Induction as an Indicator of
Mutagenicity and Carcinogenicity of Chemicals

The new method assessing the mutagenic/carcinogenic capabilities of
chemicals using an interferon assay is reported as well as related research
regarding the controlled process of cell division in bacteria and how these
findings relate to mammalian cells.

Interferon induction inhibition in contrast to the Ames bacterial assay
demonstrated the ability to separate more accurately agents with more
carcinogenic potential related to human occurrences.
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Presently, the rat has provided the most useful means of studying hepatic
metabolism in mammalian cells. The intact liver, however, consists of at
least four cell types which differ in their metabolic and functional
characteristics. These studies were directed toward the development of
clinically utilizable techniques to study human liver biopsy material in
relationship to its ability to synthesize, retain, and secrete protein.

Improved techniques were also utilized for isolation of hepatic paren-
chymal and nonparenchymal cells so that nearly homogeneous populations of
cells could be studied for their oxidizing and detoxifying capabilities.
Preliminary results of this late addition to our research techniques have
proven encouraging in the adaptability of highly sophisticated laboratory
techniques to the study of human tissue in an in vitro system. It has demon-
strated that animal and human tissue obtained Dy a clinical biopsy technique
are viable in am in vitro system, being able to perform normal functions
relative to albumin synthesis. The technique for the study of this tissue in
an in vitro system may be applicable to human tissue from individuals with
varying degrees and types of cellular injury. This technique would provide
the ability to determine the oxidizing and detoxifying capability of liver
cells to various xenobiotics in a quantitative fashion. Although very
futuristic in its approach, it appears accomplishable since the present devel-
oped methodology is clinically applicable. -

PROGRAM I

THE STUDY OF TISSUE DISPOSITION OF INDUSTRIAL CHEMICALS: THE VINYL
CHLORIDE EXAMPLE; Investigators - W. J. Waddell and C. Marlowe

I1. The Use of Whole Body Autoradiography in Specific Tissues. Localization
of Accumulated and Retained Industrial Chemicals and Their Metabolites

The need for methods which more accurately identify the sites of locali-
zation of chemical agents and their metabolites has obvious importance. The
use of whole-body autoradiography to identify_ the location of radioactively
tagged chemicals was studied with regard to ‘4C-v1ny1 ch]ﬁ;ide. Whole-body
saggital sections of mice exposed for three hours in C-vinyl chloride
demonstrated that the highest levels of radioactivity in mice sacrificed at 20
minutes and one hour after removal from the vinyl chloride environment were
observed in the liver, pancreas, kidney, intestinal contents, urine and bile.
Concentrations of metabolites in the organs of excretion decreased continually
over a 24-hour period. After nine hours removal from the vinyl chloride
environment, Harder's gland, epithelium of the esophagus and intestine, and
sublingual glands retained the highest levels of radioactivity, while moderate
concentrations were seen in the liver, kidney, and intestinal contents. At 24
hours, the primary organs of retention were the thymus, Harder's gland, liver,
and esophagus and intestinal epithelium. The high concentration of
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Research Results .

An evaluation of immunocompetence was carried on in individuals with
gocumented chemical hepatic injury and in those without biochemical or
¢linical evidence of liver injury. A second comparison was conducted between
workers with high versus low exposure to vinyl chloride, utilizing our cumula-
tive exposure rank months (CERM) ranking., Tests for immunocompetence included
enumeration of lymphocytes, determination of certain lymphocyte subpopula-
tions, and response of lymphocyte to nonspecific antigens as a test of lympho-
cytic function.

Results of lymphocyte response to stimulation with nonspecific antigens
Phytohemagqlutinin (PHA), Concanavallin A (Con-A), and Pokeweed mitogen (PWM)
are shown in Figure 1.

LYMPHOCYTE RESPONSE OF VINYL CHLORIDE WORKERS
(NON=SPECIFIC ANTICEWS)

YINYL CHLORIZE SXPOSURE
s . ABOVE MEDIAN (Nefa)

bt
&
g
=
g
@

mnmmﬁlx.m CDICMAVM.IL.I.N A POXEWEED Hl;ﬂzl
Figume 1
Response of the other immune parameters in high and low vinyl chloride
exposure are shown in Table 1. No statistically significant difference was

found between workers with high and low vinyl chloride exposure, or between
unexposed invidivduals and chemical workers (Figure 2).
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PROGRAM A

STUDIES OF HUMAN IMMUMOLOGICAL SYSTEMS IN THE DETECTION OF VINYL CHLORIDE
AND OTHER CHEMICAL INJURIES; Investigators - H.P. Fortwengler, Jr., and
C. H. Tamburro,

Al. Evaluation of Immunocompetence of Workers Chronically Exposed to Vinyl
Chloride

Background

The study of the human immunological systems as a means of detecting
chemical injury was initiated to determine whether or not the body's ability
to recognize substances that were foreign would make specific responses that
could be identified clinically. The immune response can be divided loosely
into two types: antibody formation and cell-mediated responses. Our initial
studies were conducted to determine whether the mediators of immunity, i.e.,
lymphocytes, could be identified as having any immune defects which could be
related to chemical exposure and be an early signal of an impaired immune
system which might interfere with the body's normal defenses. These antibody
forming cells constitute the humoral part of the human immune response. The
lymphocytes are divided into at least two classes or types called B cells and
T cells. The B cell lymphocytes are responsible for the synthesis and secre-
tion of antibody molecules, while the T cells are responsible for helping 8
cells, In addition, the T cells are also able to carry out a whole series of
reactions in their own right. Generally these reactions involve tissue
destruction, and since antibodies are usually not involved, they are called
cell-mediated reactions. There has been recent thinking that the body's
defense against tumors is a result of a tumor's having a unique antigen which
is therefore recognized as foreign. The immune system constantly responds
against these new antigens, and in this manner, there is an ongoing immune
surveillance against tumors. Failure to react with the new antigen resuits in
cancers, according to this theory.

Objective

1. To determine the immune competence of chemical workers with prolonged
exposure to vinyl chloride monomers

2. To compare their immune response to those workers who had developed
lTiver injury, including angiosarcoma.

17
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No statistical differences were seen in thesa same immune parameters betgw
workers with or without liver injury (Tables 2 and 3).

TAME 2
IPMUNE PARAMETERS OF VC WORKERS ¥ITH
N NETHOUT LIVER DISEASE TABLE 3
[MUNE PARNTETERS OF VC WORKERS WITH
TEST LIVER OISE.:\SE NQ LIVER DISEASC AND WITHOUT LIVER DISEASE
IHYTOMEMAGELUT TN I 753758 17me3% i
STIMAATION (wm25) {wmk8) TEST LIVER DISEASE M0 LIVER DISEASE
WNITE BLOOD CELL §900+500" 5650+330
CONCAMAVALLIN A 195+36 162¢29 :
STIMULATION (m25) (weug) counT (w23} (ve52)
LIMPNOCYTE COUNT J6e2 382
POKEWEED ALTOGEN 10912 +13
STIMAATION (wa25) e (rercant) (=25 {nea8)
ABSOLUTE LymewocyTe | 2150+ 2034270
STREPYOCOCTAL ANTIGEN 203402 18132 .
STIMLATION (ve24) (€ )] coumt (w=25) (i)
ToCELL Ro3ETTES At 49c 5743 S22
STREPTOLYSIN O 82 165 - 2!
tTIMAATION {(w=25) {mird) (re ! le25) (wed)
T-CELL ROSETTES AT A% 1800100 15004100
PRD STIMRATION 1846 4
(n2) (wot$) (asouure) 23) ()
Tectu, Aosetres ar 3% 55+2 5282
VARIDASE STIMULATION X 115
- (e (rencynt) (m=25) (we])
TCHLL MOSETYES AT 33%  1900+1W 1200+100
CANDIDA STIMEATION 15 Tel « -
. () ARSOLUTE) (w=2%5) (tt7)

. ‘san
STIMALATION [NOEX
l.’n

Tables 4 and 5 show the results of these immunological parameters examined in
old and young workers. Older individuals demonstrated significant differences
in their total white count (P<.0l), percentage of 1ymphocytes (P<.001), and
lymphocyte reactivity to Streptolysin O (P<.05) and PPD (tuberculin) (P<.05)
stimylation. We believe these findings to be age related with no relationship
to the presence of liver disease or exposure to vinyl chloride. No other
statistically significant differences were found between the varijous groups.
There is no evidence from this data that immunological abnormalities result
from chronic exposure to various levels of vinyl chloride.
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TABLE 1

[MMUNE PARAMETERS OF VC WORKERS
ACCORDING TQ EXPOSURE

ABOVE MEDIAM  BELOW MEDIAN  STATISTICAL
TEsT EXPOSU&S.. EXPOSURE SIGNIFICANCE

STREPTOCOCCAL ANTIGEN 191. +3 186+34 none
STIMAATION (e=52) (n=20)

STREPTOLYSIN O 82 W12
STIMRATION (ww53) (w=28)

PPD STIMULATION 29+8 186
(nmitd) (e=23)

VARIDASE STIMULATION po o] 41£12
(n=S4) (~23)

CANDIDA STIMULATION 11+3 622
(n=53) (n=23)

ABSOLUTE LYMPWOCYTE 2355¢132 2316=148
count (w=52) (w=24)

T-eoLL noseTTES AT 4% 1503101 15244132
{ansoLuTe) (n=50) (w=20)

T-CELL mOSETTES AT 33% 1227+%0 12672123
(AnsocuTt) (=0 (n=20)

*STIMALATION INDEX
**stn

Mitogen induced lymphocyte transformation in"VC
workers and unexposed individuals

30 VC workers (n=78)
| Unexposed individuals (n=2])

300+
250 1
200 4

150 4

100 | I
PWM

FIGURE 2

Stimulation Indices
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Lymphocytic reaction %to normal and angiosarcoma liver reagents were
studgied in workers with high and low exposure (above or below the median
exposures for the plant) to vinyl chloride (Figure 3). No statistical dif-
ference was noted between the reactivities of these two groups.

LYMPHOCYTE RESPONSE OF VINYL CHLORIDE WORKERS
(TISSUE ANTIGENS)

VINYL CALORIDE EXPOSTRE

T ABOVE MEDIAN  (NeSi)
vessil BELOW MEDIAN  (Ns=20)

3 I
=2=- I
5 " T
§ 1w D RS2
ANG;0SARCCMA LIVER AWTIGEA
ANTIGEN EXTRACT EXTRACT
FiGure 3

Similar studies in workers with and without liver disease also faile
show significant differences in their Ilymphocytic reactivity to ti
reagents (Table 8A).

TABLE 8A
LYMPHOCYTE REACTIVITY TO NORMAL AND ANGIOSARCOMA
TUMOR TISSUES IN VINYL CHLORIDE WORKERS
WITH AND WITHOUT LIVER DISEASE

LIVER
NORMAL TUMOR
TISSUE TISSUE

Lver | 2.8 +0.3%]  1.5+0.2
DISEASE

* NORMAL 2,6 £0.4 1.8 £ 0.2

*STIMULATION INDEX * SEM
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A2. Assessment of the Leukocyte Adherence Inhibition Test for the Detection
of Angiosarcoma of the Liver

Background

Halliday et al. (1974) reported the development of a leukocyte adherence
inhibition test which identified the preclinical stages of colon cancer.
Similar findings were reported in patients with liver cancer—the primary
hepatocellular type. The need for a more specific screening test, especially
for those who might be developing angiosarcoma that was not clinically de-
tectable, led us to assess this test in our cohort population.

Objective

1. To verify the studies of Halliday and Maluish regarding the use of
the 1leukocyte adherence inhibition test in -the identification of
carcinomas of the colon and its possible adaptation to vinyl
chloride-induced angiosarcoma.
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target antigens, immune response, tumcr virus suscantibility, liver cyc’c
acenosine monopnosphate levels, hybrid resistance, and T-cell: B-cell inter-
acticns. HLA antigens are found on almost all ce'ls of the body excent red
blood cells. The major histocompatibility complexes in man are identified by
letters (A, B, C, D) and numbers (A10, 812, C3). An increased incidence of
certain HLA antigens had been shown to De associated with susceptibility to
certain diseases. Mulvihill (1976) proposed that screening for these genetic
markers to idgentify abnormal genotypes in potential employees should be done
so that indiviauals who might be predisposed to neoplasia after occupational
exposure would be separated from those from normal genotypes. The first
occupational dgisease correlation reported was HLA-827 antigen which was found
with increased frequency in workers suspected of having occupational asbes-
tosis. The possibility that the histocompatible complex could be used to
identify individuals at increased risk of developing chemical injury led to
its stuay in vinyl cnloride workars.

Objective
1. To determine the HLA frequency in vinyl chloride workers

2. To compare the HLA frequency in vinyl chloride workers with and
without liver disease. -

In order to deal with the statistical problem of multiple comparisons
due to the large number of antigens to be studied, potential mark
for liver disease were identified for study: A-9, 8-15 and B8-17. ‘

Research Results

HLA determinations were done using the Terasaki microdroplet lymphocyte
cytotoxicity test. HLA typing was performed on 538 of our chemical cohort
population. Tissue typing includea 11 HLA-A antigens, 15 HLA-B antigens and 4
HLA-C antigens. Frequency distributions were determined in our “standard”
(healthy population) and compared with the "normal" groups studied by Scott et
al. (1977) and the World Health Organization. The comparison of these fre-
quencies are found in Tables 9 and 10.

A preliminary analysis of these HLA frequencies included the comparison
of a subcohort population consisting of individuals identified through the
medical screening program as having liver disease. These individuals had been
transferred from the main chemical plant to an ancillary plant making wooden
shipping paliets, referred to subsequently as "Pallet Plant Cohort".

As seen in Table- 10 this cohort had increased frequency of HLA-B15 (12
percent-normal population versus 28 percent-Pallet Plant Cohort).
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On the chance that non-specific reactions might be obscuring the specific
reactions, workers with vinyl chloride-suspected disease (working in a
non-vinyl chloride environment--Pallet Plant) were compared to workers without
known liver disease (working at the Main Plant).

TABLE 8B
IN VITRO LYMPHOCYTE STIMULATION BY ANGIOSARCOMATOUS LIVER EXTRACT

SUBJECTS NUMBER TESTED WUMBER OF SUBJECTS REACTIVE AGAINST:

NORMAL LIVER ONLY NORMAL & ANGIO  ANGIO ONLY

NON-PALLET
PLANT WORKERS 16

PALLET
PLANT WORKERS 18

TOTAL 3

"ONE INDIVIDUAL HAD ANG10SARCOMA

At first, this appeared to be a specific reaction to the angiosarcoma tumor
extract, i.e., negative reactions to normal liver with positive reactions to
tumor antigen. Initially, this type of reactivity occurred only among the
vinyl chloride workers. Subsequent studies among additional nonchemical
workers demonstrated similar reactivities to these liver reagents. Although
these results were provocative, the lack of further occurrences of angio-
sarcoma in our worker population prevented us from further characterizing this
(these) possible angiosarcoma antigen(s) and having the opporunity to verify
these observations. :

A4. Study of Human Leukocyte Antigen (HLA) FrequencieS‘in Chemically-Exposed
Workers

Background

The major histocompatibility complex of the immune system, HLA, is com-
posed of multiallelic genes located on one region of chromosome 6 in the human
and on chromosome 17 in the mouse. The genes in this region control a’wide
variety of surface antigens and lymphoid functions. This major histocompati-
bility complex is intimately related to the understanding of transplantations,
graft versus host reactions, interactions of B and T Cells, genetic control of
immune responses and several other phenomena in the immunological system.
Certain genetic traits appear to be controlled in animals by the genes of this
complex. These include transpiantation antigens, cell-mediated lympholysis,
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Table 11 illustrates the frequency of HLA-B15 ameng the antirs '.\'ag
cohort at the main chemical plant. This cohort was subdivided into those with
Tiver disease versus normal individuals based on medical screening studies and
liver biopsy. HLA-B15 occurred in 13 percent of the normal group versus 17
percent of the liver diseased group.

TABLE 11
DISTRIBUTION OF HLA-B1S ANTIGEN AMONG
CHEMICAL WORKERS WITH AND WITHOUT LIVER DISEASE

(MAIN PLANT COHORT)
CuintcaL Diacnosts

N=519
NORMAL LIVER DISEASE
+ 64 3
B1S
- 427 15
“TaTaL 491 13
44} (13 (n

To determine if this increased occurrence of HLA-815 was due to chemi-
cally-related liver injury and not due to incidental (non-occupational) liver
disease, both the pallet plant and the main plant cohorts with liver disease
were subclassified’ into those with chemical liver injury (CLI), and non-
chemical liver disease (LD). The frequency of HLA-B15 in these cohorts is
shown in Tables 12 and 13.

Table 14 illustrates the occurrence of HLA-B15 in the entire plant cohort
subclassified into those without liver disease (NORMAL), those with Tliver
disease, all types (BOTH). Those with liver disease are further subclassified
into those with chemical liver injury (CLI) and those with liver disease,
non—chemical in origin (LD).
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TASLE 9
HLA-A FREQUERCIES
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TAME 10
WA-8 FREQUENCIES
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A3. laentification of the Endothelial Ceil as the Cell of Crigin for Vinyl
Chlorige-Inauced Angiosarcoma of the Liver

8ackground

A search for evidence of vinyl chloride-induced tumor antigen has led to
the finding that these tumors have an increased concentration of antigenic
coagulation Factor VIII. Factor VIII is a known marker for the vascular
lining cells of the endothelial type. Further experiments in animals
indicated that the normal endothelial cell found lining the liver sinusoids
has little if any Factor VIII fluorescence. Endothelial cells found lining
larger vessels on the other hand demonstrated a striking fluorescence, as did
experimentally transplanted mouse angiosarcomas. Conversely, mouse hepatic
Kupffer cells, a second type of hepatic lining cell distinquished in histo-
logical cross section by engorgement with carbon particles, failed to demon-
strate positive fluorescence. An increase in antigenic Factor VIII in hepatic
angiosarcoma endothelial cells as compared to the normal, led us to believe
;hat thesFIcells have increased production or storage capacity for antigenic

actor VIII.

Objective

1. To study the Factor VIII flugrescence in human ahgiosarcumas, primary
hepatocellular carcinomas, and normal livers.

Research Results

Examination of angiosarcoma liver demonstrated a significant fluorescence
due to Factor VIII content in the malignant cells of the liver sinusoids. An
intermittent pattern of fluorescence of the sinusoidal lining cells was seen.
These cells were histologically identified as angiosarcomatous on hematoxylin
and eosin ( H & E) staining of adjacent tissue. This type fluorescence was
not seen in individuals with primary hepatocellular carinomas and a different
pattern was seen in normal livers. These cells and their fluorescent pattern
are illustrated in Figures 4 and 5, Figure 4 illustrates the H & E stained
cells and Figure 5 their Factor VIII fluorescence.
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TABLE 12

DISTRIBUTION OF HLA-B1S ANTIGEN AMONG WORKERS
WITH AND WITHOUT CHEMICAL RELATED LIVER DISEASE
(PALLET PLANT COHORT)

CLINIcAL DisgNosts

+

B1S

TABLE 13

DISTRIBUTION OF HLA-B1S ANTIGEN AMONG WORKERS
WITH AND WITHOUT CHEMICAL RELATED LIVER DISEASE
(MAIN PLANT COHORT)

CLintcat Diasnosts

JI0RMAL

65

430

Torar 495

TABLE 14
OCCURRENCE OF HLA-B1S AMONG CHEMICAL.
WORKERS WITH AND WITHOUT CHEMICAL LIVER [NJURY
CuinicaL Diaanosis

(R 15

=538

AORMAL

BQTH

65

10

430

33

Torar 495
(2) 13

43
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(2) The use of tumor antigens for the detecticn of developing angQ
sarcsma, aithough a provocative possibiiity, is far too non-gpecific in its
present stage of development to provide any reasonably useful means cf
detecting early cancer development. Until there is better evidence that tumor
antigens provide sufficient specificity to prevent cross reactivity with other
tissue materials, this approach will not appear to be a clinically useful one.

(3) The present data suggest that the HLA-815 antigen may reflect an
increased susceptibility to liver injury, ~especially of chemically-induced
origin, Confirmation of these findings and the determination of the effec-
tiveness of this marker in screening those with increased susceptibility to
chemical liver injury must yet be determined by prospective study.

(4) The leukocyte adherence inhibition test, unfortunately, was not
adequats in i%s technical davelopment nor sufficiently reproducible to be
useful as a screening test for either colon cancer or liver angiosarcoma.

A1l of the above immunological studies, with the possible exception of
HLA marker, have provided little supportive evidence that chemical injury
interferes with human immunocompetence as determined by our present methods of
study. Therefore, studies of the immunological system for screening purposes
appear to be of little, if any, value in the early identification of chemical
injury or disease.

(5) The identification of Factor VIII production by human and anb

angiosarcoma tumors provides further evidence for the need to develp scree
methods to detect endothelial rather -than hepatocytic cell injury or
dﬁsfunction since these are the cells of origin that malignantly transform
when exposed to vinyl chloride and other agents such as arsenic.
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PROGRAM B

STUDY OF HEPATIC BIOQCHEMICAL AND ENZYMATIC SYSTEMS FOR THE IDENTIFICATION
OF VINYL CHLORIDE AND OTHER CHEMICAL INJURY IN CANCER DEVELOPMENT: ANIMAL
AND HUMAN STUDIES; Investigators - J.T. Du, C.H. Tamburro and M.T. Tseng

ANIMAL STUDIES:

B1. Characterization Of Hepatic Enzyme Changes In Rats With Prolonged Vinyl
Chloride Exposure: Decreased Glucose-6-Phosphatase Activity

B82. Morphological Alterations In Livers Of Rats'Exposed To Vinyl Chloride

Background

Vinyl chloride has been shown to induce an identical malignancy in both
animals and man. Vinyl chloride-induced liver cancer 1in animals, therefore,
provided an excellent model for the study of chemically-induced carcino-
genesis. . The rat model provides the opportunity to further elucidate the
mechanism and the pathogenesis of this particular chemical agent, whose major
oxidation occurs in the hepatocytes (primary liver cells) while inducing a
malignant transformation in an adjacent, different cell type (endothelial
Tining cell of the sinusoids). Vinyl chloride had been shown to cause
angiosarcoma and primary hepatocellular carcinoma in laboratory animals
(Maltoni, 1975, 1976), and angiosarcoma in man (Creech and Johnson, 1974).
However, 1little was known regarding the biochemical changes that vinyl
chloride mediated to induce hepatocellular injury and subsequent malignant
transformation of the mesenchymal cells. '

Enzymatic alterations in primary liver parenchymal cell cancers (hepato-
cellular carcinoma, hepatoma) have been studied extensively. Weber and Convery
(1966) and Weber and Lea (1967) proposed that there was a“ biochemical pattern
which could be related to the biological behavior of neoplastic cells. Using
a spectrum of hepatomas with different growth rates, a basis for underlying
neoplastic cell transformation was proposed as being related to the cell's
progressive- alterattons in the molecular pattern which led to progressive
increases in the growth rate of the tumors. Figure 1 outlines the pathways.
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FIGURE 1 WEBER'S MOLECULAR CORRELATION CONCEPT OF NEOPLASIA

G o
pepe
Amidetransierase [r_,::ﬂ

(4344
Syathorars m

liemerase ﬁ
Ko 5t \ = tranthetnine

FURINE
SIOSYNEHESIS

t ipimeruve
o
Sw Yrame \
¢ ’;- . it
=
= HX " ) o 1L

s £ | o e e B e S e B S ey
g~ Veuae | - 4 PLP KN, o Peiuyinne
s G4+ pave O pusa
[

aLycoLysis . - —

. ALUCONIOGINE NS

Key enzymes of glycolysis were shown to increase while key enzymes in
gluconeogenesis decreased with tumor growth, . In addition, the pentose
phosphate biosynthetic pathway, glucose-6-phosphate dehydrogenase (Weber and
Morris, 1963) and transaldolase (Heinrich et al., 1974) were shown to be
increased in all hepatoma studies. Furthermore, the activity of phosphoribo-
sylpyrophosphate (PRPP) synthetase and glutamine PRPP aminotransferase, the
first two enzymes channeling ribose-5-phosphate into purine, ONA and RNA
synthesis were also increased. The PRPP sythetase was increased in rapidly
growing hepatomas and the transferase in all the hepatomas irrespective of
growth rates (Weber et al., 1975). Oecreased enzyme activity was observed at
an early stage of carcinogenesis before the morphological signs of a tumor
appeared in the liver, and the activity of enzymes dependent upon the rate of
hepatoma proliferation correlated with progressive malignant transformation.

These findings and the lack of any long-term sequential studies of animals
exposed to vinyl chloride directed us to our first three objectives. .

Objectives

1. To determine the sequential hepatic enzymatic changes in animals
chronically exposed to vinyl chloride and their correlation to con-
ventional clinical tests of liver function.
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To determine if these sequential enzymatic patterns, especially with
regard to carbohydrate metabolism and nucleic acid synthesis, would
correlate with vinyl chloride-induced liver injury and ultimate
malignant transformation.

To correlate the sequential, morphological changes with these en-
zymatic findings.

Research Results

1. Characterization of Hepati¢c Enzyme Changes

Sprague-Dawley adult male rats were chronically exposed to vinyl
chloride. The initial studies characterized the metabolic alteration in the
liver by studying various organelle enzyme markers which included glucose-6-
phosphatase (microsomal), cytochrome oxidase (mitochondrial) and glucose-6-
phosphatase dehydrogenase (cytosol). In addition, standard serum biochemical
clinical liver studies of the liver (liver "function® tests) were performed
including aspartate aminotransferase (SGOT), alanine aminotransferase (SGPT),
alkaline phosphatase, lactic acid dehydrogenase, total protein, and bili-
rubin, Additional studies of subcellular enzymes related to nucleic acid
synthesis--glutamine PRPP aminotransferase, and glycolysis--phosphofructo-
kinase were done. In vivo protein synthesis was assessed by gH-leucine
incorporation.

The results of these studies illustrated that rats exposed to high chronic

doses of vinyl chloride had a 25X lower activity of glucose-6-phosphatase, a
key enzyme for gluconeogenesis after about 71 hours of exposure and a 50-100%
increase in glucose-6-phosphate dehydrogenase, a rate limiting enzyme in the
pentose pathway, after 84 hours of exposure.

These studies demonstrated that (a) metabolic alterations in the liver
cell are induced by vinyl chloride exposure, (b) gluconeogenesis is altered as
reflected by a lower glucose-6-phosphatase and a higher glucose-6-phosphatase
dehydrogenase activity, and (c) that these changes occur in.a fashion similar
to the lower gluconeogenic and higher pentose shunt actfvity of hepatomas.
Although this could result in an enhanced production of PRPP and ultimately
more nucleic acid synthesis, our studies of PRPP did not document this as a
subsequent finding., These enzymatic changes, although similar to the
biochemical changes seen in rapidly growing primary hepatocellular carcinomas,
most likely reflect liver cell adaptation to vinyl chloride exposure but do
not appear to significantly increase DNA synthesis. In addition, these
changes were sufficiently limited so as not to be reflected by circulating
enzyme levels traditionally used for the detection of clinical hepatocellular
injury (Figure 2). .
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2. Morphological Alterations: Light and Electron Microscopic Assessment

Sequential morphological assessment was performed in both of the chronic
experiments utilizing light and electron microscopy.

The enzymatic findings discussed in Bl and subsequently in B3 were
associated with light microscopic findings which showed a marked increase in
liver cell polyploidy, double nucleated cells and areas of focal hepato-
cellylar hyperplasia. There was no evidence of hepatocellular injury,
necrosis, or increased fibrosis. The morphological changes seen, however,
reflect an increased liver cell regeneration which was not measurable by the
techniques used to measure DNA synthesis in our experiments,

The electron microscopic changes demonstrated a proliferation of the

smooth endoplasmic reticulum without evidences of changes in the hepatocytic
cell, cell membrane, nucleic acid or rough endoplasmi¢ reticulum structures.
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There was no evidence of increased collagen deposition in the space of Disse
which has been reported by others during terminal or final stages of angio-
sarcoma development in animals,

B83. Alterations in the Oxidizing and Detoxifying System of the Rat Liver After
Prolonged Exposure to Vinyl Chloride.

Background

Vinyl chloride metabolism had been shown to be blocked at low dosage
levels (50 ppm) by inhibiting the alcohol dehydrogenase system and at higher
levels (200 ppm) by metabolism via the microsomal mixed function oxidase (MFO)
system (Hefner et al., 1975, Bolt et al., 1975). Vinyl chloride's major
metabolites, chlorooxirane and chloroacetaldehyde, have been identified as
probable ultimate carcinogens (Barbin et al, 1975; Van Duuren, 1975; and
Jaeger et al., 1974). Further studies (Elmore et al., 1976; Malaveille et
al., 1975; McCann et al., 1975) demonstrated the mutagenic activity of chloro-
oxirane and chloroacetaldehyde on microorganisms and the nonmutagenicity of
chloroethanol and chloroacetic acid, other metabolites of vinyl chloride.

Detoxification of these metabolites was reflected by a reduction in non-
protein sulfhydryl content of the liver (Hefner, 1975) and tracer studies
showing major urinary metabolites of vinyl chloride to be N-acetyl-S-hydroxy-
ethylcysteine and thiodiglycolic acid (Watanabe et al., 1976). The proposed
metabolic fate of vinyl chloride is illustrated:

Cl CH = Ny DETOXIFICATION WITH GLUTATHIONE

(v c) +asH

.l, LIVER MFO Cl CHyCHaOM  w=d» G CHoCH,OH e  N~Ac-$-(2-HYDROXY
- ETHYL) CYSTEINE
Cl CH~CHy (CHLOROETHANOL,)

+GSH
- Cl CH)CHO  wedp  GS,CHyCHO wad GS CHoCOOM
(CHLOROOXIRANE) (CHLOROACETALDEHYDE) . 4,
‘L THIODIGLYCOLIC ACID

0

(] CH.ICOOH

(CHLOROACETIC ACID)

7
In these experiments, the enzymes studied related to vinyl chloride
oxidation, included P-450, NADPH-cytochrome-(-reductase and mixed function
oxidase. Those enzymes related to detoxificattion include non-protein
sulfhydryl content (NPSC), glutathione content (GSH), glutathione reductase
(GR), glutathione-epoxide-S-transferase (GEST, glutathione-E-transferase), and
glutathione-aralkyl-S-transferase (GAST, glutathione A&B transferases).
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Obiective

1. To determine the sequential changes of key hepatic oxidizing and
detoxifying enzymes with prolonged vinyl chloride exposure.

Research Results

The oxidizing and detoxifying capability of rat 1liver cells during
prolonged exposure to chronic high doses of vinyl chloride demonstrated a
25-50% higher activity of glutathione reductase, the enzyme which regenerates
reduced glutathione to detoxify the metabolites of vinyl chioride. Although
our acute and single vinyl chloride exposure studies demonstrated a decrease
in the nonprotein sulfhydryl content (48%) similar to that reported by Hefner
(1975), repeated or chronic exposure to higher levels showed a progressive
increase which was statistically significant after 70 hours of exposure
(Figure 3).

Glutathione-epoxide-S-transferase (GEST) and glutathione-aralkyl-S-transferase
(GAST), the enzymes capable of conjugating the toxic vinyl chloride
metabolitas, were significantly elevated following vinyl chloride exposurs;
glutathione reductase (GR), the enzyme to regenerate glutathione, was also
elevated significantly following vinyl chioride exposure (Figure 4).
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The oxidizing capability as reflected by cytochrome P-450, the major
protein involved in vinyl chloride metabolism, however, was reduced signifi-
cantly only after prolonged vinyl chloride exposure (Figure 3), supporting
reports in vivo (Reynolds et al., 1975) and in vitro (Guengerich and
Strickland, T977: Ivanetich et al., 1977) that vinyT chloride metabolites
destroyed P-450. No differences were found in the conventional clinical serum
biochemical tests or in other cellular enzyme studies (cytochrome-C oxidase,
NADPH-cytochrome-C-reductase and mixed function oxidase).

These changes seem to reflect early hepatic cell adaptation to chronic
vinyl chloride exposure by increasing their capacity for detoxification and
decreasing their capability to further metabolize vinyl chloride into its
toxic intermediates--both provide a means of natural defense to a toxic
substance. This entire detoxifying sequence is shown in Figure 5 as a
composite of the detoxifying enzyme changes over a prolonged period of
exposure. i
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It is interesting to note that there is an earlier increase in the GEST trans-
ferase than the GAST transferases with prolonged exposure. This may reflect
an earlier (in time) need for adaptation to excessive production of the
epoxide and subsequently the accumulation of the aldehyde metabolite. Whether
this reflects the maximum adaptability as indicated by a leveling off of
enzyme after 200 hours, or whether these changes reflect an adaptation to
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prevent ceilular injury as well as prevent orimary nasatocellular malignant
transformaticn wouid requira even Tonger sedquentiail studies for confirmation;
these were beyond our time constraints.

B4. Oxidizing and Detoxifying Ability of Liver Mesenchymal or Parenchymal
Cells in the Metabolism of Xenobiotics.

Background

Even though the malignant transformation induced by vinyl chloride
occurred in the mesenchymal cells of the liver (endothelial calls), all meta-
bolic studies up to this time had been directed at the liver as a whole or to
the parenchymal cell--the hepatocyte. There had been no differentiation
between the oxidizing capability of the hepatocytes that demonstrated injury
and the endothelial cells which were malignantly transformed. Little was also
known regarding the variable ability of these two cell types in the removal of
the ultimate carcinogens or active metabolites. Therefore, our next set of
studies was directed toward the ability of two different cell types to
metabolize vinyl ¢hloride, :

Objective

1. To study the comparative ability of the hepatocytes versus the mesen-
chymal cells to metabolize vinyl chloride and determine the detoxi-
fying capability of the various liver cell types.

Research Results

Enzymatic studies of the detoxifying activities of the subcellular
fraction of liver cells, both hepatocytic and mesenchymal inclyded the study
of GEST, GAST, GR, as well .as P-450 and mixed function oxidase capability of
the various cell fractions. The effectiveness of the isolation of the
hepatocytes and mesenchymal cells was confirmed by studying pyruvate kinase
activity.

Mesenchymal cells were shown to have about half the GEST activity, 7% of
the GAST activity, less than half of the microsomal function oxidase activity,
and 73% of the GR capability compared to the hepatocytes. The activity per
million cells indicated that the nonhepatocytes had about 1/70 MFO activity,
1/65 GEST activity, 1/500 GAST activity, and 1/45 GR activity. These results
demonstrate that the nonhepatocyte has significantly less capability in both
the activation and detoxification of vinyl chloride and other xenobiotics.
The data supports the hypothesis that the endothelial cells have a more
limited capability to detoxify vinyl chloride metabolites and that this
limited capability provides a greater possibility for ONA injury and
subsequent malignant transformation. Again, unfortunately much longer
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experimental studies would be needed to eventually validate this hypothesis
(Du et al., preprint attached in Appendix).

Relevance to Industry

(1) These chronic sequential studies are highly relevant to the chemical
industry's environmental health problems. The sequential, biochemical changes
that occur in the carbohydrate metabolism of the liver hepatocytes reflect
adaptation of the liver cell to chemical exposure. This is further reflected
by the histological changes which show polyploidy, double nucleated cells and
areas of focal hyperplasia. As the c¢linical studies in this report will
subsequently show, these changes are characteristic of chemical injury but do
not necessarily reflect premalignancy. This would be consistent with the
enzymatic studies failing to demonstrate any evidence of increased nucleic
acid synthesis which is seen in the premalignant hepatoma studies of Weber and
others. The important fact is that these changes cannot be detected by the
standard federally-required biochemical studies, because these are directed
solely at the hepatocyte. The hepatocyte may become injured but it does not
usually malignantly transform.

(2) The oxidative and detoxifying results of this study demonstrate that
the hepatocyte progressively adapts its ability to remove and detoxify .the
active metabolites. This occurs without evidences of hepatocellular injury,
at least up to what would be equivalent to 6-20% of the working years of a
chemical worker, The studies also emphasize the fact that at very high
exposures, the detoxifying system 1is adaptive and the oxidizing system's
capacity is reduced, thereby providing a relative defense against continued
formation of toxic metabolites.

(3) The massive ability of the hepatocyte to oxidize as well as detoxify
the active metabolites of vinyl chloride can well explain why there is no
hepatocellular carcinoma development in humans with vinyl chloride exposure.
A markedly reduced ability of the nonhepatocyte to detoxify the metabolites
while still having the capacity to oxidize vinyl chloride into its active
metabolites would support the higher probability of this cell becoming
malignantly transformed. Since all clinical screening studies are directed
toward the hepatocyte, these animal studies emphasize the insensitiveness of
clinical biochemical studies to correctly identify early fnjury in the more
susceptible cell, 1i.e., endothelial cell. More sensitive indicators of
nonhepatocytic cell injury or dysfunction are needed for the detection of
early chemical injury., These indicators must take into account the function
of both types of liver cells.

(4) The morphological findings described in the animal experiments con-
firm earlier observations regarding the earliest histological manifestations
of vinyl chloride injury. They support our clinical observations that these
lesions can be used to identify chemical injury. Program D, on the morphor-
metric and histological analysis details the clinical results found in humans.
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HUMAN STUDIES:

85, Effectiveness of [ndocyanine Green Clearance in the Detection of Liver
Injury.

Background

The increasing concern over the potential health hazard of synthetic
chemicals in the occupational environment has led the government to require,
and many industries to establish, medical laboratory screening programs for
their employees. The primary objectives of these screening programs is to
identify potential work-related disease, so that intervention may reduce
disability, morbidity, and mortality. Most screening studies are diracted
toward the detection of abnormalities in certain body systems. The specific
tests used are most often selected on the basis of medical experience in symp-
tomatic or hospitalized populations, Prior experiences utilizing non-
specific, muiti-phasic health screening have not proven to be affective in
this area, The effectiveness of standard medical testing used predominately
in asymptomatic individuals with subclinical low-grade disease--both work and
non-work related--had not bheen determined. This study assessed the effec-
tiveness of using clearance studies of anionic dyes in the detection of liver
injury in such individuals.

Objective

1. To determine the effectiveness of ICG clearances in detecting hepatic
injury.

2. To compare I(G sensitivity and specificity to standard clinical
biochemical screening in the detection of liver injury., -

Research Results

The study group (cohort) consisted of 969 male employees who were tested
between June 1, 1976 and May 31, 1977 with standard biochemical studies of the
liver which included alanine aminotransferase (ALT/SGPT), aspartic aminotrans-
ferase (AST/SGOT), gamma glutamyl transpeptidase (GGTP), alkaline phosphatase
(AP), and total bilirubin (TB). In addition, these employees were also
screened by ICG clearances at the 0.5, 2.5, and 5.0 mg/kg doses, and by two
more specific liver enzyme tests (isocitric dehydrogenase [ICD] and sorbitol
dehydrogenase [SDH]). This main cohort was divided into a "standard* and a
"non-standard® population for purposes of analysis. The division was based
upon the best medical opinion. The “standard" group demonstrated no c¢linical
evidence of significant medical disease--occupational or non-occupational in
origin, and “non-standard® included all the others. :

A subcohort of 120 individuals who had undergone liver biopsies for

medical reasons, whether related to work or not, were also studied. This
subcohort population was divided into those individuals with and without
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histological evidence of liver injury, and the former further subdivided into
those with and without histological characteristics of chemical injury (see
Program D2).

A1l employees had individual work histories and rank-ordered exposure
indices for 22 different chemicals used within the work place.

Thé GGTP provided the highest positive predictive value as a screening
test for non-standard individuals (population with medical disorder). It also
provided the highest sensitivity and specificity sum among the 5 most
frequently abnormal tests (AST/SGOT, ALT/SGPT, AP, ICG); 2 other tests also
had high predictive values--the indirect bilirubin, due to the high number of
congenital indirect hyperbilirubinemic individuals, and the triglyceride
levels, most likely reflecting differences in age, weight, and diabetic status
in the non-standard population.

The ICG& clearance (0.5 mg/kg) espressed as mean t 1/2 in minutes (min.)
demonstrated differences not only between standard and non-standard population
but also differences between those with high and low mean exposure to vinyl
chloride (Table 1).

TABLE 1

INDOCYANINE CLEARANCE IN A COHORT INDUSTRIAL POPULATION

SUBGROUP . 'ﬂ?ﬁ? 90% 1002

STANDARD 2.9 2.0-3.8 1.8-4.8

LowW Ve
EXPOSURE 2.9 1.8-4.0 1,7-4.3

NON=STANDARD 3.4 2.1-5.6 2.0-6.6

HIGH VC .
EXPOSURE 3-1 2;1"“.“ 119"“-8

The biochemical tests which best correlated with the presence of hepatic
disease in the chemical workers with ciinical evidence of liver disease were
ALT (SGPT), GGTP, alkaline phosphatase, and IC6 clearance (i.e. these were  the
tests with the highest sensitivity in detecting latent liver disease). Sensi-
tivity alone, however, is not an adequate indicator of a test's screening
value, especially when used in asymptomatic individuals. More appropriate
evaluation of the screening ability of the tests requires that both sensi-
tivity and specificity be determined, i.e., identify the diseased individuais
and correctly exclude the non-diseased individuals. The sensitivity and
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the least specifi¢; AP has the highest specificity but the lowest sensitivi-
ty. ICG clearances, even at the low dose, clearly remain the best test, i.e.,
in combined sensitivity and s3jscificity for screening and detecting individu-
als with subclinical liver gisease (Table 2 a,b,c¢).

TABLE 2
A B ' C
SEXSITIVITY A0 SPECIFICITY SEXSITIVITY AND SPECIFICITY
OF INDOCYANINE SAEEN CLEARANCE o (MDOCYAMINE GREEN CLEARMNGE SEXSITIVITY 40 SPECIFICITY
OF [NDQCYAN(NE 3AEDY ZLEARANCE
wg. ratiewty 1500 183 1.5 a/na
14 3.3 ma/xg
(€6 9.5 ma/3 (o) 3 Torm Y (L —
st () () ToTAL - = T s (w78 $ "
“tpiea (¢) 298 10 518 . *3::' (# 4§ | 3 Amrea,
AssamaaT (-) 38 1 E :iul::ﬂl‘l' ) 18 308 410 Assmswvmnt (o) 4 bt 12
839 - - 125
d SOntiTIvVITY: /% - 2.32
sogiTiveTy: 55,8 : .
weerrterry: 95,62 spestTIveTY: 85/73 « 81,51 Seectriery: /62 © 90.53 -

sMecirietTy:  398/810 - 96.53

In addition ICG clearance demonstrates excellent correlation with the histo-
logical presence of liver disease and 1iver cancer (Figure 6).

LIVER HISTOLOGY AND UYE CLEARANCE
AMONG VINYL CMLORIDE (VC) WORKERS
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FIGURE 6

The subcohort biopsied population was additionally studied with regard to
the sensitivity and specificity of the screening tests, the specific histo-
logical interpretation of the liver biopsy, and the relationship to vinyl
chloride exposure. All biopsied individuals were subclassified into three
groups: those with histological evidence consistent with chemical liver
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injury, those with histological evidence of liver disease without evidence of
chemical injury, and those with normal liver biopsies. Each group was then
evaluated regarding the sensitivity and specificity of the biochemical tests
and their total exposure to vinyl chloride based on a rank ordered scale.

Analysis of the subcohort biopsied group's work histories demonstrated
that those individuals with chemical liver injury had the highest average
rating for vinyl chloride exposure and were best identified by screening with
ICG clearance tests,

B6. The Assessment of Bile Acids Vs. Indocyanine Green (ICG) Clearances in the
Detection of Liver Injury in a Chemically-Exposed Worker Population

Background

Since highly sensitive and specific screening tests for the detection of
latent hepatic injury were needed, studies were conducted to determine whether
bile acid clearances could be utilized to detect occupationally-related
hepatic injury. Bile acids are naturally occurring steroids which are
synthesized and removed solely by the liver. These substances, in contrast to
synthetic anionic dyes such as indocyanine green, have been reported to
provide equal if not better, sensitivity in the detection of liver disease.
The development of radioimmunoassays for bile acids provided an economical
means of determining whether these natural substances could be used as
effective screening measures in subclinical liver disease. Studies were
conducted to determine the relative effectiveness of bile acid levels vs. ICG
clearances in the detection of subclinical liver disease.

(Objective

1. To determine the effectiveness of bile acid clearance in the
detection of subclinical liver injury

2. To compare bile acids to ICG clearance in identifying chemical and
non-chemical liver injury.

Research Results

A subcohort (64) of the worker population who had liver biopsies done for
medical reasons and had both ICG clearances and serum bile acids--cholyl-
glycine (CG) and conjugates of cholic acid (CCA)--performed, were studied.
These individuals were subdivided on the basis of the histological features of
their biopsies into individuals with chemical liver injury (CLI), individuals
with non-chemical liver disease (NCLD), and individuals with no histological
abnormalities (NBX). The mean plus or minus S.E.M. for ICG, CG and CCA in the
CLI, NCLD, NBX, and a non-biopsied normal group are shown in Table 2.
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TABL

CORRELATION OF LIVER 3{CPSY WITH
BILE ACID LEVELS AND ICG CLEARANCE

(L) ]

NON BIOPSIED

CLI NCLD HBX NORMAL .
1C6Cek) 4.2 £ 0.6 3.2+0.1 3,3+0.2 3.1 £001
(0.5 ag/kg)

C6 95.2 » 28.3 27.3 £ 4.4 34.60+ 7.1 14.9 £1.9
(ug/dl)
CcA 9.7 +29.3 5.3 +4.5 52.6 £ 26.6 18,7 £ 1.2
(ug/dl)

Analysis of variance (on 1log transform data) showed significant
differences for ICG clearance for the three biopsied groups and for all four
groups. Values for the CLD were significantly different from the [CGs for the
normal, but showed no significant difference between the NCLD and the NBX
group. Analysis of variance for ICG clearance was not as discriminating for
the 3 biopsied groups. I[CG clearance gave a better separation (sensitivityz
of the normal vs. abnormal at the 95 percentile level for the norma
population in the serum bile acids.

This preliminary analysis, therefore, shows that fasting serum bile acids
hold promise as a potential detector of early liver dysfunction, particularly
chemically-induced, in those individuals who are asymptomatic., This test
should be further investigated to determine how this natural substance might
be more effectively utilized as a screening technique. Bile acids can be
taken orally for clearance study and are not limited to intravenous route as
is the case for synthetic anionic dyes such as ICG. Studies in this area
continued to be pursued in similar populations.

Relevance to Industry

These ¢linical study results provide the best scientific basis upon which
to recommend effective medical screening tests for the detection of
occupationally-related injury to the liver, The results also provide sound
scientific reasons for recommending modification of presently required federal
testing in environments utilizing potentially hepatotoxic agents.

Although synthetic anionic dye presently provides the “best means for
detecting early latent liver injury, it is limited by the need to be injected
(an invasive procedure). Although reactions to the injection of this dye have
been minimal, it does present barriers to voluntary worker compliance.
Therefore, development of a screening test which can effectively determine
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overall hepatic function, can be given orally, and is a nonsynthetic, normal
biological constituent approaches the most ideal test for screening. Bile
acid clearance could be the least invasive and therefore the most acceptable
method to test asymptomatic individuals undergoing screening. The bile acid
studies described above are the basis for recommending its use in future
screening. The standardization of these bile acid test techniques, however,
requires further careful validation so that specific recommendations regarding
their use will provide the most accurate delineation between those with
disease and without disease and those with occupationally-related disorders
versus naturally-occurring ones.
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PROGRAM C

STUDY OF GLYCOSAMINOGLYCAN CHANGES IN THE DETECTION OF HEPATIC FIBROTIC
INJURY IN CHEMICAL EXPOSURE AND HEPATIC CANCER DEVELOPMENT; Investigators
- C.E. Kupchella and R, Warick

ANIMAL STUDIES:

C1. The Study of Glycosaminoglycan Changes in Livers of Animals Bearing
Metastasizing Hepatomas

C2. Significance of Tissue Glycosaminoglycan Elevations in Hepatic Fibrosis,
Necrosis, and Regeneration

HUMAN STUDIES:
c3. Charaﬁterization of Glycosaminoglycan Patterns in Humans with Angiosarcoma

C5. Characterization of Glycosaminoglycan Patterns in the Identification of
Chemical and Nonchemical Injury of the Liver

C4. Evaluation of Glycosaminoglycan Analysis of Urines of Chemically- Exposed
Workers

Background

It is well established that glycosaminoglycans (GAGs) are involved in
wound healing and scar formation. Although it is less certain what role they
play, it is known that certain GAGs are elevated in malignant tumors including
hepatic tumors, and it has been postulated that GAGs may be impor- tant
determinants of tumor-cell properties. A number of laboratories, including
ours, have established that urinary GAG excretions may serve as markers in the
pathogenesis of chemical injury, fibrosis, and cancer. Despite the fact that
urinary GAG analyses have long been used clinically to detect and diagnose
genetically-determined metabolic disorders of ~GAG metabolism, a
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systematic evaluation of the usefulness of urinary SAG patierns in the datec-
tion and diagnasis of acute and/or chronic¢, necrotic and/or fibrotic liver
injury--or cancer--has never been made. Studies were begun to determine the
practical utility of tissue and urinary GAG analysis in the detection and
diagnosis of chemically-induced liver injury and cancers.

Objective

In Animals:

1. To determine the relationship between GAG patterns in tumor tissue
(and urine) in animals with fast versus slow growing and in metasta-
sizing versus non-metastasizing, chemically-induced, transplantable,
hepatocellular tumors. (As an initial means of exploring the func-
tional role of GAGs known to be elevated in hepatic cancer).

2. To determine the sequence of GAG changes (in tissue, urine and blood)
associated with the onset of experimentally-induced fibrotic injury
with special attention to any change coinciding with the transition
from reversible to irreversible fibrosis,

3. To determine the degree to which chemically-induced necrosis of the
Tiver results in altered urinary GAG excretion and confirm changes
seen in tissue in earlier studies.

In Humans:

4, To compare the relative accuracy of the common methods of evaluating
urinary GAGs and find the least expensive and least time-consuming
m$thod of urinary GAG analysis able to give good specificity and sen-
sitivity.

5. To repeat in a double-blind c¢linical trial the evaluation of the
ability of urinary GAG analysis to correctly identify active liver
disease.

6. To evaluate urinary GAG patterns in groups of alcoholics with active
liver injury over a time period.

7. To compare liver tissue and urinary GAG patterns in patients (a) with
alcohol-injured 1livers, (b) hepatic angiosarcoma, (c) primary
hepatocellular tumors, (d) livers with metastatic cancer, and (e)
chemically-induced hepatitis and cirrhosis.

Research Results

In Animals:

Livers of animals bearing metastasizing hepatoma (5123tc) have 10-fold
greater concentrations of a non-sulfated, neutral, uroni¢ acid-positive
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material than is found in the 1livers of animals bearing two others,
non-metastasizing hepatomas (4).

Heparan sulfate and hyaluronic acid levels--but not heparin--are 3-4
times higher in experimentally transplanted hepatomas than in normal liver and
urinary excretion reflects both the tumor GAG composition and the size of
tumors (4, 8).

Hepatic necrosis is accompanied by significant tissue GAG elevations but
hepatic regeneration is not (5).

Heparan sulfate (a type of GAG) is elevated in hepatic tissue undergoing
experimentally induced fibrosis and heparan sulfate is elevated in the urine
of experimental animals (3).

In Humans:

Human hepatic angiosarcoma and fibrotic liver disease are accompanied by
elevated tissue GAGs (1).

The GAGs in the angiosarcomatous tumor tissue are different from those in
fibrotic tissue adjacent to the tumor (2).

Angiosarcoma and hepatoma patients have characteristic urinary GAG pat-
terns--patterns not found in normal controls (2).

Gross (non-fractionated) urinary GAG determinations give a better indica-
tion of liver disease than ultrasound analysis. Exacting urinary GAG analysis
(fractionated) is able to differentiated active from inactive liver disease
(7). Table 1 illustrates this for chrondrotin sulfate fraction.

TABLE 1
PRELIMINARY EVALUATION CF THE USE 7F AN ECCLUSIVELY CHONDROITIN
SULFATE EXCRETION PATTERN AS A SCREEM{NG TEST FOR VINYL -
CHLORIDE - EXPOSURE - ASSOCIATED LIVER INJURY *

VIRYL CHLORIDE EXPOSURE FLUS
THEIT® MLt NON=ANGIOSARCOMA LIVER (NJURY

-» -

7 3

- 2 3

S 9 n

SENSITIVITY = 77.70 (955 LintTs 80,02 - 97.20)
seectrictTy = 90,62 (95T Limers 752 - 981)

SURINE FRACTIONATION [N wiICH THE CHOWDROITIA SULFATE FRACTION (3
POSITIVE BUT THE NYVALURONIC ACLID AND WEPARIR FRACTIONS ARK BOTH

NEGATIVE.
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Relevance to Industry

These studies address the need for useful screening tests for liver
injury--urine tests of the type evaluated obviously fit the ideal of being
non-invasive, have no associated morbidity/mortality, and do not require "time
oft" from work to perform.

They could provide useful scresning tests for early injury and for dif-
ferentiating active versus inactive disease.

GAG analysis may help assess methods of therapeutic intervention, i.e.,
the elucidation of the role of the GAGsS in the pathogenesis of fibrotic liver
disease and the identification of strategies by which fibrogenesis can be
blocked and/or reversed.

Finally, they could provide useful means of identifying individuals at
risk of chemical injury--by further characterization of GAG changes, one may
be able to identify specifc injury due to chronic alcohol, chemical or other
exposure agents in individuals with liver impairment,
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PROGRAM Dr

HISTOLOGIC AND MORPHOMETRIC ANALYSIS: A MEANS OF ACCESSING HISTOLOGICAL
HEPATIC INJURY IN CHEMICAL WORKERS; Investigators - G.H. Barrows,
R. Schrodt, and C.H. Tamburro

. Morphometric Assessment of Histological Lesions Characteristic of Vinyl
Chloride Injury

. Computer-Assisted Morphometric Analysis as a Rapid Means of Determining
Collagen Content

. Development and Assessment of Morphometric Method of Analysis of Collagen
Content from Human Liver Biopsies - Relationship to Age

. Light Microscopic Assessment of Various Histological Lesions Found- in
Liver Biopsy Tissue Obtained from Vinyl Chloride Workers

Background .

Observations made on ‘liver biopsy specimens obtained from vinyl monomer
polymerization workers have identified the association of periportal, subcap-
sular, and mid-zonal fibrosis, and activated sinusoidal lining cells with
vinyl chloride exposure. Many have believed these findings to be early
indicators of potentially dangerous chemical exposure since these histological
findings are characteristic patterns in the terminal or late stages of disease.

The early stages of increased collagen deposition are often difficult to
identify due to a lack of data concerning the normal cbllagen content and
normal variation of collagen in the sinusoidal spaces. Other types of
chemical workers' injuries, such as copper smelters' arsenic-induced injury,
are also associated with increased collagen formation especially in the
perisinusoidal areas (1-3, 6-7). In addition, there had been no systematic
analysis of the collagen content of the liver's parenchyma based on age. Only
subjective data was available regarding "normal" increases in the quantity of
fibrous tissue within the aging liver. Therefore, objective criteria were
needed to determine (a) whether the increased collagen deposition in indus-
trial workers could be used as an indicator of developing cancer, and (b)
whether this increased collagen could be identified solely on tissue obtained
by liver biopsy.
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Industrial viny! monomer exposure, especialiy vinyl chloriae, has been
associated witn wvarious nepatic nistoiogical 3Jonormalities. These nave
incluaea nyperpiasia of both the hepatocytes and sinusoidal cells. Early
histological studies, mainly on autopsy material, have shown focal mixed
hyperplasia (hyperplasia of the hepatocytes or sinusoidal cells) to be an
early histological alteration associated with vinyl <chloride exposure
(4,7,8). A double-blind histological assessment was conducted on the liver
biopsies of some 120 exposed chemical workers to substantiate this observation
and determine its potential use in medical surveillance. Assessment of the
degree and duration of the vinyl chloride exposure was determined utilizing
rank ordered exposure indices as reported by Greenburg and Tamburro (9).

Objectives

1. Qevelop a clinically usable method for morphometric analysis of
collagen content of liver biopsies.

2. Determine whether computer-assisted morphometric analysis could be
used as the standard means of determining collagen content from human
liver biopsies.

Morphometic assessment of normal collagen content and changes associ-
ated with increasing age.

Review and analyze 1light microscopic findings of liver tissue

obtained from vinyl chloride workers to determine whether specific
histological lesions were sufficiently characteristic to be identi-
fied and associated with vinyl chloride expasure.

Research Results

(1) Initially, a manual calculator-assisted approach was used for
gquanitation of trichrome stainable collagen in Tliver biopsies. Randomly
selected areas of the liver biopsy were photographed. These were projected in
an 16 x 16 ¢m area on a Hewlett-Packard 9864A digitizing plate and area cal-
culated using a Hewlett-Packard 9815 calculator. Measurements of collagen
content and distribution of the perisinusoidal spaces were made from a ran-
domly selected number of complete grid sections in the various sublobular
zones; they were prenumbered from left to right as shown in Figure 1A, The
areas were measured in micrographs by superimposing an array of sampling
points (Figure 1B) and measuring the number of those points which overlaid
specific areas. Two randomly selected grid areas from 3 histological, (peri-
portal, mid-zonal, central) and 4 anatomical locations by 2 methods were
studied from 2 to 3 individuals in each bracket. .

Portal to central distance was quantitated and divided into 3 sections:
pericentral, midzonal, and periportal. A trained observer then manually
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outlined all areas staining 5§“j3551335#81¢nt the total sinusoidal area
(Figure 2). This was repeated for a total of 3 areas in each biopsy sample.
These randomly selected areas provided sufficient sampling to obtain a
reproducible estimate of collagen content of various areas of liver lobule and
were highly reproducible (Table 1).

Manual collagen quantitation outline
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TABLE 1
REPRODUCIBILITY

Area Percent Digitizer Square Counting
Inter assay  Intra Assay

2,03 0. 40 0,018 0, 27
4. 30 0,19 0. 052 0, 35
6. 10 0. 55 0.054 1,10
14,70 1,27 0. 6075 2,95
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{2) Later cavelcpmaents for computer gquantitation promise to facilitate the
axecuticn of morphcmetric collagen determination. In this approach a video
microscopic image is digitized to 4 bit precision, and held in digital video
storage (Morphometrix-156 Image Analyzer). This digital image (Figure 3A, 238)
contains all density information on a 256 x 512 matrix. The amount of )
staining of a particular density can be rapidly quantitated by counting the
percentage of a particular density which occupies an image. This approach
allows rapid quantitation of the total biopsy and enables study of a large
number of samples. A second advantage is the adaptability of this technique
for 3-dimensional reconstruction and quantitation of liver fibrosis volume.

Figure 3 {llustrates a computer printout of a histological area and a drawing
of the area morpnometrically analyzed.
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FIGURE BB Digital densities of reticulin stained liver biocpsy.

(3) Histological tissue was obtained for the study of liver collagen
content at various ages from individuals dying of sudden death without
historical, clinical or autopsy evidence of hepatobiliary disease, chronic
congestive heart failure, excessive alcohol consumption, exposure to
hepatoxins or infectious agents known to produce long term hepatic injury,
drug abuse, or prolonged medical use of drugs known to be hepatoxic or
potentially hepatoxic. The groups were divided into four age brackets:
16-30, 31-45, 46-60, 60 and older. Autopsy tissue was obtained from areas of
the liver most frequently obtained in 1living patients by (A) percutaneous
needle, (R, L) open wedge, and (D) transjugular biopsy. Needle and wedge
samples were obtained from 4 areas of the liver as illustrated in Figure 4.

A wedge
e needle

SITES
Anterior axillary

Right lobe
Left lobe

Deep peri-venous

FIGURE 4
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Two hundred and fifty thr2e 1ight micrographs darived from 30 tissue blocks .
from 8 normal individuals were studiad. A Hewlett Packard 9864-A digitizer
microcomputer was used to quantitate aresas of trichreme stainable coilagen.
Collagen aestimates varied from .2 to 6.1% (mean = 1.25) with considerable
variation even in different biopsies from the same patient. Subcapsular
biopsies have more collagen than deep biopsies; however, deep biopsies have
more variation in collagen content. Collagen content appears to increase with
age and more in midzonal regions than in portal areas (Table 2).

TABLE 2
PERCENT COLLAGEN RATIO IN
THE VARIOUS LOBULE

, ZONES .

AGE PERICINTRAL PERIPORTAL PERICENTRAL

- “MIDZORAL “MIDZONAL PERIPORTAL
15 11.3: § 3.6:1 l.4: 1
3 2.8: 1 111 2.4: 1
40 2.3: 1 it 1 2.1
1] 1.3: 1 I: 1 1.6: 1
51 ;1 1: 1 1: 1

This increase appears to become detectable in the 4th and 5th decades
(Figure 5).
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Differences in central, mid-zonal and porti833%agen; vary from 0.49 - 0.63
percent in the youngest age group and from 4 - 5.35 percent in the older age
group. This histological data is consistent with the ICG clearances in normal
adults which show a progressive decrease with age. The decreased functional
capacity of normal aging liver may be due to an increased collagen deposition.

(4) Light microscopic assessment of 1liver tissue obtained from vinyl
chloride workers with varying histological lesions was done. In order to
substantiate the ability to identify early histological alterations indicative
of chemical exposure, 93 liver biopsies from 78 individuals were investigated
duplicatively in a double blind manner. These histological lesions included
focal hepatocellular hyperplasia (Figure 6), focal mixed hyperplasia,
sinusoidal dilitation (Figure 7), focal areas of increased reticulum (Figure
8), and focal subcapsular fibrosis (Figure 9). The progressive development of
vinyl chloride liver lesions are illustrated in Table 3.

Thirty-five of these individuals were exposed chemical workers with
hepatic screening test abnormalities, and 13 were exposed workers without
hepatic screening test abnormalities who had had liver biopsies for non-liver
related medical reasons. A group of 30 individuals who were not chemical
workers, who had liver biopsies for nonhepatic-related illness during the same
period of time at the same hospital, were compared. Twenty-three (48%) of the
exposed workers had hepatic lesions consistent with exposure, 17 (35%) had
only focal hepatocellular hyperplasia, and 6 (13%) had focal mixed hyperplasia
or more advanced lesions.

TABLE 3

PROBABLE PHASE DEVELOPMENT OF VINYL CHLORIOE
PRE-CANCEROUS LESIONS

CLINICAL NONE  DIOCHEMGAL PORTAL  SPLENO-  HEPATIC HEATIS CANCER
FINDINGS ABNORNAL  HYPER-  MECALY SCAN PELIOSIS
- TENSION ABNORMAL

-~

: ///’

HISTOLOGICAL  NORMAL  FOCAL PERI-  FOCAL PORTAL AND-  SINUSOIDAL  ANGIO-
FINDNG HEPATOCYTIC  SINUSODAL MIXED CAPSULAR CeLL SARGOMA
-_— HYPERPLASIA FIBROSIS HYPERPLASIA FIBROSIS DYSPLASIA

L T A B B

HISTOLOGICALLY
IDENTIFIABLE

HEPATICYTIC
HYPERPLASIA
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In contrast only 5 of the comparison group had similar findings. Four
(13%) had focal hepatocellular hyperplasia, and 1 (3%) had focal mixed
hyperplasia and sinusoidal dilitation. On subsequent biopsy this individual
was found to have angiosarcoma and a history of using hair spray containing
vinyl chloride as a propellent.

Ten individuals had 28 biopsies reviewed double blindly, and 10
individuals had 23 readings of the same biopsy; 21 of 23 (91%) duplicate
readings and 27 of 28 (96%) muitiple biopsy readings in the same findividuals
were fdentical. Only 18% of the individuals (3 of 17) had either duplicate
and/or multiple biopsy readings which disagreed with their prior biopsy
assessment. Focal hepatocytic hyperplasia, in addition to the previously
described mixed hyperplasia, appeared to be the earliest identifiable change
consistent with chemical exposure. These 1lesions can be consistently
identified and are useful in screening chemical workers for evidence of
chemical exposure.

Chemical exposure histories to 20 different occupational chemicals were
analyzed with regard to the histological findings in the liver biopsy. Portal
tract fibrosis, disruption of the limiting plate, and changes in the limiting
plate of the portal area had a significant correlation in individuals identi-
fied as having histological features of chemical liver injury in contrast to
those who had nonchemical liver disease. A larger percentage of individuais
with histological evidence of chemical injury had higher levels of exposure to
vinyl chloride (Figure 10). Changes in the sinusoidal areas also demonstrated
the highest correlation with vinyl chloride's cumulative exposure rank months,
but not with the cumulat1ve exposure rank months of acrylonitrile, a com-
parison chemical.

INJURY ~ EXPOSURE CORRELATION

AVERAGE
vC EXPrO3URE

CLI~ CHEHICAL LIVER MJURY // z .
LD~ LIVER DiSEASE % ! I v
$0-STANDARD - NORM ’

RATINGS
(+22.5)

PERCENTAGE OF TOTAL

- NN

~ ~ lnsnn
« TN
ENNNNY

Qo

GROUP RATINGS

FIGURE 10
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2glevance to Industry .

These studies demonstrate some highly important and c¢ritical informaticn
regarding documentation of chemical exposure-induced liver injury:

(1) Rapid methods of quantitatively assessing total collagen content in
human liver tissue have been applied. These can provide both retrospective as
well as prospective analysis.

(2) Morphometric analysis of collagen can be performed for clinical pur-
poses from human liver biopsies. This can be automated by using a computer
for large volume work.

(3) The identification of increased liver collagen content with age demon-
strates the need for better standards of "normality" before one can properly
determine whether increased liver collagen is a reflection of chronic injury
that may be work-related.

(4) There are histologically identifiable lesions that are consistent with
chemical injury; these lesions can be separated from those histological
findings of nonchemical liver injury. These characteristic chemical liver
injury lesions are correlated with vinyl monomers, most significantly vinyl
c¢hloride. Therefore, at the present state of knowledge, one can reasonably
determine the presence or absence of significant chemical exposure from the
examination of human liver tissue. The present studies have not demonstrated
any spontaneoys progression in the earliest lesfons, i{.e., focal hepato-
cellylar hyperplasia when found alone. . The present opinion is that lesion
may simply reflect cellular adaptation to chronic exposure while mixed
hyperplasia may indicate a higher risk of future cancer development.
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PROGRAM E

STUDIES OF VINYL MONOMER CHEMICALS AND THEIR METABOLITES USING CHEMICAL
STRUCTURE AND SYNTHESIS IN THE DETERMINATION OF TOXICITY OF THESE AGENTS;
Investigator - J. L. Wong

. Synthesis, Purification, and Utilization of Vinyl Chloride Metabolites in
Mutagenicity and Carcinogenicity Studies

. Detoxification Studies of Vinyl Chloride and Its Metabolites

. Vinyl Chloride Metabolite Detection--Chloroacetic Acid

Background

The mutagenicity of vinyl chloride and its potential metabolites was
studied in detail by a combination of chemical synthetic and microbiological
assay techniques. We prepared and characterized the potential putative
metabolites (chlorooxirane and four forms of chloroacetaldehyde), and Dr,
Uldis Streips of Microbiology conducted the testing of these compounds in the

Bacillus and Saimonella systems.

Since all literature methods for the preparation of chlorooxirane result
in mixtures with contaminants such as chlorine, hydrogen chloride, ethylene
oxide, polymers, etc., it was necessary to develop a method to prepare pure
chlorooxirane.

In order to elucidate the intermediary metabolism of vinyl chloride, i.e.,
the metabolic activation and inactivation steps, to determine the significant
end products of vinyl chloride in body tissues and fluids, the fate of
chlorooxirane, the immediate P450 product of vinyl chloride, was studied using
synthetic chlorooxirane to react with non-protein sulfhydryls.

Another prominent reactive property of chlorooxirane is its facile
rearrangement to chloroacetaldehyde (CAA). In dimethylformamide at 25°C, it
has a half-life of <0.5 min in rearranging to CAA. Therefore, the mechanism
of deactivation of CAA by cysteine was studied. The plausible cyclic pro-
duct--3L-carboxy-2,3-dihydro~1,4-thiazine——may be the precursor of the urinary
metabolites S-hydroxyethylcysteine and S-carboxymethylcysteine.
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As a putative metabolite, CAA is well-known to react with adenine and
cytosine nucleotides. We will demonstrate that CAA can also react with
guanine derivatives at body temperature and physiological pH to yield covalent
products. These products will alter the N-H hydrogen-bonding sites in the
nucleic acid bonds, hence their formation in a biological host may be
consequential in inducing the onset of neoplasia.

Since previous animal studies have not demonstrated chloroacetic acid in
the urines of animals at low exposure levels but have been reported in humans
at higher exposure levels, we intend to develop analytical methodologies which
will help to verify this observation. Such studies may lead to a method of
warning of environmental exposure to humans. The first target metabolite for
analysis was chloroacetic acid.

1. To study the chemistry of vinyl chloride toxicity by identifying the
intermediates of vinyl chloride metabolism and their reactions with
cytoplasmic chemicals.

2. To determine the putative actions of the primary metabolites with
regard to: .

a) the chemical reactions of metabolites, chlorooxirane (COR) and
chloroacetaldehyde (CAA) with sulfhydryls (detoxification).

b) reactions on nucleic acid constituents (mutagenesis and
carcinogenesis).

3. To develop analytical methods to detect a target metabolite-—chloro-
acetic acid.

El. Synthesis, Purification, and Utilization of Vinyl Chloride Metabolites in
Mutagenicity and Carcinogenicity Studies

The detection study of the putative action of vinyl chloride is based on
the hypothesis that such action comes from the modification of the nucleic
acid materials by the primary metabolites COR and CAA, Although CAA is long
known to react with nuclei¢ acid bases such as cytosine and adenine to form
the etheno derivatives, little is known about the reaction of CAA on the most
reactive base, guanine. Our study of CAA with guanine base using analytical
tools such as HPLC, GC-MS and FT-NMR have shown that the guanosine reaction is
enormously complicated.

The hetero-bifunctional alkylating structures of 2-chloroacetaldehyde are
shown below. .

CMA 003066




D= S D2 ~e0y
OH
HoOH : i
acu
Cl-CHeC-0-C-CH -1 ?
OH OH o 9
CICH{~0-~CH,Cl
H H ‘ x;:
C CDFC-0=C-CD, €1 C1=CH,C-OCH,CH,
op 6D OCH,CH"

Studies of their reactivities have necessitated:

a. Synthesis of etheno-modified components of RNA and ONA— angular-
stheno-guanine, linear-etheno-guaning, linear-etheno-guanosine, linear-etheno-
deoxy-guanosine, etheno-adenine, atheno-adenosine, etheno-deoxy-adenosine,
etheno-cytosine, etheno-cytidine, and etheno-deoxy-cytidine. ’

b, Synthesis of acidic hydrolytic products of etheno-modified bases—
2-aminobiimidazole, 2-formamidobiimdazole, El-D-angular-etheno—guanine, and
El1-D-1inear-etheno-guanine.

¢c. Synthesis of alkaline decomposition products of etheno-modified
nucleosides—2-amino-biimidazole nucleoside and 2-formamido-biimidazole nucle-
oside.

d. Synthesis of the deuterated analogues for detailed structyral
study-~8-D-etheno~adenine, El-D-etheno-cytosine, El-D-angular-etheno-guanine,
El-D- etheno-adenine, and El-D-linear-etheno-guanine.

The kinetics of guanosine with CAA at wide range pH value have been
studied with careful pH control. The pK vs, pH plot showed that there are two
plateaus, pMl and pH8, and there is minimum at pH 4.5, From the product
profiles, two different mechanisms can be suggested (Figure 1),

The putative action of vinyl chloride in respect to the physicochemical
properties of the etheno derwatives of cytidine, adenosine, and guanosine is
further studied. The 13C_FTNMR spectroscopic properties are particularly
revealing. B8y means of deuteration and proton undercoupling technique in -
acquiring the carb?n-lfs spectra, the various carbon chemical shifts are
assigned and the 3¢c-14 coupling constants determined. From the latter
data, the conformational preferences of the sugar moiety in the modified
nucleosides are deduced as follows: (1) anti conformation for ethenocytidine
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and (2) syn for etheno-adenosine. Since anti conformation of nucleosides is
necessary for the formation and stability of the helix, the influence of the
etheno bridge on the adenine nucleus in altering the ribosyl group to syn will
impose considerable stress on the DNA chain which might result in biological
damages.

E2. Detoxification Studies of Vinyl Chloride and Its Metabolites

A previous attempt by Gothe et al, to trap the putative metabolites COR
and CAA in vitro from vinyl chloride with 3,4-dichlorobenzenethiol has led to
the identification of the product as 3,4-dichlorophenylthioacetaldehyde. It
was interpreted to be indicative of the formation of either COR or CAA. We
have defined this experiment further., Thus, c¢hlorooxirane in organic medium
reacts slowly with 3,4-dichlorobenzenethiol to form 2-(3,4-dichlorophenylthio)
acetaldehyde as 80 percent of the products. This reaction at room temperature
takes about 7 days. At 60°C the reaction is completed in 21 hours giving .the
same products. (In both cases some disulfide ClaPh-S-S-Ph-Clp and other
unidentified polymeric materials are observed.) The identity of the product
was established by comparison of gas chromatography retention time with an
authentic example, by PMR and by mass spectrum. In aqueous acetone (2:1) or
aqueous acetonitrile (3:1), the reaction 1is much faster. As pH = 4, 55
percent conversion is observed in 15 min. which is the lifetime of COR under
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anotnar addition product, winich was igentifiza oy #¥R ana IR ana its facile
reversion to the starting materials as 3,3-C1;Ph-S-CH{OR)CH,CL. In -
aqueous acetone or aqueous acetonitrile, CAA did not react with the thiol
within 1/2 hour, indicating its Tower reactivity to the aromatic SH group
comared to CCR. These results, combined with the in viirs axparimant Sy
Gothe, have confirmed that chlorooxirane is an obligatory intermediate in the
metabolism of vinyl chloride.

The detoxification of chlorooxirane was also studied in adgueous media at
different pH's. N-Acetylcysteine was used as a typical cellular sylfydryl
compound involved in detoxification. In aqueous solutions at pH4 and 7, their
rzacticn was axtremely fast at room tegperaturs,, yiziging l-ac2tyicystzine-S-
acetaldenyde. It was identified by -+H and '36 NMQ  and characterized as
the Z,4-dinitrophenyinydrazone derivative, This aidenyce is probably the
precursor of the urinary metabolites, S-2-hydroxyethylcysteine and thiodi-
glycolic acid. ,

The reaction of chloroacetaldehyde with N-acetylcystzine under controlled
pd conditions in aqueous medium at O C produced an intarmadiate compound.
Upon warming up the reaction mixture to room temperature, our previously
identified thiazene was isolated as the final product. In order to elucidate
the stepwise formation of the thiazene, N-acetylcysteine methyl ester was
allowed to react with chloroacetaldehyde in chloroform at 0°C. The {initial
product, plausibly the hemithioacetal H3C0-CO-CH-(NHCOCHq)CH)S-CHOH-CHCL,

eliminated HCl upon neutralization with aqueous sodium hydroxide to produce
the corresponding epoxide H3COCOCH(NHCOCH3)CH25-CHO-CHp, This structural
assignment is supported by its PMR spectrum. Furthermore, when this epoxide
was extracted into chloroform, it rearranged to the S-acetaldehyde H3COCOCH-

(NHCOCH3)CH2-S?CHZCH0, jdentified by its pmr spectrum and by comparison with
that formed from the reaction of N-acetylcysteine with chiorooxirane.

Even though chlorocoxirane and chloroacetaldehyde eventually give the same
final product with N-acetylcysteine, the rate of reaction and the inter-
mediates in the two reactions are different. The chlorooxirane conjugates
instantaneously with the sulfhydryl compound, while chloroacetaldehyde takes
about 2 1/2 hours for a comparable reaction.

The comparative study of the reaction of chlorooxirane and chloroacetal-
dehyde with sulfhydryl compounds can now be summarized in the followtng
react;on pathways with cysteines (unmodified, N-acetyl, and N-acetyl-methyl -
ester):

CMA 003069




72

v7’ Cl
: 0
X-NH-CH=-COOR ——>> X-NH-CH-COOR AEE—
éstn CH,-$~CH,CHO
g
C1-CH,CHO T (“]’ COOR
: S
X-NH=CH-COOR —> X-NH-CH-COOR
CH.,-S-CH-CH.CL CH.,S-CH-CH
27T M 2 ‘oF 2
X=H, Ac
R=H, Me

Although both routes are converged to yield the cysteine S~acetaldehyde con-
jugate, their reaction rates are vastly different. In general, chlorooxirane
completes its reaction within an hour while chloroacetaldehyde requires over-
night. These chemical observations can be applied in (1) specific assays for
the two putative metabolites in cellular studies of vinyl chloride, and (2)
detoxification mechanism of cells exposed to the vinyl carcinogen.

£3. Vinyl Chloride Metabolite Detection -~ Chloroacetic Acid

The methodology includes gas chromatography and mass spectrometry. Gas
chromatography results are as follows. Solid supports containing Carbowax and
FFAP 1iquid phases have been used for direct analysis of carboxylic acids,
Accordingly, 20 percent FFAP on chromosorb W passes chloroacetic acid at 200
with modest tailing of the peak. However, with this simple column, sensi-
tivity is limited to concentration ranges of 0.2 - 2 mg/ml Hp0 (200 - 2,000
ppm). Application of the improvements reported by Ackman (use of porous poly-
mer solid support and use of formic acid in helium carrier gas) is expected to
improve sensitivity by 100 fold.

Identification of chloroacetic acid by mass spectrometry was carried out.
Chloroacetic acid can be identified by mass spectroscopy of water solutions as
dilute as 0.02M (2mg/m1). The 2 doublets of peaks at m/e 49, 51 (35CICH 2"
and 37C1CH2*) and 50,52 (35C1CH3® and 37CICH3%) are distinctive because rela-
tive intensities within each doublet reflect the 76:24 isotopic ratio of

35¢1:37C1., Thus, the GC-MS combination technique should be most useful in
the detection of the above.
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Relevance of Industry

Broadly speaking, this is a study for early detection and prevention of
industrial cancers. OQur chemical methodologies (synthesis, structure, and
analysis), aplied as an integral part of the multidisciplinary approach,
contribute to elucidate specific molecular events in the effects of vinyl
monomers on industrial workers. This information will form a rational basis
for safer use of chemicals and design of preventive measures. Our molecular
studies also provide the opportunity to develop useful marker(s) in the form
of metabolites in the pathogenesis of chemical injury.
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PROGRAM F

ASSESSMENT OF ASSAYS FOR THE CARCINOGENIC POTENTIAL OF INDUSTRIAL
CHEMICALS USING PROKARYTOIC AND EUKARYQOTIC SYSTEMS. Investigators; U.N.
Streips and G. Sonnenfeld '

F1. Bacterial Assays for Testing Carcinogenicity and Mutagenicity of Indus-
trial Chemicals.

Background

Our laboratory had instituted Salmonella reversion, Bacillus subtilis
repair, and Bacillus subtilis forward mutations assays for screening the
mutagenic potential of chemicals (1-3). For that reason we became an integral
part, first, for B. F. Goodrich, then for the Manufacturing Chemists
Association sponsored projects on industrial chemical risk assessment.

Objective

1. To screen a series of industrial and environmental - hea]th-re]éfed
chemicals for mutagenic potential.

2. To initiate with Dr. G. Sonnenfeld a rapid mammalian assay to better
predict human-related bacterial chemical activity and carcinogenic
potential.,

Research Results

In our previous progress reports we have documented the work which
delineated the involvement of chloroacetaldehyde and chlorooxirane as the
probable active components of vinyl chloride-mediated carcinogenesis. In
addition, we screened a multitude of other chemicals generated by Or. John
Wong (our collaborator in this study) or by other investigators in the
university or industry (1-3). This is documented in Table 1. Recently, in
collaboration with Dr., Gerald Sonnenfeld, a new, exciting, potential screen
for carcinogens was developed (4,5). This involved the inhibition of inter-
feron induction and was specific for several carcinogens (including chloro-
acetaldehyde) but not for non-carcinogenic analogues (including some muta-
gens). It should be illustrative of some of the molecular mechanisms of
carcinogenesis attack on susceptible cells. We continue to develop this
system even though our support from CMA has ended (6-8).
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To further elucidate molecular mechanisms of carcinogenesis, in
collaboration with John Wong, we inititated a study of DMA-interaction with
carcinogens, and with Ron Doyle, control of cell division processes in
bacteria. Progress in this area has allowed us to secure a grant from the
National Science Foundation to carry on with the work. Soon, we will be a91e
to describe the cellular controls which maintain proper cell division "in
bacteria, then relate these findings to mammalian cells. At that time, we
will be able to examine carcinogen attack on these processes and determine
which events lead to loss of cell division control and neoplastic growth.
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Support from the (MA has been instrumental in generat1ng and maintaining
research activity in our laboratory relating to carcinogenesis and cell cycle
events. We deeply appreciate this support.

Relevance to Industry

With the tremendous number of chemical formulations generated yearly, a
battery of rapid screens are crucial for examining the environmental and
health-related impact of these chemicals. A regional laboratory can do such
screening effectively and economically as shown by the results previously
described., In addition we have demonstrated that such research also leads to
innovation in terms of new assays (the interferon assay), and related research
(the studies on cell division). Industrial support also has led to other
granting. Valuable mutagenesis information has been provided to industry
regarding crucial chemicals. In turn, industry has provided us with the
opportunity to expand and solidify our research efforts. The interaction has
been optimal.

F2. Preliminary Studies on the Use of Inhibition of Interferon Induction as
an Indicator of Mutagenicity and Carcinogenicity of Chemicals

Background

. Interferon, which was originally described as an antiviral agent, has
since been shown to have several other activities, including an antitumor
activity (9). Clinical trials are now in progress to determine the efficacy
of interferon as an anti-cancer agent (10).

We became interested in the interactions of carcinogens, or cancer-
causing substances, and interferon. Early studies by DeMaeyer and others
suggested that there was indeed an interaction between carcinogens and
interferon induction (11-13). Pretreatment of rat embryo fibroblasts with the
carcinogens triethyleneamine, 4-nitroguinoline-N-oxide, benzo-(a)-pyrene, and
3-methylcholanthrene all inhibited the induction of alpha-beta interferon by
viruses, without affecting the gross viability of the cultures or the
replication of the viruses (11-13)., Several poorly or noncarcinogenic
analogs, such as benzo-(e)-pyrene, had no effect on the production of
interferon (11-13). The effect was observed after only one day of incubation
of very small amounts of carcinogen with the tissue cultures, In addition,
Hahon and co- workers have shown that incubation of cell cultures with various
forms of aflatoxin also inhibited the induction of interferon in the cultures
(14). In this case, the degree of inhibition correlated with the in vivo
carcinogenic potential of the aflatoxin form (14). Asbestos fibers and coal
dust have also been reported to inhibit interferon induction in tissue culture
(15,16). In vivo, injection of methylcholanthrene into mice inhibited the
induction of alpha-beta interferon (17). These results created an interest in
our laboratory to further study this phenomenon.
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inhipited intarferon induction.

2. To begin studies to determine if effects on interferon induction
could be used as a reliable indicator of carcinogenic potential of
chemicalg,

3. To study the mechanisms of the observed effects.

Raesearch Resylts

Qur first step was to establish the systam in a mouse culture model,
sinc2 thnis was more aeogropriate to current inzarferen tecnnology.  Mouse
embryo tissue cultures were preparad, treated with carcinogen or analogue for
24 hr., washeg with fetal bovine serum-containing medium and with serum-free
medium to help remove carcinogen, challenged with an interferon inducer
(either Newcastle disease virus or poly [:C), and then assayed for antiviral
activity. Earlier data was able to be duplicatad and those findings
extended. Several known carcinogens including 7,12-dimethylbenz-(a)-anthra-
cene, benzo-(a)-pyrene, 2-aminofluroene, aflatoxin-81 and the #4 fraction of
tobacco smoke condensate all inhibited interferon induction (5). Styrene
oxide, an important industrial chemical which was positive in the Ames Salmo-
nella assay but negative in all Bacillus assays done to date (11),” also
inhibited {nterferon induction. Tthy! methanesulifonate (EMS) and methy!
methanesulfonate, differ with respect to their carcinogenic potential as
determined by tumor induction (18,19). MMS is a mutagen and highly carcino-
genic, while EMS is a potent mutagen but rarely carcinogenic. In our assay,
MMS strongly inhibited alpha/beta interferon induction, while EMS had no
effect. Additional studfes in our laboratory extended these findings to the
potent carcinogen chloroacetaldehyde and its noncarcinogenic analogues chloro-
ethanol and chloroacetic acid (4). Only chloroacetaldehyde inhibited inter-
feron induction.

An additional finding of interest was the apparent requirement for
activation of carcinogens before they could inhibit interferon induction. In
a preliminary study, we were able to show that addition of reduced glutathione
to our cultures blocked the inhibition of interferon induction by benzo-(a)-
pyrene (4). Reduced glutathione can block the active metabolites of
carcinogens (20), which suggested that these active metabolites were required
for the effects of benzo-(a)-pyrene on interferon induction.

/

Relevance to Industry

We believe these studies to be highly relevant to the chemical industry
because: 1) the studies yielded information on the effects of toxic chemicals
on the interferon system, an important body defense against cancer, and 2) the
studies may eventually lead to a new assay system for discriminating between
carcinogenic and noncarcinogenic chemicals,
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PROGRAM G

THE STUDY OF TISSUE ANTIGENS AND ANTIBODIES IN THE DETECTION OF VINYL
CHLORIDE INJURY; Enrique Espinosa, M.D.

. The Study of Tissue Antigens from Liver Tumors, Angiosarcoma, and
Hepatomas.

. Circulating Antigens and Autoantibodies in Vinyl Chloride-Associated Liver
Disease

Background

In hepatic fibrosis and angiosarcoma associated with vinyl chloride
exposure of industrial workers, manifestations of the disease could not be
detected in most cases until the process was far advanced (1). Normal values
of liver function tests were reported in a case with significant vinyl
chloride hepatic fibrosis (2), and only a small percentage of workers of a
plant unit where 7 cases of liver angiosarcoma were diagnosed had abnormal
blood screening tests (3). Thus, conventional liver function tests do not
appear to be sensitive indicators of vinyl chloride liver disease. Develop-
ment of more sensitive and specific methods for detecting the disease in early
stages would be of great importance. An approach to this may be provided by
antigenic studies in view of the tissue antigenic modifications which are
known to occur in neoplasia. For example, in human carcinoma, loss of
antigens have been reported in squamous cell carcinoma (4,5) and in ovarian
carcinoma (6,7), loss of the ABH blood group isoantigens in some solid tumors
(8,9), and of HL-A isoantigen in lymphoma (10). Also, tumor-specific trans-
plantation antigens have been demonstrated in a number of experimentally
induced tumors (11-14) as well as tumor-associated antigen in spontaneous
tumors in man (e.g. 15-18). In such an antigenic study of liver angiosarcoma
the question arises whether the fibrotic and angiosarcomatous livers contain
antigens that are quantitatively or qualitatively different from those present
in normal tissue and whether such changes could stimulate an immunologic
response. If such hypothetical changes are demonstrable and proved to be
gpecific, they may be of use in diagnosis of vinyl chloride related liver

isease.

Objective
1. To test for liver antigenic changes in a) angiosarcomatous liver

tissue, b) chemically-induced hepatomas, and c) cultured human liver
carcinoma cells.
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To test for abnormal serum antigens and autoantibodies in patients
with-histories of vinyl chloride exposure including individuals with
liver angiosarcoma, liver dysfunction with fibrosis, and with normal
liver function tests, Antigens studied included liver specific
antigen (LSA) (19), and F-antigen (20,21), tissue antigens of wide
organ distribution (22,23), and bile antigens (24). Autoantibodies
were to nuclei, mitochondria and smooth muscle. Patients' sera were
also tested by immunofluorescence for possible reactivity with rats
exposed to vinyl chloride (25).

Research Results

1. Liver antigenic changes

a) angiosarcomatous liver tissue

Liver angiosarcomatous tissue was analyzed in this work for presence of
neoantigens, normal tissue antigens and tumor bound immunoglobulins. Several
normal tissue antigens were found by immunodiffusion to be present in the
tumor. These included the previously described liver-specific antigen, (LSA)
(19) and antigens which are shared with several tissues (22,23). In addition,
a tumor associated protein antigen and a glycoprotein liver antigen found. to
be absent.in angiosarcoma were identified and characterized (25).

Tissue distribution of liver angiosarcoma related antigen is shown in
Table 1. Preparations containing tumor associated antigen were found to
inhibit lymphocyte transformation tests in vinyl chloride workers suggesting
that these workers have a decreased lymphocyte response to these preparations
(26). Further, antigen coagulation Factor VIII was detected in the angio-
sarcoma cells, pointing to an endothelial cell origin of the tumor (25).
Finally, immunoglobulin G bound to the angiosarcomatous tissue was demon-
strated by immunofluorescence and elution experiments suggesting antibody
stimulation by the tumor (25).

¥ABLE 1
TIIUE DISTRINUTION OF LIiVER
ANGIOBARCOMA-AELATED ANTIORN

TISSUR EXTRACT .
ANGIORBARCOMA-ANLATED ANTIGEN®
USED AS ARSORBENT

Liver swgisas resms
Liver
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Splens

Lung

Antiangionarcoms serum wae aboorbed with lyephilizsed tlasne
extracts, 100 mg/mi, sad twoted againat angievs reame antract.
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In studies performed with the fast growing and undifferentiated
chemically-induced Merris hasatema 7777, 2 livar antiqens were found to ba
absent. These antigens were characterized and partially isolated. In studies
of their occurrence in other tissues, one of these antigens (Antigen [) was
snown to De present in kidney and spleen in addition to liver. The secord
antigen (Antigen II) was detected only in liver. Antigen II was found
unrelated to liver-specific F-antigen, differing in a number of properties and
in immunologic reactivity.

In studies of their suoceiiular distribution in normal liver, Antigen I
appzarad localizad in cytosol {3e%) and mitochondrial (38%) fractions.
Antigen II was about equally distributed in cytosol, mitochondria and nuclei
fractions with little amounts in microsomes. Antigen [ has a electrophoretic
mobility in immunoelectroohorssis close to that of serum gamma-globulins and
Antigen [l to that of serum alpha-globulins. The two antigens were completely
inactivated with Pronase indicating that both antigens are proteins or protein
associated. Both antigens were relatively thermolabile; they were partially
inactivated following incubation at 56°C and completely inactivated at higher

“temperatures. Both antigens were completely inactivated when incubated in pH
buffer lower than 3.5. In Sephadex-G200 gel filtration, Antigen [ behave
like a protein of approximately 51,000 Daltons, using as standards serum
albumin, ovalbumin, chymotrypsinogen and ribonuclease. The molecular size of
Antigen II (determined on a Bio-gel ASm column) was approximately 240,000
Daltons, using aldolase, catalase and ferritin as markers.

The two antigens were found in the more differentiated and siower growing
hepatomas 5123tc and 9618A at about the same concentration as normal liver,
The fact that hepatoma 7777 is the fastest growing and least differentiated of
the tumors studied suggests a possible functional relationship between the
absent antigens and these properties (28). These antigenic deletions may be
used as indicators in the early detection of liver tumors and in the
evaluation of the rate of growth, histologic differentiation and metastatic
properties of such hepatomas.

Another liver constituent which may serve as a sensitive indicator of
chemically-induced liver tumors, liver-specific F-antigen, was studied. In
studies on the behavior of this antigen in Morris hepatomas, it was found that
different types of these chemically-induced tumors have quite different levels
of F-antigen.

F-antigen appeared to be absent in the fast growing hepatoma 7777. In the
slow growing hepatoma 9618A, the concentration was very low ranging from less
than 2% to 10% of the normal liver concentration. The medium growing
hepatoma, 5123tc, highly metastatic, had about twice the concentration as
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normal liver. F-antigen of hepatoma 5123tc and of “no¥dt®1iver were found
localized in- the cytosol subcellular fraction and were determined to be
immunologically identical and to have equivalent electrophoretic mobility and
molecular weight (29).

Since the antigen was undetectable in the fast growing hepatoma and
undetectable or very low in the siow hepatoma, the level of F-antigen does not
appear to correlate with the rate of growth of these tumors. A possible
relationship between metastatic properties and F-antigen is now being
considered because the hepatoma with the increased concentration of F-antigen
was by far the most highly metastatic. This may prove useful in treatment of
tumors.

¢) cultured human hepatoma cells

In studies on cultured human liver carcinoma cells (after establishing
optimal conditions required for the maintenance in serum free media of
PLC/PRF/5 human liver carcinoma cells) it was determined that these hepatoma
cells, similar to the experimental Morris hepatoma 7777, are deficient in
liver-specific F-antigen. Nevertheless, these cells, 1ike normal liver cells,
produce serum albumin, fibrinogen, transferrin, alpha-1 antitrypsin and
alpha-2 macroglobulin as  shown by immunodiffusion (30,31) .and
immunofluorescence (32). These data add further support to the clinical
observation that tissue antigens are more useful for treatment and follow-up
care than screening and early detection, and that antigenic deletions may
prove useful in early screening.

2. Abnormal Serum Antigens and Autoantibodies

Serum autoantibodies to nuclei, mitochondria and smooth muscle were
negative in all patients examined. In addition, serum from these patients
did not show reactivity with liver from rats exposed to vinyl chloride.
Liver-specific antigen LSA (19), bile antigens (24) and other tissue antigens
ggs 23) associated with liver damage were not detected in these patients

Relevance to Industry

These studies are relevant to chemical industry in view of the evidence
provided showing important changes in the levels of angiosarcomatous liver-
antigenic components in association with vinyl chloride exposure. Deletion of
liver antigens were also demonstrated in chemically-induced hepatoma. In
addition, these observations may eventually prove useful in the development of
new approaches for screening of chemical-associated tumors.
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PROGRAM H

THE ‘USE OF [ISOLATED MAMMALIAN LIVER CELLS FOR THE STUDY OF CHEMICAL
MONOMER METABOLISM; Investigator, R. C. Feldhoff

H1. Isolation of Mammalian Liver Cells for the Study of the Metabolism of
Chemical Monomers

H2. The In Vitro Study of Albumin Synthesis by Liver from Human Biopsies

Background

Presently there is no simple or even complex method to assess the
functional capability of the human liver to handle exposure to various
chemicals and/or their metabolites. In general, the rat has proven to be the
most useful experimental animal for studying hepatic metabolism.  Perfused
liver slices and isolated hepatocyte systems have been developed to better
study the interrelationship and to control the myriad processes of liver
metabolism. In the perfused liver the architecture of the organ is preserved
but separated from. other body influences. Newer in situ techniques allow the
liver tissue to never be without a supply of oxygenated red cells. The same
technique can also be used to prepare isolated liver cells enzymatically.

The intact liver consists of at least four cell types, whereas isolated
liver cells are nearly homogeneous in population. These cell suspensions
provide technical advantages in that a number of conditions can be tested at
one time and many uniform serial samples can be collected. Preliminary
investigations were therefore done to determine whether the human liver biopsy
material can function in a manner equivalent to liver slices and whether these
tissues would demonstrate similar findings to those of isolated cell
suspensions, If this technique were made functionally feasible it could then
be used to study the metabolism of xenobiotics using viable human liver tissue
in an in vitro manner.

Objective

1. To determine if an in vitro adaptation could be developed which would
utilize animal/human biopsy material for assessing the functional
capability of human liver cells. Protein metabolism has been used as
the standard indicator and criteria for comparison
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Rasaarch Results

Qur first step was to verify the clinical and biochemical conditions
needed for handling human liver biopsy material obtained during routine medi-
cal procedures. Appropriate assay conditions are being determined to 15s2ss
the functional capability of the liver at the time of the biopsy to synthesize
retained and secreted protein. At the same time, the biopsy's histopathology
will be assessed and correlated with the biochemical data. The technique used
to study both protein synthesis and secretion is shown in Figure 1. The his-
topathology is illustrated in Figure 2.
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The initial experimental studies utilizing liver perfusion and the isola-
tion of hepatocytes techniques provided the hepatocytic and nonparenchymal
cells for Du and Tamburro's study of the oxidizing and detoxifying capabili-
ties of these cells. Subsequent experiments have been used to quantitate the
intracellular albumin synthesis, the rate of albumin secretion by the use of
specific antibody fractions available for human and rat albumin, [Initial
results are illustrated in the rocket immunoelectrophoresis patterns from rat
liver biopsy study (Figure 3) and the amino acid analysis is seen in Figure 4,
The technique for liver cell identification after cell separation by the
perfusion technique is illustrated in Figure 5.

17 S vase dea sntm —_ y
i . “A&I;f.hfillf " ’”'__‘_,',_M"“'" [ L "7 Jm”
¢ . . - . s

da

T s e s ety 3 S r g,
e it 2% Ry

aﬂ
*

S~ " FEY |
SLIRIRITINF
LR KBS R T T

g
e
gy

P EL
n ), :.;..
ddde

FIGURE 3 i e ; Jotng Jates ” LME Aam i t1stmemnnd Voot forms pamty.

CMA 003087




.......................

N T

Csdtad AL e7 Ao

Ry s ik { .
G R R IREE
I DS I I L
' ‘,:"'E KRS .1 L] 1
R S NN
Aot Ly, by
N RN i
;!".‘V',,: 1
! "‘! i‘“;'_ 1k
o (R I w R
W R | I
e
e
i T
. /\":.'!Ei': o : .
FIGURE 14 . "|h.‘1~J:. it .,.
ettt IR T W
TECHNIQUE FOR HEPATIC
CELL TYPE IDENTIFICATION
MARKER CELL TYPE
INCUBATION 1 3HT/3Hu DNA/RNA
2 ur. 379% ALL CELLS
2 LATEX/ 73
CARBON/FE
3 PACTOR VIII EC
FLUORESCENCE
MOD. EAGLES @3 4 3n proLINE/ B
MEDIA VIT A
FIGWRE 5 FLUORESCENCE

Relevance to Industry

Although this study was a last year addition to our initial proposal, it
has provided the preliminary exploration into the adaptation of highly
sophisticated laboratory techniques to human tissue in an in vitro system,
While the work of these studies is still developmental, it provides promise
for future clinical use. Such use could include determination of an indi~
vidual liver's ability to oxidize and detoxify xenobiotics. The degree and
nature of liver cellular injury or impairment could be determined in a
quantitative biochemical fashion, and could be directly correlated with
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morphological findings. These techniques could be also used to determine the
degree of biochemical adaptations of the human tissue in individuals who have
been exposed to xenobiotics. Finally, these methods could, on sequential
biopsy, provide clinical information regarding whether these alterations
persist or revert back to a normal state.

Although this is a very futuristic attempt to adapt presently developed
methodology, it does accurately reflect the direction in which clinical
research should be directed in order to better assess the human capability of
sustaining environmental changes.
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PROGRAM 1

THE STUDY OF TISSUE DISPOSITION OF INDUSTRIAL CHEMICALS: THE VINYL
CHLORIDE EXAMPLE; Investigators - W.J. Waddell and C. Marlowe

. The Use of Whole Body Autoradiography in Specific Tissues. Localization
of Accumulated and Retained Industrial Chemicals and Their Metabolites

Background

Vinyl chloride has been c¢lassified by regulatory agencies as a
carcinogen. Chronic exposure of workers to this carcinogen has resulted in
angiosarcoma of the liver, as well as other tumors (Creech and Johnson,
1974). Several types of tumor also are observed after vinyl chloride exposure
to animals (Maltoni and Lefemine, 1974). How or why these various body sites
developed tumors was unclear. The need for methods which more accurately
identify the sites of localization of chemical agents and their metabolites
has obvious importance. The use of whole body autoradiography to identify the
rltimate location of radioactively tagged chemicals was studied utilizing

C-vinyl.chloride.

Objective

1. To determine the sites of localization and retention of the
metabolites of vinyl chloride in mice.

Identification of the tissues of localization should help elucidate
the mechanism of carcinogenic action of vinyl chloride.

Research Results

The sites of localization of radioactivity in tissues of the mouse
following exposure to !4C-vinyl chloride were studied by the technique of
whole-body autoradiography (Waddell and Marlowe, 1977). Male CD-1 mice
purchased from Charles River, weighing 25-31g., were exposed to '"C-viny)l
chloride -in room air in a seal%d chamber for 3 hours. The radioactive vinyl
chloride was synthesized from !4C-ethylene dichloride (New England Nuclear,
Lot a1194-143, specific activity 3.2 mCi/mmole) immediately prior to exposure
by the method of Wagner et al. {1975). The initial concentration of the viny!

chloride was 50 ppm with a specific aiSivity of 1.84 mCi/mmole. At the end of

the 3 hour exposure of the mice to '"C-vinyl chloride the mice were removed
to room air. Twenty minutes, 1, 3, 9 or 24 hours after removal of the mice to

CMA 003090




93

srnmoaieloromrmzronan Beiafly anes:ngs*‘.zed with ether and szacrificad :,‘
feczzio- Tooxozc, iz uzizns bath at -73°C.

T grzgiraticn of the radioactive vinyl chloride, exposure of the mice to
this isotsoic gas, and the sacrifice of the mice were done in collaboration .
with Or. william T. Stott at Dow Chenical in Midland, Michigan. A1l remaining
prccedures were performed at the University of Louisville,

Wnole-pody sagittal §ections of the mice, 20u- and 40u- thick were taken
onto Scotch tape at -20 C. After freeze-drying, these sections were placed
agajnst Kodak AA X-ray film and allowed to expose in light-tight containers at
-14°C for 6 to 39 weeks. The sites of Tocalization of all nonvolatile metabo-
lites of vinyl chloride were visualized in the developed X-ray film (auto-
radiograph) and reveals the in vivo disposition of these metabolites at the
time of cacrifice of the mousa. These procedures for wiole-dody autoradi-
ography, first dascribed by Ullberg in 1954 do not ailow thawing or contact
with any solvents. Thus, there is no translocation nor loss of radio-
activity, A complete description of these procedures have been published
previously (Waddell and Marlowe, 1977).

Representative autoradiographs from each mouse were used as negatives to
produce the prints included with this report. Therefore, white areas in the
prints represeqt the sites of radiocactive accumulation of the nonvelatile
metabolites of !4C-vinyl chloride.

The highest levels of radiocactivity in the mice sacrificed 20 minutes an
1 hour after removal from the !4C-vinyl chloride environment were observeb
in liver, pancreas, kidney, intestinal contents, urine and bile (Figures 1 and
2). Additional sites of localization of radioactivity in the l-hour animal
were thymus, thyroid and seromucous glands (Figure 2).

The concentration of metabolites in the organs of excretion decreased
continually over the 24 hour period (Figures 3-5), By 9 hours after removal
from the vinyl chloride, thymus, Harder's gland, epithelium of the esophagus
and intestine, urine and sublingual gland retain the highest Tlevels of
radicactivity; moderate concentrations of radioactivity were observed in
liver, kidney and intestinal contents (Figure 4). After 24 ‘hours the primary
organs of retentions of radioactivity were thymus and Harder's gland; some
radioactivity could be visualized in liver and in esophageal and intestinal
epithelium (Figure 5), Figure 6 shows the relative concentration of
nonvolatile matabolites in the cortex and medulla of the thymus at the
earliest and latest time intervals studied. Twenty minytes after removal from
the vinyl chloride, the concentration of radiocactivity in the thymys was only :
slightly increased above that of blood (Figure 1 and 6); however, by 1 hour -
the thymus showed the highest uptake of radiocactivity in the bedy (Figure 2)
and remained the highest throughout the 24 hour period (Figures 2 - 6).
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I4_VINYL CHLORIDE; 20 MIN AFTER REMOVAL

BRAIN  THYMUS LUNG  LIVER  ADRENAL KIDNEY PANCREAS

CONTENTS OF STOMACH AND INTESTlNE

A prin: of a whole~body autoradiograph from a male CD~1 mouse which vas exposed for ) hours co
chloride environmenc.

NASAL EPITHELIUM BLOOD

Figure 1l:
4C-vinyl chloride and then frozen 20 minuces after removal from che viayl
White areas cortrespond to radiocactivicy.

14c_VINYL CHLORIDE; | HR AFTER REMOVAL

URINE

LUNG _ LIVER __ PANCREAS

BLOOD

THYROID

SEROMUCOUS GLAND

LLITTITIENT]

IALLLLETTITTTYPN

CEESERNENNRNSENERANELNINDERII g

MINOR AND MAJOR SAL!VARY GLANDS THYMUS BILE CONTENTS OF INTESTINE

Figure 2: A print of a whole-body autoradiograph from a male CD-1 mouse whigh vas axposed for 3 hours to
C-vinyl chloride and then frozen 1 hour after removal from the vinyl chloride environment.

Whice areas correspond to radloactivity.
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MeviNiL CHLORISI; 3 HR AFTIR RInCVAL

vy am e g [l W 7212383~ r—
HAGCER'S GLAND  PARATHYRCID  3L0CD PANTSZRS LIDMZY URIS

SEROMUCOUS GLAND™ THYMUS LIVER CONT

TS OF STOMACH AND INTESTINE

Figure 3: A princ af a whole=body autoradiograph fram a male CD=1 mouse which vas e¢xposed for 3 hours to

*C-vinyl chloride and chen frozen 3 hours after removal {rom the vinyl chloride environment.
Whice araas correspond to radioactivity.

14c .VINYL CHLORIDE: 9 MR AFTER REMOVAL

T L B v

LINGUAL MUCOSA THYMUS BLOOD GASTRIC MUCOSA WALL OF INTESTINE URINE

Figure 4: A princ of a whole~body autoradiograph frum a sale CD=i mouse wiich was uxposed fae ) hours to
léCaviayl chioride and then frozon 9 hours afcar removal from the visyl-Ghloride savironmenc.
Whice areaa correspond o radlocactivity.
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THYMUS LIVER
Figure 5:

&aprint of a wvhole-body autoradiograph from a male CD=1 mousa vhich was exposed for J hours to

C-vinyl chloride and then frozen 24 hours after removal from the vinyl chloride environmenc.
White areas correspond to radivactivity.

14c_vINYL CHLORIDE

20 MIN AFTER REMOVAL

al®

24 HR AFTER REMOVAL
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CORT AND MEDULLA OF THYMUS
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CORTEX AND MEDULLA OF THYMUS

Prints of the thymus areas of whole=body autoradiographs from male CD-1 mice which were exposed
to

“Cavinyl chloride for 3 nours and then frozen 20 minuces or 24 hours after vemoval from the
vinyl chloride environment,

White areas correspond to radicactivity. Note the high retencion
of the nonvolatile metabolites in the cortex of che thymus after 24 hours.
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ne niza concantraticon oF nonvg aoiites of viryl chlorida ratzines
in tne thymus aftar 24 hours suggésts that there is covalent binding of these
‘metabolites to molecules in the thymus. It is possible that these motecular -
interactions in the thymus could have an effect on the immune system. The

high concentration in the thymus may be involved in the stimulation of the
irmune svstem in mice seen by Sharma and Gehring (1979) apd in tha radustian

in peripheral T-lymphocytes seen in man by Ward et al. (1976).

t
-
|

Vinyl chloride may exert its'carcinogenic action by a dual mechanism. [t
may suppress the dimmune surveillance system mediated by the thymus and
concurrently damage several tissues including the liver.

Palavanza 40 Industry

Whole-body autoradiographic studies on the biological disposition of
industrial chemicals offers the most thorough approach to the study of the
interaction of these chemicals with tissues in the body. Knowledge of these
tissue interactions allows predictions of potential toxicity or, conversely,
to a lack of toxic effect if the chemical is rapidly and completely eliminated
(Waddell et al,, 1977). When chemicals are retained in specific tissues as. in
the case with vinyl chloride, the tissue of retention gives an indication of
possible mechanisms of toxic action. Vinyl chloride appears to be having a
toxic effect on the immune system; the direct evidence for an interaction of
the chemical with this system was not available until these studies were done.
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Evidence for Endothelial Cell Origin of
Vinyl Chloride-Induced Hepatic

Angiosarcoma

H. PHILIP FORTWENGLER, JR., DOUGLAS JONES,

ENRIQUE ESPINOSA, and CARLO H. TAMBURRO
Department of Medicine, Division of Digestive Dissases and Nutrition, Department of
Pathology and Cancer Center, University of Louisville School of Meditine, Louisville,

Kantucky

Previous reports of hepatic angiosarcoma have not
clearly defined the cellular type from which this tu-
mor arises, as evidenced by the terminology of endo-
thelioma, Kupffer cell sarcoma, endothelial cell sar-
coma, and hemangioendothelial sarcoma, etc.,
which have been used interchangeably. In addition,
there has been no consensus on the separate entity
of Kupjfer and sinusoidal endothelial cells. In the
work presented here, evidence for the endothelial
cell origin of this tumor is provided by the demon-
stration of factor VIII, a known endothelial cell
marker. in the tumor cells. Fluorescence due to the
presence of factor VIII appeared intense in the tu-
mor sinusoidal cells of all four vinyl chloride-associ-
ated angiosarcomas studied, whereas normal liver
sinusoidal lining cells showed negligible fluores-
cence.

Hepatic angiosarcoma has been associated with ex-
posure to thorotrast (1), arsenic (2), androgenic-ana-
bolic steroids (3), and vinyl chloride (4). However,
most cases are of undetermined origin. Regardliess of
etiology, earlier studies (3-8) made no clear dis-
tinction between endothelial and Kupffer csils, and
gave various histologic designations to this type of
tumor, e.g., hemangioblastoma, Kupffer cell sar-
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coma, angiosarcoma, and endothelioma (9), thus
raising the question of its true cellular origin. This
question is of particular current interest in view of
recent findings by electron microscopy which
clearly support a distinct origin for Kupffer and
endothelial cells (10), as well as indicating the ab-
sence of endothelial cell to Kupffer cell transition
(1.

Factor VIII, a coagulation factor, was shown by
Hoyer et al. (12), to be present in endothelial cells,
megakaryocytes, and platelets. In the work pre-
sented here, using immunochemical evidencs, the
presence of abundant factor VIII in proliferating si-
nusoidal lining cells of angiosarcomatous liver tissue
is demonstrated; it supports the endothelial eell ori-
gin of vinyl chloride-associated angiosarcoma,

Materials and Methods

Hepatic tissus studies were conducted in eight in-
dividuals—thres with hepatic angiosarcoma related to
heavy vinyl chloride exposure as production workers, one
hepatic angiosarcoma associated with vinyl chloride used
as hair spray propellant, and four normal subjects (trau-
matic death with no liver injury) who were usad as con-
trols.

Raagents. Purified human factor VIII was pro-
vided by the Louisville Red Cross Blood Center. Corre-
sponding antiserum prepared in rabbits was from Behring
Diagnostics (American Hoechst Corp., Somerville, N.J.). A
single precipitin line in immunoelectrophoresis was seen
with this material when tested against human plasma and
purified factor VIII. Fluorescein-conjugated goat anti-
serum to rabbit IgG (GARI) was obtained from Meloy Lab-
oratories, Inc. (Springfield, Va.).

Tissue specimens. Both normal and hepatic angio-
sarcoma tissus were obtained at postmortem examination
within 30 min to 8 h of death. Portions of normal and tu-
mor tissues were processed for standard histologic and
immunofluorescent staining.

Immunofluorescence techniqua. Frozen sections (8
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um) were cut on a cryostat, air dried, fixed for 5 min in
cold acetone and rehydrated in phosphate-buffered saline
(PBS). The sections were then treated for 30 min with anti-
serum to factor VIII, washed with PBS, and stained with
fluorescein-conjugated GARI for 48 min. After three 5-min
washes in PBS, the sections were examined by immuno-
fluorescent microscopy utilizing a Vanox microscope
{Olympus Corporstion of America), and an HB020O UV il-
luminator with a 3mm BF 12 excitor filter and & G530 bar-
rier filter. Control sections were incubated with nonimmu-
nized rabbit serum, Specificity of factor VIII staining was
demonstrated by inhibition of the staining reaction after
absorption of the anti-factor VIII rabbit serum with the
purified factor VIII and by the negative staining reaction
found using nonimmune rabbit serum.

Results

Factor VIII immunofluorescence of endo-
thelial cells in human umbilical cord shows a ho-
mogeneous continuous staining pattern (Figure 1).
This preparation served as a positive control. Sec-
tions from normal liver did not display any specific
factor VIII immunofluorescence in the sinusoidal

Figure 1. Umbilical cord, endothelial lining cells (arrows) show-
ing factor VIII reisted immunofluorescence in white
(x« 100).

GASTROENTEROLOCY Vol 80, No. 8

Figure 2. Fluorescent staining of normasl liver showing minimai
granular punctate factor Vil fluorescance in hepatic si-
nusoids (whits arrows) (x 100).

areas except for occasional spotty granular areas of
minimal intensity along the sinusoidal borders (Fig-
ure 2). Only the linings of the hepatic arteries and
veins consistently gave intense staining reactions. In
contrast, vinyl chloride hepatic angiosarcoma tumor
tissue demonstrated intense flucrescence occurring
in the proliferating cells lining the enlarged sinu-
soids (Figure 3). These areas of specific immuno-
fluorescence were limited to the sinusoidal spaces,
were multifocal and occasionally occupied up to 20%
of the tissue specimen. There was no demonstrable
difference among the four angiosarcoma specimens
as to the frequency of stained cells or the pattern of
specific fluorescence. Adjacent tissue stained with H
& E documents angiosarcomatous cells within the
enlarged sinusoids lining the hepatocytic cords (Fig-
ure 4).

Fluorescence was present in the cytoplasm and
cell surface but not in the nuclei of the sinusoidal
cells as illustrated in Figure 5. This distinguishable
pattern of factor VIII immunofiuorescent staining
was seen in all the angiosarcomas examined and in
none of the normal hepatic tissue.
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Figure 3. A ssction oi liver angioummn tissuw exhibiting one of
the multifocal areas displaying marked uorescence in
the proliterating sinusoidal cells (white arrows), with

some nonspecific background staining of hepatocytes
{x 200).

Discuasion

Descriptions and definitions of hepatic angio-
sarcoma have varied in the past and have celied pre-
dominantly on morphologic criteria for identifying
the various sinusoidal cells.

Some investigators have proposed that both Kupf-
fer and sinusoidal endothelial cells are transitory in
respect to each other and that Kupfer cells merely
represent activated endothelial cells (5,13). In con-
trast, others support the view that the Kupffer cell is
independent in nature and represents a hepatic
macrophage (14.15).

As early as 1939, Miller considered the Kupffer
cell as a class of endothelial cells and distinguished
them as “endothelial cells of Kupffer (13).” He sug-
gested the term endothelioma or endotheliablastoma
for the tumors arising fram Kupfer cells and heman-
giocndotheliomas or hemangicendothelioblastoma
for those derived from vascular endothelium. In the
first communication of a thorotrast-associated ma-
lignant hepatic vascular tumor, McMahon ¢t al. (1).
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described it as composed of ceils closely resembiing
Kupifer cells wad indicated that some iumor cells

\ )
wrare nuagnaytio, Novarthalage tka tumge

PO -

1N fesalting 1 tomorn Jaxer oozl .'..-‘;-, Tris s

vncticn Delwiun tR2 2pareal matusaliln swgds ol
sinusoidal lining cells, i.e. ‘Kupffer cells” and “not-
mal resting sinusoidal endothelia.” He noted that the
tumor cells were phagocytic and therefore, de-
scribed the tumor as ariginating from Kupffer ceils,
as did Burston (17). Edmonsca's classical aescripon
of this tumar (9) makes no distinction between endo-
thelial and Kupffer cells, but describes it as com-
posed of malignant endothelial cells.

In the initial report of arsenic-associated “heman-
gioendothelial sarcoma” of the liver due to ingestion
of Fowler's solution, Regelson et al (18), indicated
the przsenca of neoplasiic endoinenial ceils bur did
not differentiate Kupifer {rom sndothelial cells. On
the other hand. Blackwall et al. (19), made no dis-

Figure 4. A frozen section of bepatic angiosarcoma tissue dem-
onstrating individual and small groupe of proliferating
endothelial cells in dilsted sinuseids (block arrows)
(H & E x 400). ]




Figure 5. High-powered frozen saction of angiosarcomatous tis-
sue showing factor VIl immunofluorescence of indi-
vidual prolifersting ceils lining hepatic cords (white ar-
rows). Fluorescent staining of cytoplasm but not cell
nucieus ia seen in one of the cells (X 1000).

tinction between these cells but called the tumor
Kupffer cell sarcoma,

In more recent reports involving vinyl chloride-as-
sociated angiosarcoma, the question of cellular ori-
gin of the tumor persists. This malignancy has been
variously described as pleomorphic malignant endo-
thelial cells (9), malignant spherical and spindle cells
(20), “‘tumeor cells” (21), sinusoidal cells (22), and as a
tumor believed to be malignant Kupffer cells (23).
Makk et al. (24) and Popper et al. (25) depicted this
tumor as arising from sinusoidal endothelial cells.

In comparing the pathology of liver angiosarcoma
due to vinyl chioride, thorotrast, and arsenic, Popper
et al. (25) concluded from light and electron micros-
copy that the tumors were probably endothelial and
suggested confirmation by use of histologic markers,
An appropriate marker which concentrates in the
endothelial cells is provided by coagulation factor
VIII which differentially appears in the endothelial
cells, megakaryocytes and platelets (12) and not in

CASTROENTEROLOGY Val. 80. No. 8

‘Kupficr” 6818 which arc peroxidase positive and

phagocytic.

In the present work we have shown by an immu-
nofluorescent procedure that Factor VIII is present
in the proliferating cells of vinyl chloride-associated
angiosarcoma, thus confirming their endothelial cell
origin, Qur observation that normal hepatic tissue
displays intense factor VIII fluorescence in cross
sections of vessels, but limited fluorescence of the si-
nusoidal endothelial cells in comparison to angio-
sarcomatous tissue, suggests that the aberrant cells
may have an increased production or storage capac-
ity for factor VIII or a decreased transport from the
cell. In addition, staining for factor VIII may provide
a means for identification of vascular cell in-
volvement in hepatic tumors and could be used to
identify specific endothelial cell changes and their
relationship to chemical biotransformation in both
animais and humans.

In view of these findings, we suggest that the term
“endothelial cell angiosarcoma” be used as an ap-
propriate term for this tumor.
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Figure 3. A section of liver angiosarcoma tissus exhibiting one of
the multifocal areas displaying marked fluorescence in
the proiifcrating sinusowdal cells (white arrows), with
some nonspecific background staining of hepatocytes
(X 200).

Discussion

Descriptions and definitions of hepatic angio-
sarcoma have varied in the past and have relied pre-
dominantly on morphologic criteria for identifying
the various sinusoidal cells.

Some investigators have proposed that both Kup{-
fer and sinusoidal endothelial cells are transitory in
respect to each other and that Kupffer ceils merely
represent activated endothelial cells (5,13). In con-
trast, others support the view that the Kupffer cell is
independent in nature and represents a hepatic
macrophage (14,15).

As early as 1939, Miller considered the Kupffer
cell as a class of endothelial cells and distinguished
them as “endothelial cells of Kupffer (13)." He sug-
gested the term endothelioma or endothelioblastoma
for the tumors arising from Kupffer cells and heman-
gioendotheliomas or hemangioendothelioblastoma
for those derived from vascular endothelium. In the
first communication of a thorotrast-associated ma-
lignant hepatic vascular tumor, McMahon et al. (1),
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cescribed it as composed of cells cicsely resemoling
Kupfier cells and indicated tkat some tumor cells
were phavocytic. Mevarthatase, the tumor was desia.
nated “endotheiial cell sarcoma of the liver.” Later,
in reporting a tumor, Baker at al. (16), made a dis-
tinction between the apparent maturation stages of
sinusoidal lining cells, i.e. “Kupifer cells’ and “nor-
mal resting sinusoidal endothelia,” He noted that the
tumor cells were phagocytic and therefore, de-
scribed the tumor as originating from Kupffer cells,
as did Burstou (17). Edmonson’s classical description
of this tumor (9) makes no distinction between endo-
thelial and Kupffer cells. but describes it as com-
posed of malignant endothelial cells.

In the initial report of arsenic-associated “heman-
gicendothelial sarcoma” of the liver due to ingestion
of Fowler's solution. Regelsnn et al. (18), indicated
the presence of neoplastic endothelial cells but did
not differentiate Kupffer from endothelial cells. On
the other hand, Blackwell et al. (19), made no dis-

Figure 4. A frozen section of hepatic angicsarcoma tissue dem-
onstrating individual and small groups of proiiferating
endotheiial ceils in dilated siuusoids (block arrows)
(H & E x 400).
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BIOCHEMICAL ALTERATIONS IN LIVERS
OF RATS EXPOSED TO VINYL CHLORIDE
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" Sorogue-Dawiny rots were exposed (o vinyl chioride to determine the eerfiest

T sequentiol biochemical chenges occurring with liver injury befors engiosercome
development. Activity of glucose-5-phosphatase, e key luconcogenic enzyme in the
liver microsomal fraction, decrcosed 25% with respect to controls sfter 10-h of
txposure. Glucose-&phosphate dehydrogenose aclivity lncreased twofold sfter more
than 100 h of exposure. Nonprotein sullhydryl levals (glutathione andfor tystrine)
showed @ slight but progressive clevation, whereas glutathions reductuse octivity
increased 350-80% during exposure ta vinyl ¢hloride. NADPH-<Cytochrome ¢ reductase
ond mixed function oxidase were unchanged in the same microsomel froction. There
were no chenges in seven conventionol ¢linicol biochemical livar tests ar in four other -
markers of liver mitochondriol, cytosol, end microsomal function. No significant
histologicol chonges wers found on light microscopic exemination during this exposure
puriod. However, with electron microscopy, dilation of rough endoplesmic reticslum
wos ien in the onimeis exposed for more thon 137 A, Thess entymetic changes ore
considered to reflecs early hepatoceliuior odeptetion to vinyl chioride exposire with
wery mild or /imited Repatocelluler injury in its eeillest stage,

INTRODUCTION

Vinyl chloride has been shown to induce tumors, including angio- -
sarcoma, in laboratory animals (Maitoni and Lefemine, 1975; Viola et al,,
‘1971) and angiosarcoma in humans (Cresch and johnson, 1974). At high
concentrations, vinyl chloride is belicved to be metabolized by the
microsomal mixed function oxidase (MFO) system of the liver to toxic
metabolites (Bolt et al., 1975; Hefner et al., 1975; Johnson, 1967; Watanabe
et al., 1976b, 1976¢). Animals pretreated with phenobarbital, an inducer of

We wish to express our sincare thanks to the pegpls in the 8, F. Goodrich Plant ln‘Lmisvill,‘, -
for their cooperation in the exposurs studiss, Dr. R. A.Gresnbarg for help with statistics, and” b
Ruth Sheiton for tchnical assistance, -
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MFO, and exposcd to 5% vinyl chloride (50,000 ppm) had increased serum
alanine aminoiransferase, a conventional diochemical indicator of liver
injury, and increased serum sorbiiol dehydrogenase, a liver specific enzyme
(Jaeger et al., 1974), However, therc have been no sequential enzymatic
studies to determine what progressive metabolic alierations of the hepato-
cyte occur during vinyl chloride exposure preceding the development of
angiosarcoma. Alihough the hepatocyte is the major cell for oxidation and.
probably detoxification of vinyl chloride and its metabolites, angiosaccoma
develops not in the hepatocyte but in adjacent mesenchymal calls. During .
this time, the hepatocytes undergo changes (focal nodular hyperplasia)
suggesting focal regeneration, probably from limited hepatocellular injury
(Tamburro et al., 1979).

The purpose of our study was to characterize the earliest sequential
enzymatic changes that occurred in vinyl chioride exposure to elucidate the
hepatocytes’ role in vinyl chloride-induced injury and angiosarcoma develop-
ment. Portions of this study have been presented eisewhers (Du and
Tamburro, 1976). ' S

METHODS

Animals and Experimental Design

Sprague-Dawiley maie rats (300-500 g) werc randomly assigned before
each experiment to either a group to be exposed to vinyl chloride gas
(15,000 ppm) or a nonexposed control group kept outside the chamber in
the animal room. Animals were fed standard laboratory chow pellets od .
libitum. - _

Four sequential experiments were done. In cxperiments A and B, rats.
were exposed 2-4 h/d, 4 d/wk, for 1-2 wk with total accumulated
. exposure times of 14, 28, and 42 h. In experiment C, rats were exposed ..
4-8 hfd, 5 d/wk, for 2-3 wk with total accumulated exposure periods of
71 and 103 h. In experiment D, rats werc exposed 6-8 h/d, § d/wk, for
3-4 wk with total accumulated exposure periods of 84 and 137 h.

The animals were exposed in a modified chamber consisting of an-
airtight vat that had been used for manufacturing polyvinyl chloride. An
aliquot- of vinyl chloride (185 g) was added to the vat per 4-d period to
make an average concentration of 15,000 4000 ppm. The air was
constantly circulated by a stirrer. The chamber volume was 4400 | (1100
gal), so the' respiration of the rais had a negligible effect on the
composition of the chamber's atmosphere. Experiments with an added
control group exposcd only to air in an identical modified vatr showed no
differences from the controls kept in the animat-room (Table 1).

All animals were anesthetized with ether, had blood drawn by cardiac
puncture, and were sacrificed at the same time of day (within 3 h after
final exposure) to avoid diurnal effects.
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TA3LE 1. Compzrisan of Hepatic Snryme Activitias in Animal Control Groups
Basad in Animal Quarters and in the Exgosure Chambe?

Air exposed
Entyme ‘ Animal room C.‘-.:m.‘:e.-b
Glucase~§-phasphate denrydrogenase 12824 1.3° 11.08 £ 1.73°
Glutathiane reductase 4172027 5.28 2 0.407

°Valuss are mueans & SEM (# = §),

Kapt in chambaer 7 h/d, 5 d/wk, for 6 wk; total, 210 0.
“Nat significant,

Nat significant,

Sample Preparation

Liver was excised rapidly and was immediately rinsed in ice-coid Q.15
M KCI with 0.02 M Tris buffer, pH 7.4. A portion of the tissue was
homogenized with 9 volumes of the cold KCI-Tris buffer in a Potter-
Elvehjem hamogenizer. Each sample was prepared from a singie organ and
kept at 4°C during preparation. Remaining liver was frozen rapidly and
stored at —2Q°C. For assays with frozen tissue, livers from control and
experimental rats were frozen in an identical manner for the same length
of time.

Subcellular Fractionation
and Biochemical Determination

Hormogenate was centrifuged at 600 and 8000 X g for 10 min and at
100,000 X g for 60 min to obtain the nuclear, mitochondrial, microsomal,
and cytosol fractions, respectively, by the differential technique of
. Schneider and Mogeboom {1950). Centrifugation was at 4°C in a Sorvall
refrigerated RCS supercentrifuge with a fixed angle rotor and a Beckman
model L-5 ultracentrifuge with a swinging bucket rotor. Enzyme activities
and cytochrome P-450 were dctermined in the isolated subcellular frac-
tions: cytochrome oxidase in the mitochondrial fraction; NADPH-
cytochome ¢ reductase, mixed function oxidase, cytochrome P-450, and
glucose-G-phosphatase in the microsomal fraction; and glutathione
reductase and glucose-6-phosphate dehydrogenase in the 100,000 X g
supernatant fraction.

Cytochrome P-450, NADPH-cytochrome ¢ reductase, and cytochrome
oxidase were determined in fresh samples; ail other determinations were in
freshly isolated fractions from frozen tissue.. Glucose-6-phosphatase was
estimated by measuring release of inorganic phosphate (Harper, 1965).
Cytochrome P-450 was estimated by the maximum absorption difference
between the dithionite-reduced cytochrome and its CO complex (Omura
and Sato, 1964). The P-450 concentration was calculated by using 91,000
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M=' cm~' as the extinction cocfficient for the increasc in peak height
between 490 and 450 nm. Cytochrome oxidase was measured as described
by Wharton and Tzagoloff {1967), and NADPH-cytochrome ¢ reductase
according to Degroot and Dunn (1964). Mixed function oxidase was
determined according to Holtzman et al. (1968) by measuring the
hydroxylation of analine. Nonprotein sulfhydryl was estimated by the
method of Sediak and Lindsay (1968). Rate of oxidation of NADPH by
oxidized glutathione was used as a measure of enzymatic activity of
glutathione reductase (Cariberg and Mannervik, 1975). Glucose-6-
phosphate dehydrogenase was measured spcc:mphotometrrcaﬂy, as the rate
of NADPH formation (Lohr and Waller, 1965). Assays were conducted
under conditions of linearity with respect to both time and protein.
Protein content was determined by the method of Lowry et al. (1951).
Conventional clinical analyses of serum included aspartate aminotransferase
(AST, SGOT), alanine aminotransferase (ALT, SGPT), alkaline phosphatase,
bilirubin, albumin, cholesterol, and mglyccnde determined by the technicon
scquennal multiple analyzer computer (SMAC) system.

Materials

The NADPH, cytochrome ¢, and ‘oxidized glutathione were obtained
from Sigma Chemical Co., St. Louis, Mo. Analine and other chemicals
were reagent grade. Double-distilled water was used throughout.

Light and Electron Microscopy

Small strips of liver were removed under ether anesthesia and |
immersed immediately in icc-cold 3% glutaraldehyde ipH 7.4). Tissues
were sliced into small cubes and fixed for 2 h at 4°C. Subscquently,
samples were washed overnight in phosphate buffer and postfixed in 1%
osmium tetroxide for 1 h before being dehydrated in ascending alcohol
and embedded in Epon. Tissue blocks were polymerized at 60°C for 2 d.
Thin sections were cut with a diamond knife and stained with uranyl
acctate and lead citrate before examination on a Philips 300 electron
microscope. For ultrastructural analysis, control rats and rats exposed for
42 and 137 h to vinyl chloride were reviewed.

For light microscopy, a block of tissue was fixed in buffered formalin
and processed routinely for paraffin embedding. Sections 6 pum thick were
stained with hematoxylin and eosin before examination.

RESULTS

‘The protein contents {milligrams per gram of liver) of the subcellular
fractions in control and vinyl chioride-exposed groups were the same
throughout the exposure; therefore, the enzymatic results were expressed
as micromoles converted per minute per milligram of subcellular protein..

The statistical analysis (sec below] showed certain significant
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enzymatic differences between the exposed and control groups in glucose-
&-phosphatase, glutathione reductase, and glucose-6-phosphate dehydro-
genase. '

Glucose- 6-phosphatase. No significant differences in glucose-6-phos-
paaiaze activily were detected beiween the two groups up to 42 h;
however after 71 h the glucose-6-phosphatase activity was s:gmf:cant!y
less in the exposed than in the control animals. Figure 1o shows the 25%
decrease in mean activity of glucose-6-phosphatase after 71 h; this activity
remained significantly lower up to 137 h. Figure 16 shows the 95%
confidence intervals for D, the mean difference between the exposed
group and the control groups, in each experiment,

Led ®'Expared
- i1Cantrel

D Valusm
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FIGURE 1, (o) Composite curve of group means of specific activity of glucow.G-phosphatiswe with .
reapect 10 sxposure time; (&) 95% confidence intervaly for O, the mean difference betwesn the
expossd and control groups. Thera s no significant difference batwesn the exposed and control
roups uaiil after 42 h of exposure, After 71 h the mean levei of the exposd group is sipnificantty

less than that of the ¢ontrol grovp.
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Glutathione Reductase. Figure 2, ¢ and b, illustrates the significant
differences (p < 0.05) between the cxposed and control groups in all 4
experiments except at 71 h of exposure (p <0.06). The glutathione
reductase level was 25% greater in exposed than in nonexposed animals up
to 71 h and approximately 50% greater after 84 and 137 h.

Glucose-6-phasphate Dehydrogenase. There was no significant differ-
ence between exposed and control groups from 14 to 42 h and at 71 and
84 h. However, after 103 and 137 h of exposure there was a statistically
significant difference as shown in Fig. 3, ¢ and 6. After about 100 h f
exposure, the mean glucose-6-phosphate dehydrogenase level in exposed
animals was about twice that in nonexposed animals.

While these differences were occurring, none of the conventional
biochemical liver function tests (e.g., serum aminotransferases, alkaline
phosphatase) showed any significant change, nor were there any changes in
cytochrome oxidase, mixed function oxidase, P-450, or NADPH-
cytochrome ¢ reductase. ‘ :
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FIGURE 2 (¢) Composite curve of group means of specifie activity of gutathivne reductase with
respect o exposure time; (&) 95% confidence intarvals for D, the mean diffsrence between the
axposed and control group, The mean value fur the axpomd group is significantly greater thae that
for the controls throughout the sntire experiment (2 < 0.03) except a8 71 h of eapowre.
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The concentration of reduced glutathione in the livers of ‘rats
decreased to 52% of the control value after a single 2-h exposure to
15,000 ppm vinyl chloride (Table 2). However, the reduced glutathione
concentration appeared to be the same or slightly elevated when the rats
underwent multiple exposures. This elevation was not significant at the 5%
level. The vinyl chioridc-exposed rats suffered a weight loss of 4-13% and
the control group gained 2-10% (Table 3). All rats survived to the
termination of the experiment without noticeable ill effects. =

Statistical Analysis of Results

The 95% confidence interval for group mean differences in each
enzyme study was based on the error mean squarc from a two-factor
analysis of variance with interaction,, the two main cffects being expasure
time in hours and exposurc-nonexposure. This analysis was performed for
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TABLE . Effecs of Vinyi Chioride Exposure on
Concentraton of Liver Nonprotein Sulfhydry!
Compound in Rars .
Exposure Concantration
time ratdo
(h) {exposed/contrel)
7 0.52 (3
14° . 1.02(8)
28 0.96 (6)
42 0.82 (6)
n 1.21 (5)
84 1.07 (3)
103 1.49 (6)
137 129(3)
Ysingle exposure, ‘
bNumbu of animals in control or experimental
proup is shown in parentheses,
SMuidple sxpasures (4=8 hjd, 4=35 dfwk) for .
14=137h.
TABLE 3. Body Weights of Rats before and after Viayl Chioride Exposurs’
Accumuiated . Vinyl
Xpomre Change chioride- Changa
) Time Control (%) saposd * (%)
14 Before “2162° 3 3 453215 (3) -7
Afoar 454 2 9.5 (3) ATV A (D) .
s  Bafors 436£92(3) .. sag0()
Aftee 4452121 (3) N 8 £ 1] -2
42 Before 43325.2(3) P 43505 4.3 (3) " ’
After 455264 (3) 410228 3}
n Sefors 437.6 122 (5) o2 422.7:22(5) -13
After - 447 2 19.4 (5) : 1850242 (3) :
- 84 Before 4127219(3) *10 4252174 (3) -
Alrer 455.02 6.8 (3) 1992 72(3)
103 Before 4532129 (6) - 441.52 6.5 (6) —16
Afiter 465 £ 16.9 (6) 39702 5.7 (6)
137 Baloce 404.7 £ 1.2 (3) * - 415.02 15.1(0 -
Alver 425.0 2 5.2 (3) ) s 2 (2
*)\iziple, exposuras 10 1.5% vinyl chiorids fer 14-137 b, 4-8 h/d, 4= djek.
bkm)umuamudnmssm. . -
S Number of animals Is given in parsntheses.
cMA 003119
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each of the four experiments. Overall significant (p < 0.05) differences
between the exposed and control groups are found when the 95%
confidence intervals (D values) do not cantain z2ro.
in Fig. &, there is no significant difference (2 > 0.05) betwesn the 2
groups in experiments A and B because a O value of zero is within these
two confidence intervals. However, for experiments C and D, the con-
fidence intervals do not contain a O vaiue of zero, indicating a significant
difference (p <0.05) between the exposed and control groups. When the
D value is less than zero (as in Fig. 14), the experimental group is
significantly lower than the control throughout the experiment; when the
D vaiue is greater than zero (as in Figs. 2 and 3), the experimental group
is significantly higher than the contral. Further, in experiments C and D
of Fig. 15, a single confidence interval is shown even though there are two
time periods of exposure each. This resuits from the nonsignificance of the
interaction term in the analysis of variance, meaning that the obsarved
difference at 71 h of exposure is not statistically different from the
difference at 103 h. Similar conclusions hold for experiment D in Fig. 1b.
Figure 2b shows 2 confidence intervals for the set of experiments C at 71
and 103 h because the interaction of the time and exposure factors was
significant; that is, the difference between the exposed and control groups
after 103 h of exposure was significantly greater than the difference after
71 h, This is also reflected by the differences of the mean values at 71
and 103 h as shown in Fig. 2a. For the same reasons, there are also two
confidence intervals for the C (71 and 103 h) and D (84 and 137 h) sets
of experiments in Fig. 36.

Morphological Studies

Morphological light microscopic studies were performed in a blind
(coded) and randomized fashion and did not show any evidence of
hepatocellular injury or changes usually seen in the latter stages of vinyl
chloride exposure, ° ‘

Besides some variations in glycogen content, no difference in the fine
structure of the hepatocytes was abserved between controls (Fig. 4) and
those exposed to vinyl chloride for 42 h. Dilation of rough endoplasmic

- reticulum was observed in a small number of hepatocyrtes after 137 h of
vinyl chloride exposure (Fig. 5). Although no noticeable change in the
amount of smooth endoplasmic reticulum was associated with this change,
a concomitant increase in cytoplasmic density was evident in these ceils.
Another type of lesion found in other hepatocytes was characterized by
the presence of small patches of clear spaces, which tended to-aggregate
near the cell periphery (Fig. 6). Such lcsions usually affect the adjacent
ceil equally. No other cell type appeared to be affected by vinyl chioride
exposure in this study. )
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FIGURE 4, Portion of a2 hepatocyte from a control rat. A good compiement of mitochondria and
rough endoplasmic reticulum is shown (X 12,000).

FIGURE S. Dilation of RER (arrows) shawn in hepamacyts 137 h after exposue to 15,000 ppm
vinyl chlorids during 2~3 wk (X25,000). ’
FIGURE 6. Subplasmalemmal lesions (*) in hepatocytes 137 b after expasure to 15,000 ppen vinyl
chioride during 2-3 wk, The lesions are prasent in twe adjacent ails and the clmar 1paces Sum W
coalesce (X 12,000, °

DISCUSSION

Decreased glucose-6-phosphatase activity and increased glucose-
6-phosphate dehydrogenase and glutathione reductase activity in rat liver
after exposure to vinyl chioride (as in our studies) may be the biochemical
alterations indicative of early liver injury, adaptation to increased, detoxi-
fication activity, or preparation for increased nucleic acid synthesis. These
differences were obscrved before any abnormalities were detectable from
conventional liver function tests, such as serum aminotransferases, or from
changes In other subccliular organclle markers, such as “mitochondrial
cytochrome oxidase activity.

In primary hepatocellular cancer (hepatomas), the activity of key
enzymes for gluconeogenesis (glucosc-6-phosphatase, etc.) decrcased with
increased rate of tumor growth (Weber, 1974; Weber and-Convery, 1966;
Weber and Lea, 1967). In contrast, two enzymes for the pentose
phosphate pathway, glucose-6-phosphate dchydrogenase  (Selmeci  and
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Weber, 1975; ‘Yeber and Morris, 1953) and transaldolase {Heinrich et al.,
1974), increased in all hepatomas. Further, the activity of gluclose-6-
phosphatase decrcased before and during the development of hepatomas
when carcinogens such as nitrosamine and dimsthyvlamingazobenzens were
fed to rats (Isok and Teras, 1973; Weber and Cantero, 1955). Whether our
similar findings in this study are indicators of eventual cancer development
(angiosarcoma) is not yet known. We used a shorter exposure periad in
order to identify the biochemical changss that would best reflect the
morphological and cellular changes anticipated on the basis of previous
human and animal studies. No attempt was made to determine what
2ffacts thase shorter exposure periads would induce with lopg.tarm
observatian. Tnis is now in progress. However, Maliani and Lafamine
11975) showsd that of 69 Sprague-Cawley rats exzosed to 10,000 pom
vinyl chloride, 16 (26%) developed Zymbal gland carcinomas after SO wk,
5 (8%) developed nephroblastomas after 59 wk, and 9 (15%) developed
angiosarcomas after 64 wk.

The vinyl chloride-exposed groups lost weight (4=13%) whereas the
control group gained weight (2-10%) during the entire experimental
period. However, the differences in the three enzymes cannot be
accounted for by lack of dietary food intake in the experimental group,
because fasting increases glucose-6-phosphatase (Ashmore et al., 1954) and
decreases glucose-6-phosphate dehydrogenase (Winberry and Holten, 1977},
and we found decreased glutathione reductase and reduced glutathione
content in fasted animals (unpublished data). )

Rats exposed to a high dose (5%) of vinyl chloride (Reynoids et al.,
1975) had decreased mixed function oxidase activity. An in vitro study
(Ivanetich et al., 1977) showed that the metabolites of vinyl chioride from
the microsomal enzyme system decreased the levels of cytochrome P-450.
In our studies; the cytochrome P-450 content and the activity of mixed
function oxidase and NADPH-cytochrome ¢ reductase in rats repeatedly
exposed to 1-2% vinyl chioride did not show any such changes, Sub-
sequent experiments in which rats were exposed to 28,000 ppm vinyl
chioride for 70-210 F in 2-6 wk showed a significant decrease of
cytochrome P-450 concentration (in preparation). Differences in dose ievel
or experimental design may account for these variations. Drew et al.
(1975) found that the activity of mixed function oxidase depended on the
time interval between cessation of exposure.to vinyl chioride and sacrifice
of animals.

The main detoxification route for vinyl chloride metabolism is thought
to be conjugation with glutathione (Johnson, 1967); sulfur-containing
urinary metabolites of radioactively labeled vinyl chloride have- been found
in rats' urine (Green and Hathway, 1975, 1977; \Vatanabe et al., 1976b,
1976¢).

We found that under the present experimental conditions: the non-
protain sulfhydryl content of liver (glutathione and/or cysteine) tended to
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increase in rats repeatedly cxposed to vinyl chtonda (Tabled) Although
the difference was not significant in this experiment, wbmum exposure
of rats to 28,000 ppm for 70, 14§, ind 210 h in 2,4, aexb:-Gagrie
significant elevation of the nonpratein=wifhydryl conten >
Tamburro, 1978). Watanabe et al. (1976a) and Johnson (]967) found a
depletion of nonprotein suifhydryl content in rats after only a single
exposure to vinyl chloride or chioroethanol. Hefner et ai. (1975) found
that a single vinyl chloride exposure reduced the glutathione content by
one-half, but the decrcase became smaller and even unnoticeable after
repeated exposure to vinyl chloride. Fiala et al. (1976) showed that the
reduced glutathione content increased after prolonged exposure of rats to
various chemical carcinogens. These resuits are thought to reflect the
exposed animals’ attempt to make more glutathione to meet the unusually
strong demand for detoxification. .

Glutathione reductase was elévated in our system after rats. were
exposed to vinyl chloride for 42 h. This cnzyme generates reduced
glutathione from its oxidized form as a compensatory mechanism to
maintain the level of glutathione, and the simuitancous . elevation of
glucose-6-phosphate dehydrogenase regenerates NADPH, which can be used
as a cofactor for various synthetic pathwlys lnﬂudmg nugleie . acid
synthesis. Elevated glutathione reductase activity” was foundln_rats with -
primary hepatocellular cancer induceéd- by, dje n..(Pintg. and
Bartley, 1973). This consistent increase-in. M Mm miwty
after exposure to vinyl chloride sug,qu that-it: oy be-one- SATURRL- <«
biochemical manifestations of exposuvé s W R ik e TSI el

These mctabolic changes could also piay a role in the carly ch ges
observed by light and clectron microscopy. Hiepjt ot ih as. ‘
of smooth endoplasmic retu:ulum and loss of mierg : POt
mice
1976). ln contrast, we observed dilation- el
and patchy, lesions near the plasmalemma. m

6-phosphate dehydrogenase and glutathione reductase) induced- by“vm?i i
chioride. The absence of smooth endoplasmic reticulum proliferation in
our animals suggests a comparatively milder effect in our short-term study.
In a subsequent study where long-term effects of vinyl chloride exposure
was assessed, dilation of smooth endoplasmic reticulum in hepatocytes was
observed (in preparation). The nature of the patchy lzsions found ncar the
plasmalemma remains to be cstablished. The location of the lcsion,
however, suggests that some toxic agents may be entcring or exiting the
hepatocytes in these sites.

We believe these carly enzymatic changes reflect adaptation of the liver
cell to carly mild injury. The aiterations in gluconeosenesis and in the
pentose phosphate shunt appear to indicate the liver’s adaptation while
undcrgoing repetitive and prolonged exposure to the mildly toxic chemical
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vinyl chlaride, which, when inadequately metabolized, produces inter-
mediates that lead to the formation of cancer.

+
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Tha liver's role ia vinyl chioride toxicity and carcinogenicity is providing a better undarstanding of the
chemical carcinogenesis mechation. A varisty of both maligaant sad besign hepatic tanors bus boss
demonstraied with prolongad exposirs 10 vinyl chioride. The myiti-system involvinent of this carcinogen
and toxin has provided » model lor the study of chemical carcinogenesis common to both man wnd anioal.
Clinical studios have shown the usefuiness of biochemical, radioisowmpic, sod radiological siudien in the
olism by the liver of vinyl chloride-produced itermadiates which are nustagenic in bactarial systems and
may be the ultimate carcinogens. Hepatic subeaibiar enzyme sosdiss prove prelissnery svidence of
cellular sdapiation and i { detanification. Disrepuion of this ozidization aed detoxilication balerce
may bs the kay 12 the maligaant tramformacion of cails. A working hypothesis is presentad which muy
sxphain the metabolians of vinyl chioride iato muagenic intermedistes by the liver call and the deveiop-
munt of maligmat transformation by extra hapstic simmoidal lining cails, hung cells, and brais tissus.

INTRODUCTION

Currently there is a growing concern that chemical compounds may be respon-
sible for most human cancer through environmental contact. Although 100,000 to -
200,000 new chemicals are introduced into industry each year, little is known about
their effects. These compounds are primarily synthetics and thus not natural to the
environment. The view that industrial chemicals may be Iatent carcinogenic
tmnrdshasambeenbrwahtmmupfmbymedmvetydvhﬂm

induced angiosarcoma. Vinyl chloride (CHz = CH-C1 monochloroethyene, a gna) -

is the basic molecule or monomer of polyvinyl chioride and its co-polymers and one
of the most important organic intermediates in the plastics industry. The resuiting
plastic resin, polyvinyl chloride, is used.in innumerable consymer and industrial
products, such as containers, wrapping fllm electrical insulation, pipelines, credit
cards, etc. Until recently (carly 1970's) vinyl'chloride was regarded as being rela.
tively noo-~toxic [1,2]. Initially this opinion seemed to be supported by the facts that
it was used transiently as an anaesthetic and had been used commercially in indus~
try for many years [3].

Theduectmfommononthewxmyofvmylchlondemmmobmmdﬁom
experiments by research workers on themselves, from the evaluation of its suit-
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ability as an anaesthetic [4, 5], and from study of the cases of vinyl chloride poison-
ing contracted during industrial use [6, 7, 8, 9).

Sporadic studies with vinyl chloride polymerization workers demonstrated vary-
ing degrees of hepatic biochemical derangements, hematological abnormalities,
and skin changes [9). Acute short term exposures led to disturbances of the central
nervous system, cardiac arrythmias, severe ifritation of the mucosal membrane of
the eyes and the respiratory tract, and in some cases—severe pulmonary edema
with obstruction of the liver and kidneys. Chronic inhalation trials in animals
clearly showed that vinyl chloride was toxic to the liver and kidneys as well as irrita-
ting to the mucosal membranes and the lungs. Microscopic examination of liver
sections showed degeneration of the central lobules while the damage to the
kidneys chiefly involved the tubule and the interstitial lining somewhat like that of
carbon tetrachloride damage [10, 11, 12].

BACKGROUND

The literature, however, contained virtually no information on damage to man
after chronic exposure until Filatova et al. reported disturbances of the biood
vessels and nerves in individuals exposed with 20~300 ppm of vinyl chloride on a
continuous basis [13]. Cordier et al. [14] and Wilson et al. [15] were the first to re-
port the hitherto unrecognized disorder termed occupational acroosteolysis (AOL)
which included the symptoms of tenderness of the fingertips, gradual destruction of
bony integrity of the fingers and a Raynaud's-like phenomena.

Studies were initiated in animals to reproduce the acroosteolysis. In 1971, Violi et
al. [16) while exposing animals to 30,000 ppm to induce acroosteolysis, accidentally
discovered cancer. Maltoni et al. [17] while studying various {evels of exposire
demonstrated that angiosarcoma occured at 250 ppm; the Manmufacturing Chemists
Association’s studies [ 18] demonstrated these liver cancers even at 50 ppm. At the
same time, Dr. John Creech, at the B.F. Goodrich Chiémical Company Plant in
Louisville, Kentucky, discovered an hepatic angiosarcoma in one employee.
Creech, recalling an earlier hepatic angiosarcoma at the plant, reviewed the medical
histories of previous employees. Four additionsl angiosarcomas were found,
further supporting the connection between vinyl chioride exposure and tumor
development. Measures to control the Tevels of Vinyt ¢chloride exposure were then
instituted following federal regulation.

THE CHEMICAL P e

melchlondeschmnmlsmmuadoubh-honded 2~carbon halogenated
_hydrocarbon which has structural similarities to tri-chloroethylene, an inhalation
anaesthetic. As previously noted, vinyl chioride was once considered as an
ansesthetic but was discarded because it caused myocardial irritability. Some of its
important physical properties include a low boiling point, a high specific gravity, a
low solubility in water, and a half-life in air which ranges from 3-20 hours.
Knowledge of these physical properties may be important in determining how this
awnpmammuhnvceﬂ‘mmtbeenmmutwhwhulmulylﬁdsm
cancer formation.

Vinyl chloride is both toxic and carcinogenic, as recognized by the wide variety
of associated disorders which have been found among vinyl chioride polymeri-
zation workers and vinyl chloride-exposed animals. A yet incomplete list of these
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VINYL CHLORIDE=——RELATED CARCINOGENESIS o9

TABLE |
Occupational vViny! Chionde
Exposure Associated Disurdery

. Thrombocytopenia

1. Reticulocytosis

3. Splenomegsiy

4. Hepatic fibrosis

5 Scleroderma-like tkin changes
6. Acio-osteotysu

7. Raynaud's phenomenon

§. Lewkopeais -

9. Hepatomegaly

10, Puimonary functional impamument
11. Asgioarcoma

12. Cardiae arhrythmia

1). Nephrobiastomas®

14. Zymbai giaad carcinomas®
13. Large ceil lung cancer

6. Brain cancer

*Ia rats only

associated disorders is shown in Table 1. Animal and epidemiological studies
indicate the probability that cancer induction at other sites is also directly attributed
to prolonged and excessive vinyl chloride exposure [19].

In order to develop effective methods of prevention, accurate knowledge of the
pathogenesis of this eavironmental chemical in ultimately producing its most
destructive effect—cancer—is needed.

EXPERIMENTAL ANIMAL STUDIES—TUMOR FORMATION

The carcinogenicity of vinyl chloride has been demonstrated in a variety of
animals as weil as in humans at exposure levels that vary from 50-=30,000 ppm. As
illustrated in Table 2, a variety of tumor types have been found in rats, mice, and
bhamsters. An extensive list of benign tumors have also been reported in mice, rats,
and hamsters exposed to vinyl chioride, Maltoai's group has now demonstrated
primary liver cell cancers in exposed newbom rats.

Direct hepatocellular injury as weil as puimonary, mucosal and skin injuries have
been shown in directly exposed animals. Pretreatment with many agents increases
the toxicity of vinyl chloride; they include phenobarbital, ethanol, polychlorinated
bipbenyls and pesticides such as hexachlorobenzene [20). This relationship to vinyl
chioride's ability o induce cancer is under study, particularly in view of the
industrial environment which allows exposure 10 aany chemicals to occur con-
currently,

HUMAN STUDIES

Epidemiological studies in the human strongly suggest that exposure beyond 10
ymuwmmﬂmmmhw.mnlydxmvesym
cancers, primarily hepatic [21, 2. There also appears to be a higher incidencs of
large cell carcinomas of the lung, brain glioblastoma multiforms, and lymphomas
[23, 24), although there is some disagreement as to the interpretation of this aspect
of the epidemiological data.
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TABLE 2
Carcinoganicity of Vinyl Chloride
(Exposure: 30--10,000 ppen)

Tumor Type Species
1. Liver-—angiosarcoma Adult bumans, rats, mice ssd hamsiors
2. Liver-—hspatocsiuiar carcinoma Newbaors rals
3. Lung—adenocarcinoms Rats and mice
4. Lung—large cell carcinoma Humans*
5. Mammary sdenocarcuwoma Mics
6. Zymbal gland tumors Rats
7. Nephroblastomm Rats
8. Osteochondromas Raty
9. Skin epithaliomas Hamiars
10. Melnomas Hamsters
11. Gliobisstoma multiforms Humanss*
12 Lymphoma Humans*
*Strongly suggested epidemiologically

‘The multisystem involvement of this carcinogenic and toxic chemical is further
illustrated in man. Early physical findings of vinyl chloride-injury include hepato-
megaly, portal hypertension, possible mild systemic pulmonary hypertension,
bilateral midzonal pleural thickening of the Jung, and splenomegaly with and
without increased portal pressure {25]. These anatomical and physiological findings
most frequently occur in the absence of the traditional clinical biochemical
derangement of the liver. Screening studies of vinyl chloride workers during the
past two and a half years have clearly illustrated the irregular and often delayed
appearance of abnormalities in aspartate and alanine aminotransferases (SGOT and
SGPT), alkaline phosphatase as well as other hepatocellular enzymes. Gamma
glutamic transpeptidase (GGTP), believed to be a more sensitive indicator of
hepamﬂuhrmn'y lusproventohavetooh:shaf:he-pouhvememwamnms
use in the screens for hepatocellular injury. Sorbitol dehydrogenase (SDH) studies
Mcatethatthnenzymwhmhuhvermspenﬁc is too insensitive for
primary screening but is useful for confirmatory testing,

Anionic dye clearance studies (Indocyanine Green, ICG) have demonstrated the
highest specificity and sensitivity of all the primary screening procedures tested
when performed at the 5 mg/kg dose level. At the traditional 0.5 mg/kg level, it has
the same effectiveness as the aminotransferases and alkaline phosphatase com-
bined. The frequency of abnormai ICG dye clearances increases with prolonged
exposure to vinyl chloride as illustrated in Fig. 1 and corvelates well with the
cumulative exposure to vinyl chloride as well as the histological evidence of
hepatocellular injury. These functional studies for detecting hepatocellular injury
do not, however, identify the cause.

Clinical studies have illustrated the usefulness of radioisotopic liver-spleen scans
as a primary screening procedure for anatomical lesions of the liver and spieen.
This procedure has proven to be the single most reliabie method of tumor detection.
Sixteen of the 19 individuals with anatomical lesions were detected by liver-spleen
scan. In contrast, only 32 of 950 normal individuals had scan abnormalities which
further diagnostic studies proved incorrect. This method provides an 84% sensitiv-
ity and 97% spexificity, with only a 3% false-positive rate.
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Diagnostic ancicerashic swudies of these radioisotopic abmormaiiiies in 30
individuals have demonstraied 3 major lesions. The first is peliosis hepaiis,
illustrated in Fig. 2. These lesions are usually numerous involving the entire
liver, and have a diffuse stain throughout the nodules which persists into the late
venous phase without cantral hypovascularity (26].

A second, similar lesion has been discovered in individuals with splenomegaly,
and named lienal peliosis (Fig. 3). These splenic lesions demonstrate a shortened
celiac artery to portal vein circulation time, nogmal portal vein diameters, and
increased spleen size. This has been found only in individuals with long-term vinyl
chloride exposure.

The final lesion is that of angiosarcoma (Fig. 4). This tumor has characteristic
angiographic features of central hypovascularity, midarterial puddling, and a
srolonged peripheral tumor staia which continues up to 30-36 seconds after
injection. These charzcteristic findings have allowed differentiation from othar
primary hepatocellular cancers, benign tumors and benign vascular lesions [26].
These angiographic lesions have been pathologically confirmed with the additional
histological finding including peiiosis hepatis, sinusoidal dilatation, and activated
sinusoidal cells with increased deposits of collagen in the sinusoidal space of Disse.
Exploratory wadge bicpsizs have in addition demonstrated increased subcapsular
fibrosis with subcapsular bile duct proliferation plus the often described portal
fibrosis (27].

VINYL CHLORIDE METABOLISM AND CARCINOGENESIS

Present biochemical knowiedge indicates that vinyl chioride is most likely
metabolized by the liver in a three step process [28). At concentrations less than 50
ppm, vinyl chloride is metabolized by the alcoholic dehydrogenase system into
chioroacetaldehyde and monochloroacetic acid,

alcohol

wCH= - - = OH —————tmeressmt C1 = CH3 = CHOQ ==+ CICH2 - COOH
C1-CH=CHi~—+C1-CH3-CHa pores
An alternative pathway which appears to become operative at 220 ppm is oxidation
by the peroxidase-catalase system,

HzO

Cl=-CHa—CHa-OH —————=CICH;~ CH:00H~seee CICH2~CHO

) ssmpm 50 o/

TOTAL Ma ./| ./' “/- '/.
aad o
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FIG. 1. Frequency of abmormal wr
adxywmine gwm dye clerance . IR
assomng vinyl chioride workers ytili- ) -~ oo
Timg 0.5 w/ky and 5.0 mg/kg dowas.
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FIG. 2. Hepatic acteriogram:: Ve~
pows phass. Changes of pelingis
bepatis are present troughout the
it lobw. The muitiple soduisr
staine represent peliosis hepatis
lasions, (arrews) raaging from 2=}
mat 40 2 cm im size, ’

FI1G. 3. Spiesic aneriogram: Ve-
nous phase (15 seconds). There are
34 circuler and oval stains (e~
rows) i the supsrior and inferior
Isteral portions of the spiewn. Nor-
mal pescreatic stsin ocours just
above the sphenic vein,
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In this case chloroacetaldehyde is again formed. At higher levels oxidation appears
to be by the mixed function oxidase system, forming chlorvethylene oxide which
spontaneously rearranges to form chloroacetaidehyde which then can be further
oxidized to form monochloroacetic acid.

c:-cn-cm—-?——-c’"d'“L-CH-\-;cuz_—-—cx—cm—cxo—cxcm-coon
o

As tlustrated in Table 3, vinyl chloride oxidation intermediates chloroethanol
and chiloromcetaldehyde, at low doses, are most likely detoxified via the glutathi-
ine conjugation system. This system, however, is saturable and at higher
levels vinyl chloride is excreted via the lungs [28). It appears that at higher vinyl
chioride levels increased amounts of chloroethanol and chioroacetaldehyde are
further oxidized to chloroacetic acid which is excreted in the urine. This is further
supported by the absence of chloroacetic acid in urines of rats exposed to low, short
term levels of vinyl chloride but found in urine of rats exposed to 5,000 ppm for an
extended time and reported in workers exposed to levels greater than 250 ppm fora
prolonged time [29, 30].
Elmore et al., utilizing a modified Ames system and pure synthesized vinyl
chloride intermediates, has demonstrated that vinyl chioride, chloroethanol, and
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TABLE 3
Proposed Metabolic Fats of Viayl Chioride

CICH=CH:

(\w] Detaxiflcation with glutathions
Liver MFO
/ C1 CH: CH: OH
CH-f.'H.‘ (Chiorosthanol)
L . I +GSH
€1 CHs CHO ——mee—eee 3§ CHz CHO —=eGS CHy COOH
(Chiorooxirans) i yia)
l
acid
€1 CHa COOH
(Chiloroacstic acid)

chioroacetic acid are not mutagenic in bacteriological systems [31]. This may
indicate that the vinyl chioride monomer is neither hepatotoxic nor carcinogenic
until it has been metabolized to its intermediate forms by the liver andjor other
tissues,

Alternatively, chloroethanol—the most trausportable of the vinyl chloride
metabolites—may be transferred or diffused to adjacent cells, such as the sinusoi-
dal lining cells, where it could be converted to chioroacetaldehyde but less likely to
be detoxified or further oxidized. Since viny! chloride appears to bind the serum
albumin, it may, itself be transported to and oxidized by extra-hepatic cells which
are unable to fully oxidize or completely detoxify its metabolites, and thereby lead
to molecular DNA injury and cancer formation at distant tissue sites.

These quandaries led to further study of the hepatochemical changes in rats
undergoing progressively increased exposure to vinyl chloride. Subcellular en-
zymes and metabolites were studied in animals exposed to from 10-20,000 ppm
vinyl chloride, ranging from 14-137 hours. Microsomal enzymes, including P-450,
NADPH cytochrome ¢ reductase, and mixed function oxidases were studied.
Determinations of cytochrome ¢ oxidase as the mitochondrial, tritiated-leucine
incorporation as the protein synthesis and glucose-6-phosphatase as the carbo-
hydrate metabolism markers were also done. Glutathione and giutathione reduc-
tase as oxidative and detoxification markers were determined in addition to the
conventional clinical biochemical studies which included the aspartate (SGOT) and
alanine aminotransferase (SGPT), alkaline phosphatase, bilirubin, lactic acid
dehydrogenase (LDH), total protein, albumin, cholesterol, and trigiycerides.

During the entire 137 hours of exposure there were no significant changes in the
mitochondrial and the microsomal enzymes, the tritiated-leucine incorporation, or
in the glutathione content. There was however, after 71 hours, a rise in the gluta-
thmmreducmeandaconconnmtfallmﬂucou-&phosphu ‘This occurred
without any histologically discernible changes in the hepatocytes by light micro-
scopy nor any significant changes in the conventional clinical biochemical studies.
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Weber and Lea (32) had found similar changes for pnmary hepatocalluiar neo-
plasms, demonstrating that in a rapidly developing primary hepatoceilular tumor,
there is decreased gluconeogenesis with a reduction in the glucose-6-phosphatase,
followed by an increase in zlucose-6-phosphats dehydrogenase and transaldolase,
These biochermcal changes were aiso foiliowed oy an increase in purine piosynthe-
sis (increased phosphoribosyipvrophosphate aminotransferase (FRPP) and in-
creases int the production of ATP and GTP lexding to increzsed nucleic acid
synthesis,

Vinyl chioride-exposed animals showed no significant changes in the glucose-6-
phosphatase dehydrogenase activity during the initial 84 hours of exposurs.
However, after 103 hours, there was significant increase in glucose-6-phosphatase
gabydrogenase. Siudias of PRPP, ot laast up to 127 hours, have as yat shown no
significant changes. Studies are now underway using animals exposed io 13010 25
hours to determine if the biochemistry in vinyi chioride injury is similar to that in
primary hepatocellular tumors.

This, however, does not explain why the hepatocyte, which is the primary cell for
oxidizing and detoxifying vinyi chloride. is not the primary target for cancer trans-
formation. How do the hepatocytic biochemical changes, seen in the early phase of
high vinyl chloride exposure, relate to the later morphological changes that occur in
the adjacent sinusoidal cefls?

MORPHOLOGICAL FINDINGS

Electron microscopic examination of liver sections of mice exposed from ! to 6
months to 2,500-6.000 ppm vinyl chloride, for 5 hours/day, § days/week—a level
known to induce angiosarcoma (33}l—have demonstrated hepatocellular changes as
early as one month. These changes included hypertrophy of the smooth endo-
plasmic reticulum (believed to reflect vinyl chloride metabolism) and, plasma
membrane loss of microvilli with invaginations—possibly reflecting the movement
of injurious metabolites across the membrane and out of the cell, allowing the
metabolites 1o be picked up by the sinusoidal cells [34].

The sinusoidal ceil reactions were multiceilular. Increasing numbers and sizes of
lipocytes were seen with little fibrosis. Macrophages were seen filled with phago-
somes, sometimes containing long needle-like crystals. Although there were many
mononucliear cells present, the main abnormalities were seen in the endothelial
lining ceils. In the early stages they are larger and thicker—possibly swollen. Later,
they became bulky and in places, multi-layered containing increased organelles,
especially mitochondria and endoplasmic reticulum. Later discuptions in the sinu-
soidal walls seen were consistent with beginning peliosis hepatis. The {ining cells,
probably the precursors of angiosarcoma, often resembled fibroblasts. However,
their endoplasmic reticulum did not contain any collagen components. These
observations by Schaffner et al. {34] give support to the suggestion that metabolites
of vinyl chioride produced in the hepatocytes may be transported .through the
plasma membrane and enter sinusoidal lining cells, eventually leading to angio~
sarcoma. Attempts at screening for vinyl chloride hepatic injury might be better
aimed at the endothelial cells and the hepatic sinusoidal circulation rather than the

Our work‘ in humans has identified similar findings. One major difference at
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present is an increased collagen deposition, characteristic of human vinyl chloride
injury and likely species specific. Light microscopic studies utilizing special stains
on hepatic tissue from individuals with extensive exposure to vinyl chioride but
without clinical biochemical hepatic abnormalities have shown distinctive mid-
zonal increased deposition of collagen in the space of Disse [35]. Routine light
microscopic studies using hematoxylin and eosin failed to easily demonstrate this
midzonal increased collagen. The increased deposition along the hepatic cell
surface is associated with larger sinusoidal space and activation of the sinusoidal
lining cells illustrated by increased nuclear size and cytoplasmic content. The in-
creased collagen deposition, when studied electron microscopically, demonstrates
compression of the hepatocytes by the collagen bundles which initially give the ap-
pearance of intra-hepatocellular collagen bundles as illustrated in Fig. 5. The
strands of collagen appear to compress the hepatocytes causing cords of hepato-
cytes to be broken and to coalesce with adjoining sinusoids eventually leading to
peliosis hepatis-like lesions.

These observations led us to the study of the proteroglycan role in collagen form-
ation in vinyl chloride-exposed workers. It had been suggested in the literature that
glycosaminoglycans in blood and/or urine might be useful as means of early cancer
detection since a number of studies had demonstrated the production of sulfated
glycosaminoglycans with malignant states. Pathologists have often used this
feature as a diagnostic aid in characterizing malignant vascular tumors of the skin

. PO, 5. Elsctrom microscopy

showing collagen (CB) busdies
(arrows) invaginating imto the hep-
stocyts, giving the appearance of

CMA 003135




VINYL CHLORIDE—RELATID CARCINGGENESIS e
(34], Othars have noted g strong positive Alcizn biue glycosamiroglycan staining
reaction in human angosarcama tssue (371 This suzoested that quontitarive and
qualitative determinations of glycosaminoglycan production in individuals with
neoplasm, either by serum or urine, might be used to identify those at high risk or as
an early indicator of neoplastic formation. The feasibility of glycosaminoglycan
“spot test’’ for viity! chioride production workers made this an attractive possibil-
ity for mass screening.

Urinary glycosaminoglycans, measured as uronic acid, were studied in individu-
als with alcoholic cirthosis, viral hepatitis, secondary liver mem:am hepatic
angiosarcoma and normai controls.

The percentage of total giycosaminoglycans that was dialyzable and the perceat-
age of unfractionated total that appeared in the hyaluronic acid, chondroitin sulfate,
or in the heparin fractions was similar for all groups. However the distaribution of
positive fractions varied with the different groups studied.

Seven of the nine vinyl chioride-exposed individuals, other than those with
angiosarcoma, had glycosaminoglycan positive chondroitin sulfate fractions with
negative hyaluronic acid and heparin fractions whereas this occurred in only 3 of
the 32 urines from other hepatic diseases {38).

In addition, study of the total tissue glycosaminoglycan levels in angiosarcoma
tumors and fibrotic tissue adjacent to the tumor demonstrated that umor tissue
itseif had higher levels of hyaluronic acid and heparin fractions as compared to the
non-tumor adjacent tissue which had higher levels of chondroitin suifate fractions.
A similar refationship was found in cirrhotic liver tissue and normal controls. This
data conforms to reports by others that both hepatic connective tissue disorder
[39, 40, 41, 42, 43] and hepatic cancer {44] resuit in increased hepatic glycosamino-
glymlevels Itmybesmﬁmmmmcanaow:mmmmwm
urinary ;lycosammoglycan excretion of patients with liver metastasis and that
analysis of angiosarcoma tumor tissue exhibits haif the glycosaminogiycan content
reponed by Kojima et al. [44] for hepatocellular carcinoma. The increases in liver
and urinary glycosaminoglycans may well reflect the importance of these substan-
ces in the process of fibrogenesis and tumor growth. Aithough no significant -
differences were found in total glycosaminogiycans of vinyl chloride-exposed indi-
viduals with associated liver injury, there was a significant difference in the excre-
tion patterns of these individuals. Seventy-eight percent of them had positive
chondroitin sulfate fractions in contrast to only nine percent of the non-exposed
liver injury cases. Thus the change in the glycosaminoglycan excretion pattern in
individuals with pre-cancerous injuries may be of significant prognostic and
diagnostic importance [45).

The urinary glycosaminoglycan excretion patterns in an angiosarcoma patient 3
months to 2 weeks prior 10 death demonstrated an increase in the urinary chondroi~
nnsulfale&unmwnhachammmcomposmonuthedmasepmm
During this time, the chondroitin suifate composition showed a continuous increase
in the ratio of the 1.25 M NaC! to the 1.5 M Na(l fractions. This was due to an
increase in the 1.25 M eluate and a decrease in the 1.5 M eluate fraction and was 2.3
times greater than the controis. In the most advanced stage of the angiosarcoma the
ratio increased to 13.7 times greater [46]).

These very preliminary studies would suggest that alterations in the ratios of
these fractions’ compositions may be useful in evaluating the severity and
subsequent progression of disease. Early lesions may produce small changes in the
ratio which would become more pronounced as the disecase worsened. The
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determinatioa of this ratio might also be useful in identifying those individuals with
significant injury or continuing progression of disease despite changes in the

environment. Finally therapeutic measures for intervention might be better evalu-
ated for their effectiveness in arresting cancer dsvelopment as reflected by the
glycoummodycan changes which in tum reflect changss in collagen formation.

SUMMARY AND HYPOTHESIS s

Vinyl chioride appears to enter the body through the respimatory tract, the skin,
or by swallowing; it is absorbed and transported to the liver by the systemic and
portal circulatory systems. In the liver, the primary site of metabolism, it is
oxidized by various enzyme systems: alcohol dehydrogenase at lower exposure
levels; the peroxidase-catalase system at intermediate levels; and mixed function
oxidases at higher levels. At the higher levels, the mixed function oxidase system
transforms vinyl chloride to chlorooxiranes which are then spontaneously trans-
formed into choroethanol and chioroacetaldehyde.

These two intermediate metabolites, chloroethanol and chioroacetaldehyde, are
detoxified by conjugation with glutathione and cysteine-SH groups and are
excreted in the urine. At even higher doses increasing amounts of the chloroacetal-
dehyde are further oxidized to chloroacetic aciki and excreted as an end product in
the urine. However, when chioroacetaldehyde and/or the chioroexiranes exceed
the detoxification threshold of the hepatocyte, this leads to hepatoceflular toxicity
and/or stiroulation of the sinusoidal ceils. This acute cvent in turn acts as a stimulat-
ing mechanism for increased collagen deposition in the space of Disse and
sinusoidal areas as shown by electron and light microscopy stixlies. The increase in
the collagen depostion in sinusoidal spaces then leais to disruption of hepatic cell
surface function, disruption of the hepatic cords, coalition of the sinusoidsl spaces
and eventual peliosis hepatis. These lesions altemnately lead to sufficient vascular
dysfunction to add further to the biochemical manifestation of hepatic cellular
mpry.

Since it is highly unlikely that the unsatable chliorooxiranes are abls to be trans-
ported to adjacent cells and that the chioroacetaldehyde would most likely be
conjugated or detoxified within the hepatocyte, an intermediate form, such as
chioroethanol, which is transportable from. thg hepatogyte, may then move on (o
the adjacent sinusoidal lining cells, or possibly even further to other extribiepatic
tissue. At these extrahepatic sites, an intermediate, such as chloroethangl, may
then be converted to chloroacetaldehyde. The extrahepatic tissue sites are most
likely unable to further convert the chloroacetaldehyde to chloroacetic acid por to
detoxify it sufficiently, if at all, by their own dcthﬁqnoﬂ systems. This would
aliow a longer contact period with the cell’s DNA, In sddition many of the extra-
mmmmmwmmmammmmm thus
increasing the possibility of DNA dersingement and uitimate carcinogenesis,

Alternatively, vinyl chloride itself may be taken up by extrahepatic tissue,
oxidized but incompletely detoxified, allowing the cell itself to become susceptible
to direct DNA injury. In this or similar manner, chemical metabolites may induce
injury to the DNA in rapidly replicating cells at sites’ “beyond the liver, thus
accounting for other cancers developing with vinyl chloride,

The recent work by Maltoni's group, showing that exposure of newborn rats to
the same dose of vinyl chieride as aduit rats, results in primary hepatocellular
carcinoma (40—45%) rather than in angiosarcoma (8-12%), lends further support to
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the concept Ihat ihe hepatocyte’s abikiy (0 fesisi caacer mansisamaiion is
dependent upon its adiiity to d2toxify the mutagenicicarcinogenic meaboiite of
vinyl chloride.

This review of our present knowiedge of vinyl chloride injury and cancer
formation in man is, at best, a very rough hypothetical outline. With continued
investigation and study it will allow us to more accurately and completely fill in the
missing pieces of this fascinating puzzle, thus leading us to a better undarstanaing of
the pathogenesis of chemically induced cancer in the biologicaily complex human
system.
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The Effect of Repesated Vinyl Chioride Exposure on Rat Hepatic Metabolizing Enzymes,
Du, J. T.. TSENG. M. T., AND TAMBURRO, C. H. (1982). Toxicol. Appi. Pharmacol, 62, 1-
10. Sprague-Dawiey rats were exposed to 2.8% vinyl chiloride for 2 (70 hr), 4 (140 hr), and
6 (210 hr) weeks to determine the sequential biochemical changes reiated to the oxidation
and detoxification ability of hepatic tissue. Glutsthione-S-iransferase(s) activity using 1.2-
epoxy-(p-nitrophenoxy )propane and p-nitrobenzyl chionde as substrates was elevatad 17 to
24, 28, and 35 to 42% after 2. 4, and 6 woeks of exposure, respectively, suggesting enzyme(s)
induction. Reduced glutathione, the major substrate required to conjugate the toxic metabolites
of vinyl chloride, was also consistently elevated. Similarly, the activity of glutathione reductase,
the enzyme necessary for the regeneration of reduced glutathione from its oxwdized form, was
aiso increased following vinyl chloride exposure. Cytochromes P-450, the major protein in-
volved with vinyl chloride metabolism, was reduced after viny! chioride expoture, confirming
reports of others that vinyl chloride metabolites destroy P-430. No abnormalities of standard
clinical biochemical blood tests of liver function were found during 6 weeks of vinyl chloride
cxposure. The only consisient ultrastructural modification was the dilation of endoplasmic
reuculum. The biochemical and uitrastructural alterations could reflect early hepatocellular

adaptation to vinyl chionde exposure.

Vinyl chioride, at high concentrations, has
been shown to be carcinogenic in both lab-
oratory animals (Maltoni and Lefemine,
1975; Viola er al., 1971) and man (Creech
and Johnson, 1974). Present data support
the metabolism of vinyl chioride by hepatic
microsomal mixed-function oxidase system
into toxic intermediates, chloroethylene ox-
ide (Bolt et al., 1975; Hefner et al., 1975;
Kappus et al., 1976) and chloroacetaldehyde

' This work was supported by a grant from the Man-
ufscruring Chemists Association, Washington, D.C.
Portions of this study have been presented (Fed. Proc.
37, 1545, 1978).

! Present address: Clement Associates, inc., 1010
Wiscongin Avenue, N.W.  Suite 660, Washington, D.C.
20007,

’ Address requests for reprints to: Cario H. Tam-
burro, University of Louisville.

(Gross and Freiberg, 1969). These two in-
termediates are considered to be the ultimate
carcinogens (Barbin er al., 1975; Jaeger et
al., 1974b; Van Duuren, 1975), to be mu-
tagenic in bacterial systems (Eimore et al..
1976; Greim et al., 1975; Malaveille et al.,
1975; McCann et al., 1975), to act as an
alkylating agent by reacting with adenosine
(Barbin er al., 1975) and cytidine ( Laib and
Bolt, 1978), and to bind with protein (Boit
et al., 1976; Kappus et al., 1976, Watanabe
et al., 1978). Detoxification of these metab-
olites occurs mainly by conjugation with glu- -
tathione and is catalyzed by hepatic gluta-
thione transferases; the conjugates are
excreted in the urine as substituted cysteine
derivatives (Watanabe et al., 1976b,c; Green
and Hathway, 1975, 1977). Chloroacetal-
dehyde can be further oxidized to chloro-
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acetic acid (Hefner e al., 1975). These data
are compiled in a metabolic scheme in Fig.
1 as an updated hypothesized metabolic fate
of vinyl chloride in the adult rat. The me-
tabolism of chloroethylene oxide via epoxide
hydratase is not listed in the scheme because
its product has not been identided.

There have been a few in vivo studies con-
cerning the effects of vinyl chloride exposure
on hepatic concentrations of glutathione
(Hefner er al., 1975; Watanabe et al,, 1976c;
Du and Tamburro, 1978), cytochromes P-
450 (Reynoids et al., 1975) and on mixed-
function oxidase activity (Drew er al., 1975;
Reynolds er al, 1975). However, informa.
tion about the sequential aiterations in he-
patic oxidation and detoxification of vinyl
chloride, during prolonged exposure, simu-
lating the occurrence in workers, is still iack-
ing. It was reported previously that the en-
Zymatic changes in rat liver following
prolonged exposure to vinyl chloride were
similar to those found in rat hepatoma (Du
and Tamburro, 1976; Du et al., 1979). The

DU, TSENG, AND TAMBURRO

sequential biochemical changes related to
the hepatic oxidation and detoxification of
vinyl chloride following prolonged exposure
are reported here.

METHODS

Animals and experimemtal design. Eight- to ten-
week-old Sprague-Dawiey maie rats (~300g), sup-
plied by Laboratory Supply of Indianapolis, Indiana,
were randomized prior to the experiment into three
groups: & vinyl chioride-exposad group and the mir-ex-
posed group housed in identical chambers and a socond
control group housed in the University's Central Ammal
Care Centar. The exposure level was 28,000 ppm viny)
chlonde, 7 hr/day, 5 days/week for 2, 4, and 6 weeks.
The exposure chambers were 4400-liter airtight vats,
Vinyl chioride (~300 to 340 g) was added 10 the vat
to pave a timo-weighted sverage concentration of 28,000
+ 1000 ppm. The chamber air was changed daily and
the vinyl chloride concentration was determinad by gas
chromatography. The air was constantly circulated by
a stirrer. The rats’ respirations had negligible effect on
the compositioa of the chamber's atmosphere becsuse
of the chamber’s large volume. Animals were fod on
standard laboratory chow pellets od /ibitum,

All animals were anesthetized with ether, blood was
drawn {rom the inferior vena cava, and the snimals were

DETOXIEICATION WITH GLUTATHIONE
(v e) (CHLOROOX I RANE )
CLCH=CHy Yo a1 Ch- GS CtplHpOH e  N-Ac-S-(2-uvDROXY
- \ A o £TMYL) CYSTEINE
X )
/ ‘ V4
a f+6SH)
U2l e (] Oy e GS CHoCHO e GS CHyCOOH
GAST
(CHLOROE THANOL ) (CHLOROACETALDENYDE) THIODIGLYCOLIC ACID
C1 CiloCOOH
(CHLORGACETIC ACID)

Fia. . The proposed metabolic fate of vinyl chloride. (GSH, glutathione; MFO, mized-functioa
oxidase; YC, vinyl chioride: GEST, glutathione S-epoxide transferase; and GAST, glutathione S-al-

dehyde transferase),
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wnsd ar=raumately 20 hroafter svoosurs At L 90 pm
2z day

N ADPH, glutathione. and glutathione disultide were
cciuned rom Sigma Chemical Company. St. Lous,
Missouri; 1.2-¢pory-3-{ p-nitrophenoxy)propane was
purchased from Eastman Kodak Company, Rochester,
New York: p-mitrobenzyl chionde was obtained {rom
Matheson, Coleman and Bell, East Ruytherford, New
Jersey: benzphetamine was donated by the Uplohn
Company, Kalamazoo, Michigan. Double-distilied waier
way used throughout.

Sampie preparation and biochemucal determinarion
Homogenates and subcsilular fracrions were prepared
as described previously (Du er al, 1979). Each sample
was prepared (rom a singie organ and kept st 4°C duning
preparation. The remaming liver was frozen rapdly n
liguid mtrogen and stored at ~70°C. Cytochromes £-
=10 concelifalions ~ere GEermined IR tie lrozen mi-
crosomai ;ractions the day foldowing sacrifics. The giu-
tathione ((GSH) concentration, as well as glutathione-
Sstransferase, glutathone reductase, and mixed-func-
tion oxidase activities were determined in the freshly
fracuooatod frozen liver. For the assays uung frozen
tussue, the livers from control and expenmental rats were
frozen in an denucal maaner for the same leagth of
time. Cytochromes 2-450 concsatrauon (Omura and
Sato. 1964), noaprotemn suifhydryl content (Sedlak and
Lindsay, 1968). and glutathione roductase activity
(Cariberg and Mannervik, 19735) wers dmtarmined in
the microsomal or cytosol {ractions by methods de-
scribed previously (Du er al, 1979).

Glutathione-S-transferase activity was determined
using the 100,000 X g supernatant fractioa. 1.2-Epoxy-
1 p-nitrophenoxy Joropane and p-nitrobenzyl chionde
were the substrates for glutathione-S-eporide transier-
ase and glutathwone-S-araikyl transfersss (GAST), re-
spectively. Enzyme activity was determined as described
by others (Habig et al., 1974; Kaplowitz e al.. 1975).
All assays ware linsur functions of protsin concentration
and umed for at least 2 min. Solutions of 1.2-epoxy-3-
(prnitrophenoxy)propans and penitrobenzyl chionde
were prepared in absoluts ethanol; the final ethanol con-
centration in the incubation mixture was 0.5%. Mixed-
function oxidase activity was estimsted in the micro-
somal fraction by messuring NADPH disappesrance
in the NADPH-depsndent demathylstion resction of
benzphetamine (Lu e o/, 1972). The protein cootent
was determined by the method of Lowry er al (1951).
The serum climicai liver tems including aspartats ams
notransferase, alanine aminotransferase, atkaline phos-
posatase, bilirabip, cholesterol, and triglycende were
desrmined by Technicon sequeatial muitipis anaiyzer
computar (SMAC) systam.

Light and electrom mucroscopy. Small stripe of liver
wers removed under cther aoesthesia, sliced into smail
cubes, placed immediately in ica-cold 1% csrmum te-
troxide (pH 7.4), and fixed for 2 hr at 4°C. Subse-
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cuenily samplies were vashad cvernignt in shisghate

bulfer. dehvdrated 1n ascending aicohol. and erbedded
in Epon. Tissue blocks were polymerized at 60*C for
2 days. Thin sections were cut with a diamond kaife and
stained with uranyl acetate and lead citrate before ex-
amunation on a Philips 300 ciectron microscope. For
uitrastructural anaiysis, three rats randomly sslected
from controls and groups expossd for 2, 4, and 6 weeks
to vinyl chionde were studied.-

For light microscopy, a block of tissue was fixed n
buffered formalin and processed routinely for paraffin
embedding. Sections 6 wm thick wers stauned with he-
matoxylin and eosin.

Stansucal anaiysis. Anslysis of vanance was per-
formed for the various groups at the different time pe-
riods and muitipie comparisons were performed based
on the resylts of the anaiysis of vanance.

RESULTS

The protein content (mg protein/g liver)
in the subcellular fractions in both control
and vinyl chioride-exposed groups was the
same throughout the exposure (data not
shown); the enzymatic resuits, therefore, are
expressed as micromoles of substrate con-
verted per minute per milligram of protein.

There were no statistical differences be-
tween the normal and air-exposed groups in
the glutathione and cytochromes P-450 con-
tents or in any of the enzyme activities. The
nonprotein sulfhydryl content (Table 1) was
significantly elevated from 26 to 54% at 2,
4, and 6 weeks in the vinyl chloride-exposed
group compared to both control groups. Al-
though the nonprotein sulfhydryl content in-
creased with exposure, the increases were
not statistically significant, Glutathione re-
ductase activity (Table 1) in the exposed
group was increased by 53 to 77% at all three
time periods. The increase in giutathione
reductase was the same at 2 and 4 weeks of
exposure but showed a further significant
increase after 6 weeks of exposure. Gluta-
thione-S-epoxide transferase (GEST, Table
1) and glutathione-S-aralkyl transferase
(GAST, Table 1) activities were signifi-
cantly higher than controls after 6 weeks of
exposure, 37 and 45%, respectively. The cy-
tochromes P-450 content, on the other hand,
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TABLE )

SEQUENTIAL CHANGES IN HEPATIC NONPROTEIN SULFHYDRYL, CYTOCHROMES P-450 CONTENT AND ACTIVITIES OF GLUTATHIONE REDUCTASE AND

GLUTATHIONE-S-TRANSFERASES { EPOXIDE AND ARALKYL) IN RATS EXPOSED TO VINYL CHLORIDE®

Time (weeks)
Trealtment ] 2 4 [

Nonprotein sulfhydsy! Normal control 79+ 03 78 + 0.4 1 £ 0.4 69 + 0.4*
{umol/g liver) Vinyl chloridc-cxposed — 94 + 0.2 10.2 ¢+ 0.6* 114 2 0.6

Air conltrol - 7120 69 t 0.4 19 + 0.¥

Glutathione reductase Normal conirol 50 + 0.2 41t 04 42 ¢ 0.4 48 = 0.3*
(100 X umol/min/mg Vinyl chloside-cxposed - 6.7 £ 0.6* 63 & 0.5 89 t 0.7

protein) Air control — 45 1 0.7 37z 0¥ 53 + 0.4

GEST (100 X umol/f Notmal control 91 % 16 78 + 04 15110 172 10
min/mg proscin) Vinyl chlosride-exposed — 9.1 x 1.7 T x 0¥ 1o x 5.3

Air coatrel — 81 t 1.2 63 2 0% 84 + 09

GAST {10 X umol/ Normai control 24 £ 04 21103 19 + 0.2 24 £ 0.3
mia/mg proicin} Viayl chloride-cxposed - 26 + 04 14203 32 t 0.1%

Air control - 22 1202 L9 + 02 2t + 0.7

Cytochrome P-450 Normal coantrol I70 £ 3.7 171 2 1.7 19.7 £ 1.3 15.5 = 1.4
‘(nmol/g liver) Vinyl chloride-cxposed — 132 £ LI 153 + 1.3 106 £ 1.0*

Air comtrol — 155 + 1) 19.6 + 27 143 & 1.8

* Rats were exposed 1o 28,000 ppm of vieyl chloride; normal controls and the air controls were exposed 10 air only. Each number represents the mean and the SEM

from a groQp of six rais.

* Normal vs vinyl chloride-cxposed, p < 0.05.
“ Air conlrol vs vinyl chloride-cxposed, p < 0.05.

“ Vinyl chioride {6 weeks) caposed vs vinyl chloride (2 and 4 wecks) exposed, p < 0.05.
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1). No differences were found in the hepatic
mixed-function oxidase activity or in the
serum clinical liver tosts. After 2 wesks of
exposure. the two control groups had gained
welght dut the vinyi chionde-expused group
did not (Table 2). After 4 weeks of exposure,
the normal control group housed at the an-
imal care center had gained significantly
more weight than either the air-control or
viny] chloride-exposed group. After 6 weeks
of exposure, however, the vinyl cnloride-ex-
mosed group faned (o gain seigal the acr-
mal control group zainea more than the air-
controi group (Taodis 2).

Morphological examination revealed poly-
hedral hepatocytes arranged in irregular
plates interposed by vascular sinusoids in the
livers of the control rats. This general cy-
toarchitecture was maintained after vinvl
chloride exposure. Hepatocivtes in control
rats contained a prominent spherical nu-
¢leus, numerous ovoid mitochondria, stacks
of rough endoplasmic reticulum (RER),
some aggregates of smooth endoplasmic re-
ticulum (SER), and varying amounts of ly-

FFICT ON

INITMES -

scsomes und zlveogen zamisles (Fig 2a).Faw
intersiinal cells were scattered imuoag ihe
hepatocytes. These cells contained few cy-
toplasmic organelles and could be readily
discerned at the light microscopic level by
their hyperchromatic nuclei. The sinusoids
were linked by fenesiraied endotaciium and
some of the lining cells displayed phagocytic
activity. After 2 to 6 weeks of vinyl chlonde
exposure, the principal organeile affected
appeared to be the endoplasmic reticulum.
Cisternae of the RER became dilated in a
relatively small population of the hepato-
cvtes in the 2-week lreatment gzroup. Four
weeks after exposure to vinyl chioride,
patches of dilated endoplasmic reticulum
were prominently displayed in some hepa-
tocytes (Fig. 2b). At this stage the SER was
reiatively unaffected. In the 6-week treat-
ment group, vesiculation of SER and dis-
tention of RER were casily discernible in a
large number of hepatocytes (Fig. 2c). How-
ever, other cell organelles showed no de-
monstrable change. These changes, though,
are stiil beyond the resolving limit of the
light microscope. The nonhepatocyte com-
ponents showed minimum changes which

TABLE 2

BObY WRIGHTS OF RATS BEFORE AND AFTER VINYL CHLORIOE EXPOSURE’

Duration nital weight Final weight Percentage
(week) Treatment ¥ (s) gain
2 Normal control 400 = 15 43} = 16 g

VCeexposed 408 = 12 196 = 14 =2
Air control 196 = 17 414 = 18 b
4 Normal control 98 = 8 450 = 1S 130
VC-axposed 410 £ 16 421 = IS 3
Air comrol 395 = 10 419 = 5 &
3 Normal control 402 £ 14 = 14 218
VC-axposed 196 = 9 398 = 10 <l
Air coatrol 198 = 14 4“9 = 4 13

* Analysis of body weight was by regresuon anaiysis followsd by an analysis of vanance on the reiduals from
the regression equation. (Remdual = observed final weight ~ predicted final weight from regression squatioa. )

* Normal control v vioyl chioride sxposed, p < 0.05.
* Air coatrol vs vinyl chiorids exposed, p < 0.05.
“ Air coatrol vs normal control, p < 0.05.
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wers characterized by an increassd accu-
mutation of lvsosomal-like substances in
some of the sinusoidal lining ceils as weil as
a greater tendency to accumuiate lipids in
the interstitial cells (Fig. 2d).

DISCUSSION

Glutathione conjugation is an important
pathway for the metabolism of potentiaily
harmful electrophilic metabolites of xeno-
biotics. Studies by Watanabe e af. (1976b,¢)
indicats this to be the major mute for in-
activation of the vinyl chloride matabolites.

Giutathione-S-transferases are a group of
cytosol enzymes catalyzing the reaction of
glutathione and electrophilic compounds to
form less toxic and more water-soluble con-
jugates. Their activity during chronic ex-
posure to xenobiotics, like vinyl chloride,
could be a key determinate in the uitimate

outcome of such exposures as illustrated by-

the longer arrow in Fig. 1. The increase in
hepatic GEST activity at 4 weeks and the
later increase in GAST activity at 6 weeks
suggested that in the earlier stages of ex-
posures most of the chiorooxirane interme-
diate is being adequately detoxified. During
the later stages of chronic exposure, more
chlorooxirane may become rearranged to
yield more chloroacetaldehyde and, in turn,
react with other availabie glutathione trans-
ferases or become further metabolized to
chloroacetic acid. Alternatively, the exces-
sive chlorooxirane could rearrange sponta-
neously to form chioroethanol and be further
oxidized to chloroacetaidehyde, which in
turn may react with glutathione, or be oxi-

dized to monochloroacetic aod  ihmson,
1967). This would be :onsiziznt -with the
later increases in the aralkyl-transferases
and the finding by Hefner ez af, (1575) that
monochloroacetic acid is found only in the
urine of rats exposed for an extended time
to higher levels (5000 spm) of vinyl chloride,
The increased use of alternate pathways, for
chlorooxirane and chloroacetaldehyde de-
toxification. may reflect increased concen-
tration of these active metabolites allowing
greater opportunity for DNA injury.

A singie exposure to vinyl chiornide de-
crrased hepatic nonprotein sulfhvdst som-
pounds in rats (Watanabe, 15758a}; similar
decreases of glutathione concentrations were
produced in rats by other xenobiotics such
as |,]1-dichloroethylene (Jaeger er al., 1974a;
Reichert et al., 1978) and acetaminophen
(Mitchell er al., 1973). In the present study,
repeated exposure to vinyl chloride caused
a significant increase of nonprotein sulfhy-
dryl concentrations (Table 1) analogous to
the elevation of glutathione conceatrations
seen after the administration of carcinogens
to rats (Fiala et a/., 1976). In addition, the
results showed that repeated exposure to vi-
nyl chloride also caused an increase in he-
patic glutathione-S-transferase activity ( Ta-
ble 1) similar to that seen after the
administration of phenobarbital and 3-meth-
ylcholanthrene to rats (Mukhtar and Bres-
nick, 1976). These data suggest a mecha-
nism for compensatory synthesis of hepatic
glutathione and glutathione-S-transferases
after repeated exposurs to vinyl chioride.

The decreased concentration of cyto-
chromes P-450 found in rats after repeated
expasure to vinyl chloride (Table 1) is con-

Fic. 2 (a) Portion of & hepatocyte from control. Stacks of rough endaplasmic reticulum (RER) are
separsted by many qwoid mitochomdria (M). Chromaun is Gnely dispersed in the nucleus (N).'9300x,
(b) Hepatocyts after 2 wenks of vinyl chioride exposure. Dilation of RER appeared widespreud in thess
two cails. Bile (B) canaliculus sppesrwd unaitered in thess rats. 5300X. (¢) Four wesks after vinyl
chloride exposure. Golgi complax (G) appeared unaffected wiile cisternal dilation continued. Distinction
betwesn SER and RER is complicated by the detachment of ribosomes. Lipid dropiets (L) sod glycogea
(GL) often sccumulated. 93500%. (d) A fat-storing interstitiai cell is surrounded by seversl hepatocyus
in a vinyl chiovide-treated snimal. Unlike lipid stored in hepatocytes, the shape of lipids (L) appeared

irregular in thess cuils. 8000,
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sistent with work by Reynolds et al. (1975).
This decrease in cytochromes £-450 content
was also shown in vitro (Guengerich and
Strickland, 1977; Ivanetich ez al., 1977) sug-
gesting that a metabolite of vinyl chloride
destroys the cytochrome. Mixed-function
oxidase activity, with benzphetamine as sub-
strate was unaltered.

With regard to the structural alterations
produced by vinyl chloride, the present find-
ings confirmed previous obscrvations on the
selective effect of this carcinogen in the en-
doplasmic reticulum (Du er al, 1979). A
gradual increase in the number of hepato-
cytes affected and the involvement of both
smooth and rough ER were shown in this
study. The endoplasmic reticulum is the pri-
mary site of protein synthesis and its dilation
suggested the presence of a vinyl chloride-
reiated effect. The lack of a concomitant
Golgi hypertropy is noteworthy since this
organelle serves as the site of glycosylation
and packaging of many exportable proteins.
[t may be inferred that the vinyl chioride
cffect is mainly an intracellular phenome-
non. The relatively late involvement of SER
could reflect a further attempt at detoxifi-
cation by the hepatocyte. The tendency for
the interstitial cells to accumulate lipid and
the heightened phagocytic activity correlate
with increases in collagen formation and
may be evidence of low-grade cellular injury.
This may prove to be the initial histological
response to vinyl chloride exposure.

Ultrastructural responses to chronic in-
halation of vinyl chloride were reported by
Feron er al. (1979). Unlike our findings, the
principal effects observed were swollen mi-
tochondria and some proliferation of SER.
The mitochondrial swelling presumably re-
flects the extensive vacuolization obscrved
by light microscopy. The discrepancy prob-
ably resulted from differences in the dose
and duration in vinyl chloride exposure since
Feron et al. (1979) exposed rats to 5000 ppm
vinyl chloride for 52 weeks. Such an exten-
sive mitochondrial lesion could result in bio-
chemical modifications such as a change in

ATPase or cytochrome oxidase levels. The
only enzyme activity measured, glucose-6-
phosphatase, was reduced.

The authors believed that the altered glu-
tathione metabolism, as reflected by the in-
creased nonprotein sulfhydryl content, and
the increased activities of glutathione-S-
transferases and glutathione reductase, in
rat liver after repeated exposure to high
doses of vinyl chloride represent an early
hepatocellular adaptation to vinyl chloride
exposure.
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Effectiveness of Federally Required
Medical Laboratory Screening in the
Detection of Chemical Liver Injury

by Carlo H. Tamburro* and Richard Greenberg*

The increasing concern of industrialized societies over the potential health hazard of synthetic
chemicals in the occupational environment has led to goverment requirements for medical
laboratory screening of workers. The specific tests for such screening programs are most often
selected on the basis of medical experience which utilized them in symptomatic or hospitalized
popuistions. Required screening tests for hepatic injury including cancer in vinyl chloride
workers has been systematically and prospectively studied in an industrial popuiation working
with synthetic rubber and piastics. Approximately 1300 employees were studied over a five-year -
period. A cohort of 969 male employees, for the purposes of analysis, were divided into a
“standard” and “nonstandard” population bused upon the absence or presence of significant
medical disense tineluding liver di ). A subcohort of 120 individuals was further identified
based on availabiliity of liver hiogay. Evaluation of federatly required studies included alkaline
phosphatune (AP), v-giutamyl transpeptidase (GGTI), alanine aminotranserase (ALT, SGPT),
anpartic nminotransferase (AST, SGOT) and bilirubin (11R). Also studied were indocyanine green
clearnnce (1CG) nnd rdinisotopic liver spleen senns (123 seans). The GUTY provided the highest
positive predicted value us 2 screening Lest for identifying “nonstandard” individuals (individuals
with all types of medical disease) followed hy 1CG, AST, ALT, L-S scan, AP, and BR.

In the identification of asymptomatic liver dinensne the GGTI had the Jsast specificity due to a
high false positive rate, while the Al* provided the highest specificity. The ICG clenrance
however, provided the best combination of positive predictive value and sum of specificity and
sensitivity. The AP provided additional increase in specificity as a follow-up study. There was no
evidence that any of the other federaily required tests added any additional benefit and did add
significant increase in the faise positive rate. These studies support the need for evajuating
screening tests as to their sensitivity, specificity and positive predictive value, in asymptomatic
individuais, before they are made established requirements.

introduction

Industrialized societies throughout the world
have become increasingly concerned over the poten-
tial heéalth hazard of synthetic chemicals in the
occupational environment. Governmental regula-

tions have increased the number and types of

medical laboratory screening required for a larpge
variety of halogenated hydrocarbons as well as
other potential environmental hazards. The pri-
mary objective of these screening programs is to

*Liver Research Center, Division of Digestive Dirvases,
Department of Medicine, and Department of Community Health
and Cancer Center, University of Lowsville 3chool of Medicine,
Louisville, Kentucky 40201.
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reduce disability, morbidity and mortality in work-
ers, especially as related to serious low-grade
health hazards. In general, screening programs are
instituted because of the presence in the work
environment of a suspected or proven environmen-
tal toxin or carcinogen, which has the potential of
producing low-grade injury over long perinds of
exposure.

Most screening studies are directed toward the
detection of abnormalities in certain body systems,
The specific tests are frequently selected on the
basis of medical experience which utilized them in
symptomatic or hospitalized populations. Prior expe-
riences utilizing nonspecific muitiphasic health sur-
veillance sereening and maintenance have not proven
to be cost effective except under certain limited
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conditions (1). The cost effectiveness of such tests,
however, in the determination of medical screening
requirements, has played a limited role due to the
potential seriousness of these occupational agents.
Little attention has been paid as to whether the
effectiveness of federally required screening pro-
vides the best or, more importantly, a necessary
benefit when applied to asymptomatic and other-
wise healthy worker populations.

The discovery in 1974 of hepatic toxicity and
cancer formation in vinyl chloride workers provided
the opportunity to systematically and prospectively
study the effectiveness of federally required and
federally recommended medical screening proce-
dures for the detection of chemical liver injury,
including cancer development (2). Table 1 lists the
federally required medical screening procedures
since 1974 for environments utilizing vinyl chloride
or polyvinyl chloride. Table 2 lists the federally
recommended studies for these same environments.
This paper will present a preliminary assessment of
the effectiveness of these federally required studies
in the accurate detection and identification of chem-
ically induced liver injury due to halogenated hydro-
carbons, espeeially vinyl chloride.

Materials and Methods

The industrial population studied consisted of
approximately 1200-1400 employees of a chemical
plant whose two major products were synthetic
rubber and plasties. The industrial plant had been
in operation for over 35 years and had a predomi-
nance of male employees (96%), approximately
80-87% of the work force being white, 11-12%
black, less than 1% of other racial origins, Turnover
of the plant was approximately 10 to 15% per year
with 65-70% of the work force having worked five
years or more at the plant. Employee ages ranged
from 18-65, with a4 mean of 52 years.

A cohort consisting of 969 male employees who
worked continually from June 1, 1976 to May 31,
1977 was, for purposes of this analysis, divided into
a “staridard” and a “nonstandard” population. These
designations were given on the basis of a review of

Tabie 1. Federnily required studies for vinyl chloride workers.

History and physical

< 10 years as vinyl chloride worker—(annual)

> 10 years as vinyl chloride worker—(semiannual)
Biochemical studies

3GOT (AST)

SGPT (ALT

GGTP

AP

TB
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Table 2. Federnlly recommy nded (not reuuired) studies.

Hepatic studies
LDH isoenzyme
Total protein
Protein electrophoresis

Hb, Ab

Raaiouownic scan
Kidney dysfunction (urine examination)

Albumin

RBC

Exfoliative abnormal cells
Puimonary system

FVC

FEV,

Chest x-ray (PA and lateral)

a]l present standard medical data on each employ-
ee, including the federally required studies. Other
screening studies of the medical surveillance pro-
grams were not utilized in the classification of
overall medical status because, at that time, their
clinical usefulness was unknown or controversial.
All studies were performed on an annual basis;
those individuals with ten years or more of employ-
ment were examined and screened semiannually,
Compliance with medical screening studies during
the five-year study period showed a continuous
participation in the history and physical examina-
tions by over 75% of the work force, laboratory
testa and chest x-rays by 86%, and liver-spleen
scans by 85%, Seventeen percent failed to undergo
at least one history and physical examination,
9% did not have any of the radiological studies,
and only 4% failed to have laboratory studies
during this period. Approximately 40-50% of these
individuals who did not undergo an examination
claimed to have been examined by their private
physician.

A subcohort of 120 individuals was further identified
based on the availability of a liver biopsy performed
for medical reasons, both related and not related to
their work,

The term “standard” is used for those individuals
who, based upon the best medical opinion, demon-
strated no evidence of any significant medical
disease, occupational or nonoccupational in origin.
The “nonstandard” population included all others
not included in the standard population. |

The subcohort population was divided into those
individuals with and without histological evidence
of liver injury and further subdivided into those
with and without histological features characteris-
tic of chemical injury.

All employees had individual work histories.
These consisted of a standardized job classification
for all jobs within the plant since its opening and a
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vected or potentially hazardous heptatoxic chemi-
cals used within the work place (J-3). The agents
were rank ordered on the basis of the intensity of
exposure for each of the job classifications for each
of the years that the plant was in operation. From
this detailed work history, a cumulative exposure
ran month ration (CERM) was determinea for each
employee for each of the 22 chemicals. All histologi-
cal material was classified as to the presence or
absence of liver disease, and to whether the abnor-
malities were consistent with chemical or non-
chemical injury. This classiflcation was conducted
double blindly by three experienced physicians,
two pathologists. and a hepatologist (5), without
knowledge of any medieal data, exposure or work
history.

Results

Although 50 or more biochemical screening tests
were performed during this study period, this
paper will limit itself to the evaluation of the
federally required studies, the indocyanine green
clearance (ICG) study at the 0.5 mg/kg dose (7, 8
and radioisotopic liver and spieen scan (9). The
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Ficuag 1. Positive predictive values of scresning tests in
identifieation of medical disesse in an ssymptomatie working
popuistion (N = 969). All thoae sereening tasts with positive
predictive values of greatsr than 70 are shown except for
indireet bilirabin (due to high number of congenital indirect
hyperbilirabinemia) and trigtyceride determination. Above
each bar in the graph are shown the sum vaiues for
sensitivity and spectficity of each test. They generully follow
the same ranking.
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Fwvre 2. Frequeney with which clinical biocherical tests cor-
rectly reflex the presence of hepatic damage in chemieal
workers sustected of having liver disease: (SGPT) alanine
arurorronsfersse (ALTY (GGTY y-glutamy! ‘ranspeptinase,
(3G0T) aspartic aminocransferase (AST), (Alk. Phos.) alka-
line phnspnatase, (ICD) isocitric dekvdrgenase (ICG) Indo-
cyanina Green clearances at 0.5 and 5.0 mg/kg dose.

federally required biochemical studies include atka-
line phosphatase (AP), y-glutamyl transpeptidase
(GGPT), alanine aminotransferase (ALT/SGPT).
bilirubin (ALT/SGPT), and the aspartic amino-
transferase (AST/SGOT). -

The positive predictive values of these sereening
tests in identifying medical disease (including liver
disease) in this asymptomatic working population
are shown in Figure 1. The GGTP provided the
highest positive predictive value as a screening test
for “nonstandard” individuals. It also provided the
highest sensitivity and specificity sum shown in
brackets. The predictive value of the other tests, in
decreasing positivity were ICG, AST, ALT, liver
and spleen scan, AP, and bilirubin,

Further evaluations were conducted on the
subeohort population in whom we had both histolog-
ical and biochemical data concerning hepatocellular
damage. If one looks at only those individuals who
received liver biopsies for suspected liver disease
then one would find the percent of positive tests as
illustrated in Figure 2. The ALT (SGPT), GGTP,
AP and AST (SGOT) demonstrate a very high
degree of sensitivity in identifying individuals with
hepatic disease. As shown on the right, ICG
clearances at the 0.5 mg/’kg level provide a similar
degree of sensitivity to SGOT and AP. The higher
dose ICG clearance (5 mg/kg) appears to provide
the most sensitivity for latent hepatic diséase.
These findings are consistent with the general
medical experience with hospitalized patients.

Sensitivity alone however is not an adequat
indicator of a test's screening value, especially
when used in asymptomatic individuals. More appro-
priate evaluation of these tests’ value as screening
instruments are shown by their sensitivity, specificity
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FiGure 3. Sensitivity and specificity of various biochemical
screening tests and their sensitivity and speafieity sum
values (S & S) based on 78 with biopsy documentation of their
hepatic status and all of the biochemical screemung studies
listed. All acreening tests with S & S suma less than 110 (e.g.
bilirubin and isocitrie dehydrogenase, are not illustrated.

and sum values shown in Figure 3 in the biopsied
subpopuiation, Here again, v-glutamyl transpeptidase
and ICG clearance (0.5 mg dose) show the greatest
sengitivity for identifying individuals with liver
disease. However, GGPT had the least specificity,
reflecting its high incidence of false positives.
Specificity inereased with the use of AST, ALT,
and ICG clearance. The alkaline phosphatase pro-
vided the highest specificity, suggesting that mild
or low grade chronic hepatic injury due to environ-
mental agents may be activating hepatic AP syn-
thesis in the absence of biliary tract obstruction or
cholestasis. The ICG clearances, even at the low
dose (0.5 mg/kg), clearly remains the test with the
best combined sensitive and specific screening study
for detection of individuals with subclinical hepatic
disease.

This subcohort biopsied group was further exam-
ined on the basis of the histological interpretation of
their liver biopsies and their work exposure to vinyl
chioride. All biopsied individuals were subdivided
into three groups: 19 with histological evidence
consistent with chemical liver injury; 30 with histo-
logical evidence of liver disease, nonchemical liver
injury; and 29 with normal liver biopsies. Each of
the histological subgroups were further subdivided
based on their vinyl| chloride exposure, on a scale of
1 to 4 (Fig. 4).

The chemical liver injury group contained the
highest pereentage of individuals with the highest
average rating (CERM) for vinyl chloride expo-
sure. In contrast, with those with liver disease,
nonchemical, and those with normal livers have a
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Figure 4. Correiation between the histologic findings on liver
biopsy and each individual's average total vinyl chionde
exposure based on their average CERM (Cumulative Expo-
sure Rank Months) ratings, Rankings: 1 = lowest possible
exposure; 2 = minimal exposure, low leveis; 3 = moderate
exposure; 4 = worked in aress subject to occasional high
excursions, or frequently high and/or had intimate contact.

more even distribution of individuals relative to
their degrees of vinyl chloride exposure. -

In our previous studies we noted that almost all
individuals with histologically specific lesion of
vinyl chloride injury or angiosarcoma had a total
average CERM rating of 3.5 or greater. The
asterisk in Figure 3 indicates the percentage of
individuals in each of the three histological groups
with exposure ratings of 3.5 or greater. Again, the
chemical liver injury group have the highest per-
centage of individuals with the high exposure
ratings. This further supports previous work (4, 10)
identifying focal hepatocellular hyperplasia as the
earliest histological characteristics of chemical injury
in liver disease.

A study of the frequency with which these tests
are positive among. those individuals with liver
disease, based on their histological findings (chem-
ical versus nonchemical), provides additional data
supporting the clinical observation that an increased
AP has a greater specificity for chronic liver injury.

Figure 5 shows the ratio of the proportion of
positive screening tests in those with histological
chemical liver disease divided by the proportion of
positive tests in those whose disease is not of
chemical origin. All tests, independent’ of their
sensitivity and specificity for liver injury, were
more frequently abnormal in the presence of
nonchemical, subelinical liver injury, except for
AP. In contrast, AP was far more frequently
abnormal in those individuals with chemical liver
injury, which tended to be more chronic than acute
and generally less severe.
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Discussion

This preliminary systematic review of the posi-
tive predictive values and the sensitivity and
specificity of federally and some non-federaily
required tests for chemical workers provides the
first scientific and biological basis for the selection
of medical sereening tests for liver injury in occupa-
tional environments, Although these commonly
used medical tests have been found by clinical
experience to be effective as diagnostic tools in the
symptomaticaily ill or hospitalized population, little
clinical work has been done to determine their
ability to accurately separate biological variations
from early latent or underlying disease in asymp-
tomatic individuals. Tests which provide very high
false-positive.rates (decreased specificity) such as
GGTP, interfers with the screening process identi-
fication of the high risk worker by the extra time
and cost required for repest testing, the decreased
productivity for the employer, the- employees’
inereased anxiety, and by the loas of confidence in
the effectiveness of the testing program by both
employees and employer. Determination of the
sensitivity and specificity of screening studies for
asymptomatic individuals is essential if effective
recommendations are to be made a federal require-
ment. This evaluation process aiso provided the
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5esl Medns Wi deVew Dty eifEiive thes® Doll s
for the seresming progrulll Tl sAuniile. in this
purticiiar pottaiien of milsirial Aorhess, we
have shown that the assessment of hepatic function
is best accomplished by low dose [CG clearance (0.5
mg'kg). The ICG clearance is somewhat a more
complicated technique (i.2., injection of substance
and reveated biood sampling) hut reauires oniv 10
min to perform, and needs only one needle stick. In
exchange it provides the best singular sereening
test for latent hepatic injury. If adequate medical
facilities are not easilv accessible, then ALT should
be substituted. If either ICG clearance andror ALT
studies are found to be abnormal, an AP should be
done and a diagnostic work-up instituted to deter-
mine the etioloay 11D,

The rationale for these recommendations is Gased
on the actual study of chronie subacute chemieal
injury in an asymptomatic population, not preselected
because of signs or symptoms. Therefore the test's
ability to correctly differentiate disease from
nondisease or one type of injury from another is
more accurately determined. Chemical and envi-
ronmental agents of low toxicity tend to produce
repeated or persistent injury which accumulates
over time. Tests which measure overall functional
capacity quantitatively or semiquantitatively, rather
than measuring acute low-grade injury over time
are more likely 1o detect changes. For this reason,
clearance or tolerance studies provide the best
means for identifying latent hepatic disease, while
enzyme studies like ALT, GGPT, and SGOT usu-
ally reflect acute cellular injury of higher grade or
degree and cannot accurately reflex accumulative
damage until very late in the disease process. Tests
which provide information concerning the progres-
sion or nonprogression of injury will be far more
helpful to the practicing occupational physician.
They provide him/her with a better capability to
discern between nonoccupational and occupational
disease, and the best available reassurance for the

worker of his or her safety while allowing the -

greatest possibility for continued productivity and
employment.

Finally, these data provide a sound scientifie
basis upon which to modify federai requirements.
The removal of specific testing requirements which,
with fleld experience, prove not to have any signifieant
positive predictive value, or effective sensitivity
and specificity will aid in reducing overall cost and
help maintain continued compliance by industry
and workers. There may ba theoretical reasons to
maintain or-continue some of the present federally
required screening studies, but these reasons should
be separately identified and not be confused with
the purposes of the more effective test in the
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detection of occupationally related liver injury.

The capabilities and limitations of any new tests
or old tests for new screening purposes in detection
of other potential occupational hazards, should be
validated before making them a required screening
procedure. This would lay the foundation for sys-
tematic determination of effectiveness of screening
procedure against a proven standard. Unvalidated
federal requirements provide the worker and
employer with a false sense of security and safety
by what is believed to be effective monitoring.
More importantly, such a situation can lead to delay
in effective correction of cause and disease preven-
tion.

Conclusions

Biochemical screening for hepatic injury in asymp-
tomatic chemical workers can be done most effec-
tively by the use of liver specifie clearance studies.
ICG clearance provides the best combination of
positive predictive value and sensitivity and specificity
for functional hepatic testing at the present time,

None of the present federally required studies
provide any significant degree of sensitivity with-
out marked reduction in specificity in asymptomatic
individuals.

The ALT (SGOT) is the most useful among those
Federal tests presently required and the alkaline
phosphatase may provide additional specificity as a
follow-up study in those individuals with positive
ICG or ALT screening studies.

There is no evidence that any of the other federal
studies add any benefit and strong evidence that
they significantly increase the false-positive results
in well individuals.

All screening studies should undergo evaluation
as to their positive predictive value and sensitivity
and specificity in asymptomatic individuals before
becoming permanent or established requirements.
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URINARY GLYCOSAMINOGL
ANGIOSARCOMA OF THE LIVER

KeviN L. Curran, BA, MS, Crarres E. KupcHeLLA, PuD,
anD Carro H. Tameurro, MD

Glycosaminoglycans extracted from 24-hour urine specimens from patients
with hepatic angiosarcoms and from normal/controls were separated as cet-
ylpyridinium complexes into “‘hyaluronic acid,” ‘‘chondroitin suifate,”” and
““heparin®® fractions, then further separated and characterized by anion-ex-
change chromatography and hyaluronidase susceptibility. The chromato-
graphic pattern of the urinary chondroitin sulfate fraction in patients with
angiosarcoma of the liver differed from those of controls in that there was a
relative increase in the total amount of uronic acid in a hyaluronidase-resistant
fraction and a decrease in a fraction susceptible to hyaluronidase digestion.
These changes appeared to become more pronounced with advancing disease.
Chromatographic patterns and determinations of hyaluronidase susceptibility
indicated that the resistant fraction was heparan sulfate and that the susceptibie
fraction was chondroitin—4-sulfate and/or chondroitin-6-sulfate.
Cancer 40:3050-3033, 1977,

YCAN PATTERNS TN

THE EMERGENCE OF ANGIOSARCOMA OF THE
liver and its relationship to vinyl chloride
exposure*” has prompted a search for methods
to detect this lesion. Although svstematic
screening programs are currently in opera-
tion.'®* there is still no single chemical in-
dicator which is specific for angiosarcoma or for
changes which may precede this disease.

The association of clevated tissue glycosami-
noglycans {(GAG) with tumors, including angio-
sarcoma, has been established.'*'*'*® (lyco.
saminoglycans are also known to be involved in
normal connective tissue synthesis and collagen
deposition and are elevated in connective tissue
disorders. * Since angiosarcoma of the liver has
both neoplasia and fibrogenesis in its etiology "
GAG chanees could be expected o serve to sig-
nal the appearance of early lesions and may be
useful in evaluating advanced lesions.

Galambos® suggested that since the liver con-
tributes very little to the overall connective tissue
of the body. hepatic fibrogenesis should not be
expected to result in significant increases in

From the University of Louisville, Cancer Center, and the
Price Institure for Surgical Research Health Sciences Cen-
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urinary GAG or collagen degradative or syn.
thetic products, Preliminary studies in our labo-
ratory, however, demonstrated an increase in
both liver and urinary GAG in patients with
angiosarcoma, chronic active hepatitis, and cir-
rhosis.'* Most of the increase in urinary GAG
occurred in the chondroitin sulfate fraction and,
in contrast to what was found for normal and
other diseases. the urinary chondroitin sulfate
[raction was the only uronic acid positive fraction
found in the urine of seven of nine cases of vinyl-
chloride-exposure-associated liver injury other
than angiosarcoma. This study was undertaken
to characterize more completely the urinary
*‘chondroitin sulfate” fraction in hepatic angio-
sarcoma.

CLINICAL SUMMARIES
Case 1 —(Hepatic Angiosarcoma—advanced)

A 46-ycar-old white male worked as a chemical
heiper 1n a vinyl chioride polymerization plant for
thirteen years prior to the diagnosis of angiosarcoma.
I'welve years after inwial cmpléymcm. the patent
exhubited a persistent elevation of lacuc dehy-
drogenase and underwent angiographic studies which
demonstrated multiple areas of scattered tumor stain
throughout both lobes of the liver with areas of central
translucency consistent with the diagnosis of angio-
sarcoma of the liver,

txploratory laparotomy and liver hiopsy confirmed
this diagnosis, and the pauent was treated with
adriamycin, cyclophosphamide, and methotrexate; an
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initial response was associated with a decrease in the
alkaline phosphatase activity, improvement in in-
docyanine qreen clearance and an increase in radio-
wotopic uptake in arcas ol previously defective up-
take. After completion of the chemotherapy course,
hepatic function deteriorated and the patient under-
went partial hepatic lobe radiation (total dose of
5.000 rads) over a two-month period. Despite radia-
tion therapy, the clinical course continued to deterio-
rate with the development of ascites, peripheral
edema, increasing jaundice, hypoaibuminemia, and
marked elevations of transaminases and alkaline
phosphatase activities. This was lollowed by progres-
sive hepatic falure, hepatorenal syndrome and he-
patic coma. Autopsy findings showed extensive in-
volvernent of the liver with angiosarcormatous tissue
extending into the diaphragm and metastasis to retro-
peritoneal and mediastinal lymph nodes, lungs, nght
adrenal gland and cerebellum. The right lobe of the
liver demonstrated near elimination of the angiosar-
coma, presumably due to the radiation treatment.
Urinary GAG assays reported here were made on 24-
hour urine specimens coliccted over the two-weck
period before death (Fig. 1).

Case 2 (Hepatic Angiosarcoma—moderately
advanced)

A 54-year-old vinyl chloride polymerization worker
was first employed as a polymerization vat cleaner 28
years prior to the diagnosis of angiosarcoma. Two
years prior to diagnosis, the patient had persistent
biochemical liver, abnormalities although he was oth.
erwise asymptomatic with a normal liver-spleen scan.
Angiographic studies showed peliosis hepatis. A liver
biopsy revealed focal sinusoidal dilatation, mild
chronic inflammatory reaction with portal fibrosis,
Kupffer cell hyperplasia and dysplasia. Subsequent
biopsies demonstrated continued sinusoidal dilita-
tion, atypical and dysplastic Kupffer cells with pre-
malignant changes. The peliosis hepatis pattern be-
came more pronounced and multiple radioisotopic
defects were evident on liver scan. A repeat biopsy one
year after initial biochemical abnormality demon-
strated malignant sinusoidal cells. The patient was
treated with a combination of adriamycin, cytoxan,
and methotrexate with limited clinical and biochemi-
cal response. Death was preceded by peripheral
edema, ascites, progressive hepatic failure, and coma.
The GAG analyses reported here were made 10 and 6
months before death (Fig. 1, [middie]).

MATERIALS AND METHODS

Twenty-four hour urine specimens were col-
lected from two patients with angiosarcoma of
the liver, and from two normal controls. -

Urine specimens were stored at —70°C until
analysis. Cetylpyridinium chloride  (Sigma
Chemical Company, St. Louis) was added to the
entire 24-hour volume to precipitate the GAGs

GLYCOSAMINOGLYCANS IN ANGIOSARCOMA  *

Curran ¢ ai.

NORMAL URINE

~
MOLARITY NaCi

URONIC ACID (ug/mi]

HEPATIC ANGIQSARCOMA—Advanced

Fii. 1. Elution Patterns of the Urinary Chondroitin Sul-
fate Fraction. The glycostaminoglycans (GAG) in a 24-hour
urine specimen were precipitated with cetyipyridinium chio-
ride (CPC) and separated as 0.4 M NaCl soluble (“hyalu-
ronic acid’), 1.2 M NaCl soluble (“‘chondroitin sulfate’™),
and 21 M NaCl soluble (“heparin”) fractions. Each fraction
was then subjected to anion-exchange chromatography.
Shown here are wypical 1.2 M (chondroitin sulfate) fracuon
clution parterns (Advanced = case ).

according to the method of DiFerrante.® The
hyaluronic acid, chondroitin sulfate, and hepa-
rin fractions were eluted individually according
to the method of Schiller & al.** Cetylpyridinium
chloride was removed ' and the GAGs were sub-
jected to anion-exchange chromatography as de-
scribed by Schiller ¢ al.** Glycosaminoglycan
fractions were applied to 1.0 X 44 em AG1-X2
(200-400 mesh, chloride form) columns Bio Rad
Laboratories, Richmond, California) and eluted
stepwise with 0.0, 0.5, 1.0, 1.25, 1.50, 2.0, and
3.0 M NaCl. At a flow rate of 1.0 ml/min,
approximately sixteen 10.3 ml fractions of each
molar strength of NaCl were collected and a
sample of each [raction was analyzed for uronic
acid by the method of Bitter and Muir.? Stan-
dards of heparin (Nutritional Biochemical Com-
pany), chondroitin sulfate (Sigma Chemical
Company), and hyaluronic acid (Nutritional
Biochemical Company) were also evaluated by
ion exchange chromatography.

The uronic-acid-positive fractions within each
individual salt fraction were pooled, dialyzed to
remove salt,_and concentrated. The [ractions
cluted by 1.25 or 1.50 M NaCl were tested for
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\ngiosarcoma, case 1,
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advanced 3 4H0

Nore  The giveosaminogivenns (GAGY 0 g D-hour
urine specimen were precipudted with cetytpyndinum
chiorde (CPC) and separated as 04 M NaCl soluble
“hyaturome acid™, 12 M NaCl soluble C“chondrimun
suifate™, and 2.1 M NaCl soiuble “hepann’) fractiuns
The CPC was removed from -5e 01 M NaCLCPC.
solusiized fracuon and the (:AGe fyrirner punfied v
amon-exchange chromarography The total amount of
GAG in the resulung 1.23 M and 1.50 M NaCl column-
eiuted fracuons was deterruned and the rano of the
two fractions was calculated. ('One dav prior to hemin-
ning of chemotherapy: “Two davs following chemotherapy
innaton. )

susceptibility to testicular hyaluronidase (Nutri-
tional Biochemical Company) using a modifica-
tion of the cetyltrimethylammonium-bromide,
turbidimetric assay described by DiFerrante.*

REsuLTs

The major GAG fraction observed in all
urines—both from normal controls or from pa-
tients with angiosarcoma-—was the fraction so-
lubilized by 1.2 M NaCl/1% cetylpyridinium
chloride (the ‘“‘chondroitin sulfate” fraction).
Anion exchange chromatography of hyaluronic

Tasct 2. Hyaluronidase Susceptibility

Source Depolymerization %'
Heparin, standard 5.0
Hyaluroni acid, standard 93.1
Chondrontin sulfate. standard 976 .

1.25 M NaCl columneeiuate. pooled

fractionsfrnm angionarcomaimm

patlents 435
130 M NaCl colummeeluate. ponied

fractions [rom amygiosarcomanus

patients oo
1.50 M NaC! column-cluate,
normal 100.0

' Glyensaminogiveans isolated from unne were tested for
hyaluronidase suscepuibility by measuring changes n
wrbidity developed with the addition of cetvitrimethvi-
ammanium bromide [allawing incubatmn with hyaluromidase
Normal controls exhibited anly minor amoyatc of 128
M NaCl columneetuted GAG and consequently da not ap-
pear n this able,

CMA 003158 .

acid and .eparnin iractions revealeg a0 guaiita-
rne diderences vetween controis and anglosar-
cwTia paents, | ne anion exchange column pat.
terns of the 1.2 M NaCl solubilized GAGs are
shown in Fig. 1. Chrornatography of the urinary
*chondroitin sulfate’ {ractions of patients with
angiosarcoma yielded a comparatively large,
uronic-acid positive peak in 1.25 M NaCl The
ratios of the total amount of uronie acid-positive
materal eluted with 1.25 M NaCl 1o the total
amount eluted with 1.50 M NaCl are giwven in
Table 1.

The susceptibility of the GAGs eluted with
1 25 ar | 30 M NaCl to hvaluronidase degrada-
tion 15 given 1n Table 2. The GAG ecluted with
1 23 M NaClwas resistan 1o hvaluronidase, *he
enzyme producing only a 43 reduction in tur-
bidity. The 1.30 M NaCl-eluted GAG fracrion
was 100% susceptibie to hyaluronidase degrada-
tion.

Discussion anp CoNCLUSION

The chromatographic pattern found here for
controls conforms to urinary glycosaminoglycan
distributions reported by others. '# These pat-
terns suggest that there was a relative increase in
urinary heparan sulfate and a decrease in
chondroitin-4- and/or -6-sulfate in patients with
hepatic angiosarcoma. This interpretation
agrees with the Dowex 1-X2 chromatographic
patterns reported by Kao and Leslie™ and by
others. >*

Heparan sulfate is reported to be partially
susceptible to hyaluronidase digestion,® and
this correlates well with the observed 43% diges-
tion of the GAG in our 1.25 M NaCl {raction.
Since heparan sulfate has been shown to be
associated with blood vesseis,™ an increase in
the urinary excretion of this GAG is not surpris-
ing in this vascular lesion. Also, chondroitin«4-
and -6 sulfates are reportedly ejuted from Do-
wex |-X2 columns with 1.50 M NaCl***and are
susceptible ¢o hyaluronidase® suggesung chat
our 1.5 M fraction is choedroitin-4= and/or
chondrowin<h-sulfate.

Assuming that urinary GAG patterns de-
scribed here are reflections of hepatic changes, 1t
will be irnportant to determine what processes
these changes reflect, e, those of neoplastic
growth. fibrogenesis, or cell death. In this re.
gard, it should be noted that 1) the ratio of
heparan sulfate to chondroitin sulfate reported
here for angiosarcomatous urine is similar to
that reported for circhotic human liver fissue by
Becker.? and 2) the shift from a hvaluronidase-
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susceptible to a hyaluronidase-resistant GAG is
congistent with the suggestion by Hutterer and
Rubin' that the stabilization of collagen de-
pends on a shift to a hyaluronidase-resistant
GAG envelope surrounding the collagen bundle.
Although Hutterer and Rubin attribute this to
an augmentation of dermatan sulfate, Becker?
reported that the GAG pattern in human cir-

GLYCOSAMINOGLYCANS IN ANGIOSARCOMA  *
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rhosis was characterized by the augmentation of
dermatan sulfate and heparan sulfate. If the ob-
served changes in urinary GAG are reflective of
vinyl chloride-exposure-associated fibrosis, the
fact that fibrosis is a precursor of angiosarcoma
indicates that the observations reported here
constitute a promising lead in early detection of
vinyl-chloride-induced liver disease.
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1. INTROOUCTION

The recent discovery of a relationship between vinyl chloride’ and
angiosarcoma of the )iver has rsceived much attention (1-3). Although
there are now systematic detection programs for vinyl chloride workers
(3,4), there is as yet no specific chemical abnormality that serves as a
good indicator of early, vinyl-¢hloride-induced liver injury and angio-
sarcoma. Alpha feto-protein has been a relatively valuable serological
marker for hepatocellular carcinoma (5), but is has not as yet proven use-
ful in the detection of angiosarcoma (6). New leads are needed if more
specific tests are to be developed for angiosarcoma.

The literature suggests that the glycosaminoglycans in the urine
and/or blood should be evaluated as a possible aid in early detection.
The production of sulfated giycosaminoglycans is characteristic of malig-~
nant vascular tumors of the skin and some pathologists use this feature
as a diagnostic aid (7). Barr and Bonin (8) observed a strong positive
alcian-blue, glycosaminoglycan staining reaction in human angiosarcoma
tissue and suggested than an attempt be made to qualitate and quantitate
the production of glycosaminoglycans in the neoplasms, serum, and urine
of those at risk. They pointed out that the urinary glycosaminoglycans
may have diagnostic significance in angiosarcoma and, if so, a glycosami-
noglycan spot test might easily be employed as 3 gross screening tesf, of
vinyl c¢hloride production workers.

A number of other observations place the glycosaminoglycans in &
relevant position with regard to angiosarcoma. Angiosarcoma is accom-
panied by connective tissue abnormalities (2,9) and changes in tissue,
urinary, and blood glycosaminoglycans have been found to occur in many
connactive-tissue disorders -- including connective tissue disorders of
the liver (10-14) -- as well as in hepatic cancer (15-17).

Supported in part by grants from the 8. F. Goodrich Company and
the American Cancer Society (IN-111) and a contract with the National
Cancer Institute (NO1-CN-55212).

915

. omp 003161




cwp 003162

The purpose of tnis study was to make a preliminary determination -
of the glycosaminaoglycan patterns n tissue and urine associated with
angiosarcoma of tne liver and with vinyl-chloride~-induced liver injury
other than angiosarcoma and to compare these patterns with those in
nermal cantrziz anc those associated wilh other liver disease. Gur goal
was to evaluate the use of glycosaminaglycan patterns in the early detec-
tion of vinylechloride-induced liver injury and angiosarcoma and to
explore the rcle 5f the glycosaminoglycans in the etiology of vinyl
chloride injury.

11. PROCEQURES AND MATER[ALS USED

JUrine specimens were collected as occasional samples from: 9
nornal contrals; 9 1ndividuals with histories of occupational exposure to
vinyl chloride and naving aonormal, liver, biocnemical studies; 6 with
“other” cancers arior to surgery; 3 with angiosarcoma, 3 with active viral
hepatitis; & with cirrhosis; 2 with lung-liver metastases; and 4 with
metabol;c disorders of the liver (congentital and indirect hyperbiliry-
binemia).

In one zise of angiosarcoma, 24-hr urines were collected on aiter-
nate days beginning 2 weeks prior to death.

Urine samples were collected without preservative and frozen at
-769 until analysis. Specimens were divided into two 25 m} samples and
one 5 ml sample. Urinary ¢reatinine was measured on the S ml sample
using a Technicon Autoanalyzer, The degree of urinary glycosaminogiycan
polymerization was estimated by dialyzing one 25 ml sample for 24 hours
in tap water; the sample was then treated identically to an undialyzed
sample dy the method of Diferrante (18) using cetylipyridinium chloride
as a precipitant. After resolubilization of the glycosaminoglycans in
water, duplicate samples were ascayed for total uronic acid by the modi-
fied carbozole reaction of B8itter and Muir (19). The remaining glyco-
saminoglycans were reprecipitated with cetylpyridinium chloride and
separated into the wash, hyaluronic acid, chondroitin sulfate, and heparin
fractions as described by Schiller et. al.(20). Each of the fractions
was assayed for uronic acid ( ug per mg of creatinine).

Autopsy tissue was obtained in 2 cases of hepatic angiosarcoma
(tumor tissue and non-tumor tissue adjacent to tumor), 2 cases of
cirrhosis, and in 3 control cases {gun-shot wound victims without liver
pathology) and analyzed for glycosaminoglycans by a previously reportad
modification (21) of the method of Schiller et. al. {(20). Urenic acid
was determined in each of the hyaluronic acid, chondroitin sulfate, and
haparin fractions.

Pieces of tissue were subjectad to alcian-blue-periodic-acid-
Schiff staining with and without hyaluronidase and diastase pretreatment.
These procedures ware carried out according to the methods described by
Mowry (22). ) -

Aseitic fluid was also obtained at autopsy in one case of angio-
sarcoma and analyzed for giycosaminoglycans. The flyid was centrifuged
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and the sediment analyzed as tissue above. The supernatant was treated
by the method for urine described above,

IIT. RESULTS

A summary of the urinary glycosaminoglycan measyrement is given in
Table I. Normal controls had the least urinary glycosaminoglycans
(measured as uronic acid) of all groups. All other groups showed some
elevation, The levels in angiosarcoma, hepatitis, cirrhosis, and liver
metastases were significantly elevated (P < .05) over normal controls.
The cirrhotic group exhibited the greatest variance in urinary glycosami-
nogiycans. No significant differences were found in urinary creatinine
levels between groups.

There were no significant differences between groups in either the
percentage of the total glycosaminoglycans that was dialyzable (Table I)
or in the percentage of the unfractionated total that appeared in the
hyaluronic acid, chondroitin sulfate, and heparin fractions.

Seven of 9 vinyl-chloride-exposed individuals other than those
with angiosarcoma had positive chondroitin sulfate fractions with nega-
tive hyaluronic acid and heparin fractions. This was true in only 3 of
32 other urines evaluated in this same manner.

The pattern of daily glycosaminoglycan excretion prior to death
due to angiosarcoma in one individual is given in Pigure 1. -

Total tissue glycosaminoglycan levels for angiosarcoma tumors,
fibrotic tissus adjacent to tumors, cirrhotic liver tissue and normal
liver tissue are shown in Figure 2. Fractional hyaluronic acid. chon-
droitin sylfate, and heparin tevels are given in Figure 3.

Histochemically, angiosarcomatous tissue exhibited a strong alcian
blue positive staining reaction. Alcian-blue staining was only slightly
less in "non-tumor” tissue adjacent to tumor masses. The staining
reaction in tissue from normal liver was very weak and only slightly
stronger in cirrhotic liver tissue. The strong alcian-blue reaction in
angiosarcomatous tissue did not occur if sections were pretreated with
hyaluronidase.

Ascitic fluid sediment was uronic-acid-positive in only the
hyaluronic acid fraction -~ 112 ug uronic acid per gram of dry, defatted
sediment: ascitic fluid supernatant contained 1.7, 1.2, and 0.2 ug
uronic acid per ml in the hyaluronic acid, chondroitin sulfate, and
heparin fractions, respectively.

IV. DISCUSSION

The literature indicates that normal male creatinine excretion {s .
1.5 ? per 24 hrs (23). Thus, our normal mean (Table I) of 3.2 + .4 ug
cetyipyridinium chloride-precipitable yronic acid per mg creatinine falls
in the middle of the normal ranges reported by Varma et. al. (24).
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Although our study was not controlled fsr age, Goldterg and Cotlier
(27) nave shown that urinary glycosaminoglycan excretion is constant from
ages 20-70. Manlay a2t. al. (28) nave shown that the progorticn of urinary
glycasaminogiycans in tne chondroitin sulfate fraction 1s constant rom
ages 20+70, Manley er. al. 3lsg reasortad <h3f the <randraicia sulfate
fraction 1s highest at birth and that it gracually drops until age 20,
suggesting that urinary chondroitin sulfate reflects tissue growth.

The fact that we found na differences netween graups in the
creatinine concentration is significant in that it indicates that occa-
sional samples do reflect Z24-hour axcretion when normalized to creatinine,
Precedent for expressing glycosaminoglycan measurements as a function of
creatinine contant in occasioral urine samples nas 2een established bdy
JiFar~anra apd P1gh TI%) ars Parecia (130, faalay 2t. 2%, (IIV rase
SACwWn that tne creatimimesyreomic Al £3%1g 3 st2azy from oages 22-76.

Qur results ingicate that the liver J1seases avaluazed are accom-
manied by elevated urinary glycosaminaglycan excretion. Qur tissue data
suggests that thms reflects liver-tissue glvcosaminoglycan elevation and
conforms to the reports by others that both nepatic connective tissue
disorders (17-14) and hesatic cancar {15} ~asylt ir increased hegatic
glycosaminoglycan levels. [t may be significant that the anginsarcoma
patients had na.f the urinary glycosaminogiycan excretton of patients
with liver metastases and tnat our anaiys's of angiosarcomatous tumor
tissue exhibited half the glycosaminoglycan content reported by Xojima
et., al. (15) for hepatocellular carcinoma,

While our data suggest that liver disease results in a decrease in
the proportion of highly polymerized glycosaminoglycans, variance was
large within each group and none of the differences between groups were
statistically significant.

Although we have not completed the characterization of isolated
glycosaminoglycan fractions, our data indicate: 1) that the chondroitin
sulfates are the primary urinary glycosaminoglycans in both normal
controls and in disease states; 2) that the chondroitin sulfates and
heparin are the dominant glycosaminogliycans in normal and cirrhotic
livers {Figure 3). Chondroitin sulfate is elevated in the fibrotic, non-
tumor, portions of angiosarcomatous livers while heparin is the predomi-
nant glycosaminoglycan in tumor tissue. Hyaluronic acid is also apparent-
1y elavated relative to chondroitin sulfate in angiosarcomatous tumors
(Figure 3); and 3) that hyaluronic acid is the sole glycosaminoglycan
in ascites flyid sediment.

These qualitative data are in general agresment with those
“reported by others. Goldberg and Cotlier (27), Douglas et. al. (30), and
Varma et. al. (24) have reported that the chondroitin sulfates are the
predominant urinary glycosaminoglycans. ~Varma et. al. reported that 2/3
of urinary glycosaminoglycans are chondroitin-4-and chondroitin-6-sulfate
and this agrees with our data on normal controls and on those with liver
diseqses.

Kojima et. al. (15) reported that in hepatocellular carcinoma
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tissue, chondroitin sulfates and hyaluronic acid were increased 33 and iv
times, respectively, over amounts found in healthy livers; the heparin and
heparan sulfate proportions dropped. This contrasts with our data on
angiosarcoma tissue, i.e. heparin and hyaluronic acid increased 5 and 10
times, respectively, over normal tissue: chondroitin sulfate levels rose
but fell in proportion to other glycosaminoglycans. Galambos and

Shapira (10) reported that the chondroitin sulfates are dominant in

normal livers and in hepatic fibrosis, but Kojima et. al. (15) report

that chondroitinase-resistant and hyaluronidase-resistant glycosaminogly-
cans are dominant. Kuroda et. al. (31) also reported that heparan sulfate
is the dominant glycosaminogliycan in the normal liver. Our histochemical
observation that nearly all of the increased alcian-blue positive

material in angiosarcomatous livers was susceptible to hyaluronidase
digestion suggests that the observed chondroitin sulfate elevation is due
to chondroitin-4- and/or chondroitin-g-sulfate.

The increases in liver and urinary glycosaminoglycans may wel)
reflect an important role of these substances in the process of fibro-
genesis and in tumor growth. Galambos and Shapira (10) reported that
hyaluronic acid was elevated during hepatic fibrogenesis. If a similar
fibrotic process is operative in angiosarcoma, it may be that the ob-
served tumor-tissue heparin increase is reflective of tumor growth. We
did observe a four- to six-fald greater heparin level in tumor tissue
than in adjacent, non-tumor tissue.

The observation that the chondroitin sulfates tend to be the
exclusive uronic-acid-positive constituents in the urine of individuals
is paradoxical in that those glycosaminoglycan fractions that are most
elevated in angiosarcomatous tissue are those that are absent from the
urine of individuals who may well have early, vinyl-chloride-induced
liver injury. This pattern may be due to the selective action of lyso-
somal, glycolytic enzymes in the liver and/or may reflect the role of the
chondroitin sulfates in early fibrotic changes in the liver. Certainly
the potential usefulness of this pattern in early detection warrants the
more complete evaluation now ongoing in our laboratory.

V. SUMMARY

Glycosaminoglycans were measured in urine and tissue of patients
with hepatic fibrosis and hepatic cancer including vinyl-chloride~
exposure-associated liver injury and angiosarcoma. Angiosarcoma, hepa-
titis, cirrhosis, and liver metastatic patients exhibited significantly
elevated glycosaminoglycan excretion. Angfosarcoma tissue exhibited
elevated glycosaminoglycan levels with the greatest increases in the
heparin fraction. Histochemically, angiosarcomatous tissue gave a strong
alcian-plue staining reaction which could be prevented by pretreatment
with hyaluronidase. Although vinyl-chloride-exposure-associated liver
injury other than angiosarcoma was not accompanied by a significantly
elevated glycosaminoglycan excretion, this condition tended to be
assoctated with a urinary glycosaminoglycan excretion pattern in which the
chondroitin sulfate fraction was the only uronic-acid-positive fraction.
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TABLE I. Urirary Glycosamingglyzan Lavels in g Uranic Acid per ag
Craatinine Dy Liver Jiseases (ategery

Patient group Cases

normal control 9

vinyl chloride 9
axposed

other cancer 6

other liver 4
disease

angiosarcoma 3

hepatitis ]

¢cirrnosis 6

Tiver metastasis 2

ug uronic acid
per mg creatinine

* uronic

acid

not gialyzable

(*18.6.) (f:15.5.)
3.2t .8 65 t 3
4.1% .3 ¥t
45%1.5 9ts
5.1%0.8 37 %13
7.6 % 1.6 81t 22
8.5%1.8 52 % 14
12.7 £ 3 53t g
13.8% 9 42

3166

920




4

n

-]

MILLIGRANS URONIC ACID PER 24 HOURS
» >

»

-
b

[ Il e 1 L
1% “ 12 10 [} ¢ 4 2 0
DAYS PRIOR TO LIVER DEATH

FIG. 1. Urinary glycossminglycan output in one angiosarcoma patient during
the 16-day perioed prior to death.
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ABSTRACT

The purpose of this investigation was to evaluate the glyco-
saminoglycans (GAG's) in different behaviorai-histological
types of i.m.-transplanted hepatomas and in the liver and urine
of animais bearing these tumaors. Groups of 10 Bulfalo rats
carrying fast-growing (7777), intermediate (5123tc), and slow-
growing (9618A) Morria hepatomas waere studied as the tumors
reached 3 cm. Urinary and tissue GAG's were isolated by
proteclysis, separated as cetylpyridinium compiexes, and
measured as uronic acid. The GAG's were further purified
using anion~exchange chromatography and characterized with
mucopolysaccharidases. Tissue GAG's were aiso evaluated
histochemically uaing Alcian blus staining and mucopolysac-
charidases, Tiasue from fast-growing, intermediate, and siow-
growing tumors exhibited greater GAG levels than did normal
liver in the hyaiuronic acid (0.4 m NaCl-soiuble) fraction and in
the chondroitin suifate-heparan sulfate (1.2 m NaCl-soluble)
fraction. The livers of tumor-bearing animais exhibited GAG
leveis similar to thase of normal liver. increased urinary GAG
excration was appreciatad in animals bearing Tumors 5123tc
and 9618A but not in those bearing Tumor 7777.

INTRODUCTION

An increasing number of reports cite the presence of com-
paratively high levels of GAG's? in both animal tumors (4, 7,
18, 22) and human tumors (5, 12, 18), There also have been
reports citing quaiitatively and quantitatively abnormal urinary
GAG excretion in association with malignant tumors (6, 10, 11,
23-25). Although there have been attempts to eatablish any
functional relationship between tumor GAG's and tumor cell
properties (23, 25-27, 30, 31), the significance of slevated
GAG's in malignant tumors remains obscure.

in view of the possibility that GAG's play an important role in
the expression of one or more malignant cell properties, our
purpose here was to évaiuate the GAG patterns associated
with transplantable hepatomas exhibiting different growth rates
and metastatic properties. Bacause it has been suggeated that
tumor GAG may be contributed by normal hast tissue in re-
sponse to the presence of hepatic tumor (7), usacondary

purpose was to svaluste the influence, if any, of “‘remote’”
hepatomas on the GAG's of the hoat liver; a third purpose was
to evaluate the urinary GAG patterns in hepatoma-bearing
animais,

' Supported by Amancan Cancer Sociaty Grant IN-1118, by a grant from the
Manuiacturing Chemists Associstion, and w1 part by USPHS Gramts CA 10729
and CA 248201,

 Prosant addreas: Siological Sciences. Murray State University, Murray, Ky,
42071, To whom recussts for reprints should be sdoressed.

¥ Thw abbreviation uesd is: GAG, glycosaminoglycan.

Rectived Agril 11, 1960; acceptad October 24, 1980,
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MATERIALS AND METHODS

Materisls. Hysluronic acid (umbilical cord) was purchased
from Nutritional Biochemical Corp. (Cleveland, Ohio), chon-
droitin sulfate (whale and shark cartilage) and sodium heparin
were purchased from Sigma Chemical Co. (St. Louis. Mo.).
Authentic samples of heparin, chondroitin 4-suifate, heparan
suifate, and hyaluronate were aiso kindly supplied by Dr, M. B.
Matthews, University of Chicago. Bovine teaticular hyaluroni-
dase was purchased from ICN Pharmacsuticals (Cleveiand,
Ohio), Streptomyces hyaluronidase was obtained from Caibi-
ochem (La Joita, Calif.), and Proteus vuiganis chandroitinase
ABC was purchased from Sigma.

Experimental Design. Forty male Buffalo rats were shipped
from Lab Supply Company (indianapolis, Ind.) to Washington,
D. C., whare 10 were inoculated bilateraily (thigh) with Tumor
7777, 10 were inocuiated with Tumor 5123tc, and 10 ware
inoculated with Tumor 9618A. These were shipped to Louisville
with 10 controis. Throughout the study, animals wers provided
free access to food and water even when placed in matabolic
cages for urine collections.

Urine collections were made twice sach week from animais
bearing Tumor 7777 and oncs sach week irom animals bearing
Tumors 5123tc and 9818A. Collections were made alterna-
tively on one-hait of the animais in esch group, with 5 control
animal collections made each time a collection was made from
tumor-bearing animals.

Tumors, Line 5123tc is a tissue culture variark of & mader-
ately differentiated trabecular hepatoceliular carcinoma in-
duced with dietary administration of N-2-fluorenyiphthalamic
acid. Tumors were received and studiad here in the 165th
generation.

Tumor line 7777 is a poarly differentiated hepatoceliular
carcinoma induced by dietary administration of N-2-
fiuorenyiphthalamic acit. This line was studied in the 158th
tranaplant generation.

Tumor line 9618A is & well-dilferentiated hepatoceliular car-
cinoma induced by 2<(4’-methyl)banzoylaminotivorene. This
tumor was studied in the 13th ganeration.

Characteristica of thesa 3 tumors observed in our laboratory
and selected characteriatics reported by Hruban ef al. (13 14)
are summarized in Table 1 (see siso Fig. 1).

Extraction and Purification of GAG's from Liver and Tumor
Tissue. Dry defatted tissue was subjected to proteclysis, tri-
chioroacetic acid precipitation, and dialysis, and the GAG's
were separated as cetylpyridinium chioride complexes into
0.03 m NaCl-soluble, 0.4 M NaCl-soluble, 1.2 » NaCl-gsoluble,
and 2.1 m NaCl-soluble fractions as described by Schiller ot /.
(28) and measured as uronic acid (see Schiller et g/.) by the
carbazole mathod of Bitter and Muir (1),
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* According 1o the data of Hruban et a/. (14).

Anion-Exchange Chromatography. Foliowing uronic acid
measurement, the uronic acid-positive material was pooled by
tumor line with tumor and liver tissue material pooled sepa-
rately. The cetyipyridinium chioride was removed as described
by Kom (17), and then each fraction was dislyzed and sub-
jected to Dowex 1-X2 (200 to 400 mesh) anion-exchange
chromatography as described by Schiller ot al. (28). The 0.0,
0.5, 1.0, 1.25, 1.5, and 2.0 m NaC) sluate fractions were eluted
stepwise in 15 to 30 fractions (10 mi) each. One-mi samples
were assayed for uronic acid to produce an siution profile.
Chromatographic fractions were pooled across all tissue
groups, dialyzed, and concentrated, yieiging 6 pooled fractions
which were then subjected to snzymatic characterization.

Enzymatic Characterization. Each of the fractions were
subjected to digestion by Streptomyces hyaluronidase (digests
only hyaluroni¢ acid), bovine testicular hyaiuronidase (digests
hyaluronic acid, chondroitin, and chondroitin sulfate but not
heparin, dermatan suifate, or heparan suifate), and chondroiti-
nase ABC (digests hyaluronic acid, chondroitin, chondroitin
suifate, and derma sulfate but not heparin or heparan sulfate)
as described by Kojima ot al. (16).

Hutochemistry. Small piaces of liver and tumor as well as
lung and intestine in selected animals were fixed in Zenker's
fluid, embedded in paraffin, cut at 8 yum, and subjected to
hematoxylin and sosin, Alcian blue-periodic acig-Schitf (21),
and Masson's trichrome (21) staining. Alcian biue-periodic
acid-Schiff staining was also carried out with and without prior
digestion in chondroitinase ABC and bovine testicular hyaly-
ronidase (9). For the condroitinase ABC study, hydrated tissue
sections were incubated with enzyme (16) for 2 hr at 37°;
control sections were incubated in buffer only.

Statistical Analysis. Statistical analysis of tissue GAG data
was carried out in 2 sequential format starting with an analysis
of variance. Significant differences among the means were
further evaluated using the Newman-Keuls procedure de-
scribed by Snedecor and Cochran (29).

RESULTS

The amounts of GAG in Tumors 7777, 5123tc, and 9618A
and in normal liver are presented by fractions in Chart 1.
“*Uronic acid’’ levels in the 0.03 M NaCl fraction were similsr in
Tumors 7777 and 5123tc but were aignificantly (p < 0.085)
lower than the levels found in tumor 9818A and in normal liver,
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Uronic acid levels in the 0.04 M NaCl fraction isolated from the
3 tumors were similar and significantly higher (p < 0.05) than
the leveis found in normal liver. in the 1.2 M NaCl fraction,
tumors exhibited 5- to G-foid greater (p < 0.05) uronic acid
lavels than normal liver. in the 2.1 » NaCl fraction, uronic acid
levels were similar for all issues except that Tumor 8818A had
significantly higher (o < 0.05) levels than did Tumor $123tc.
There was a statistically significantly greater ( p < 0.05) level
of uronic acid in the 0.03 M NaCl fraction for the livers of
animais bearing Tumor 5123tc compared to normad liver and
the livers ot animals bearing the other 2 iines. Except for this,
differences among livers were unremarkable.
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Chart 1. GAG lowsin measured as uronic acid in iesl-growing () Tumer 7777,
irtrmediste-rate () Tumor 51200, and siow-growing (3) Tunor 9818A and n
the ivers of NOR-UMOr-Baareg (V) animale for sach of 4 seduantially collected
salt fractions. Bars, geomeiric meana. Offerences Detween /! and S/N in the
0.03 m MaCl fraction, Detwesn Rawar Basus and normal Bver i Doih e 0.4 »
and 1.2 v NGl fragtion, and between ! and 3 in the 2.1 » NaCl fracian we
siatiically sigreficant (o < 0.08).
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Chromatagrachic data *z¢ the 0.4 M NaCl and 1.2 m MaCl
3243 fracticns, thiia fradions which were appreciably larger
in tumor tissus versus nermal liver, are prasented in Chart 2
together witn tha Zaiiarns obtaineg lor (h2ss same fraclions
3&7zted framm azrmat Gver and ha wver of lumor-oearnng ani-
ma-s Thase 2a'a ndicate that, even thougn the urorg ‘evels
motha et Al a2l 203 WS siMaar from umor ne 1o iumar ine,
there wera some quaitative GAG differences in the fractions
isolated from ditferent tumor lines. This 13 even more apparent
n composite Chart 3, which was derived by multiplying the
mean of the individual uronic acid levais shown in Chart 1 by
the percentage of distributon shown in Chart 2 and then
summing within each chromatographic fraction.

Enzymatic Characterization of Tumor GAG's

The resuits of the enzymatic characterization of GAG's 130~
lated from tumor tissue are summarized in Table 2. On the
basis of the esiution patterns reported by Kao and Leslie (15)
and coroborated in our own study of authentic GAG's and on
the enzyme susceptibiiities for each fraction given in Table 2,
we arnved at the identities of the predominant GAG in each
chromatographic fraction given in Tabie 2, Column 7.

Histochemical Observations

Tumors. Each of the 3 tumor types exhibited significantly
mors intense Alcian biue staming than did normal liver or host
livar; GAG's were ganeraily distributed throughout the tumor
nssue. Tumor sactions subjected to hyaluronidass or 1o chon-
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Chart 3. Anon-sachango chromamraphic oaiterng obimeved for the GAG's
Solated wwitally ae 0.4 w0 NaCI-a0iuCIe 80 1.2 M NAC-e0kubile Catyigyndiniam
chiarie compiazes. A, Tumor 7777, B Tumor 31200 C, Tumer 9818A; D,
thvars Of NIROF-DEANNY aremaly DOGN SCTOSS Ramar tyDat: £, normel iver. The
chart is & comasite of Charts 1 and 2 et in baset) OR The DEFCEIVEGES (iven
in Chart 2) of the arahwwiics mean of the Flivicionl Wort ackd valuws (Qiven =
Chart 1) 1or anch tasiee (YD by fricion.

droitinase ABC exhibited reduced levels of Alcian blue staining
consistant with biochemical messurements ang thw enzymatic
charactenization of chemically isolated fractions,

Host Livers. The livers of animais bearing Tumors 7777 and
9418A were histologically indistinguishable from normal liver.
Liver tissue from animais bearing Tumor S123tc consistentty
axhibited a siightly greater vlcuour appesarancs than did nor-
mal fiver (Fig. 16).

Urinary GAG Excration

-
-

Over the entire study, mean total uronic acid axcreted per
pair of animais per 24 v for control animals and animais
bearing Tumors 7777, 5123tc, and F6T8A were 118 = 7
(S.E.), 1168 & 3,203 = 12, and 201 = 7 pg, respuctively. GAG
excretion by animais beanng Tumaors 5123t and 9618A wers
statisticaity significantly (p < 0.0%) elevated over controis and
animais bearing Tumor 7777. There weare 22, 8, 8, and 27
twenty-four-hr collections assayed, respectively. The small
number of 7777 and $123ic samples was dus t© tha rapid
growth of thess tumors and time in transit after inoculation.

Urinary excretion profles for animais bearing Tumor $123tc
over time and in relation 10 tumor size are ilustrated in Chart 4.
A similar pattern over a longer time span was ocbaerved in
animais bearng Tumor 9818A. In both 5123tc and 9818A-
bearing animala, uronic acid excretion appeared 10 be greater
after the tumors reached larger sizes, but no regression with
WUmor size was apparent in either caas.
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Table 2
KIMNEACREON Of e Dredominant GAG 1t 8GR O OW' BINON-SXCImTYgw o e,
The identiiication (Coluwn 7) of the gredomnant GAG of GAQ's present i each of Cur AwOn-exchange Tovvua
1) was deduted from (2) solubilities of cetyigynainium chioride complexes. () AMon-exchange chromatographic pattems MMiana
that we abtained Ky authentic GAG's and thoes reported by Kao and Leskie (15) (Columns 2 and 3), and (¢) the suscaptibility of sach iraction

to mucopolysaccharidasss (Columns 4, 5, and 6).

GAG's reportad by Xao
and Leslie (15) to be
pRmManly sluted n ths

Iraction

Dowex 1-X2
frachon (s

Other GAG 3 reported

this fraction

4, digested by  hovine testc-
to be partally eluted v Strepromyces
hyshuwromdase

% dwyested by

% digested

ular hyaron by chondrosti-  Predomenant GAG n
dase nase ABC our fraction

Hyahwonic acid (84)"

70-100

80-100 100 Hysluronic acid
35-81 L]

a Hyslurome acx
[} 0 Haparan suitate
<2 0 Heparan sullate

25 22 Heparan wuitate and/or
heparin

Hepann

Tumor sie
tong-axis {cm)

Chart 4. Urinary GAG excrevon in relation 1o tumor growth fOr snimals beanng
Tumor S123t%¢ and in control animais. @, tumor-dearing animals; O. control
arwmaly.

We had sufficient urinary GAG's for anion-exchange chro-
matography only in the case of control animals and animais
bearing Tumor 9818A. A chromatographic comparison of these
2 profiles indicated that the slevation in urinary GAG's occurred
across all column fractions to about the same degree.

DISCUSSION

The resuits depicted in Charts 1 t0 3 contorm to the gener.
alization (7, 16, 18) that tumors, including hepatic tumors,
axhibit high levels of GAQ's reilative to the tissue of origin.
Charts 2 and 3 suggest that differances between tumors may
be related to the behavioral properties of the tumors. Chart 3
reveals a gradation from normal liver, through the liver of tumor-
bearing animals, well-differantiated. slowly growing tumor tis-
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sue o faster-growing, metastatic tumor lines. The gradation
shown in Chart 3 is sven more striking if the patterns for tumor
lines 7777 and %5123tc are inverted. Since tumor line 51231c
was more highly matastic than was line 7777 (Table 1), such
an inversion would arrange the tissues according to matastatic
potential and raises the possibility that the patterns, particularly
Fraction 1.0 m, are reiated in some way to metastatic potential.

it is postulated that the 1.0 m NaCl chromatographic fraction
containg an undersuifated form of heparan suifate such ss that
described by Kuroda et al. (18) in AM109 hepatomas. Both
Kuroda et a/. (18) and Saito (25) reportad that haparan syitate
is the major GAG constitutent in AH109A hepatic tumors.
Kuroda et a/. also reported that most of this heparan suifate is
eluted in 1.0 M NaCl in anion-exchange chromatography and
that heparan suifate is also the predominant GAG in normal
liver and suggestad that this may mean that the tumor heparan
sulfate comes from tumor celis and not from connective tissue
olements within the tumors.

The predominance of heparan sulfate in Morris hepatomas
and in AH109A hepatomas do not conform with the fact that
hyaluronic acid and chondroitin sulfate have generally been
identified as the predominant GAG's in animal tumors (4, 7).
Thess findings likewisa do not conform with the report by
Kojima ot &/, (16) that chondroitin sulfate and hyaluronic acid
are the predominant GAG's in human hepatoceiiutar cancer.

The possibility that tumor heparan suifate is reiated in some
direct way to tumor bshavior has been raised by others, A role
for suifated GAG's in ¢ell recognition and adhesion has been
proposed by Dietrich et al, (8), and Chiarugi and Vannucchi (3)
mmmnwmmmnmmm
cell division and transport,

The histologica! appearance of the tumors studied here and
the histological normaicy of the livers of tumor-bearing animals
agree with the findings reported by Hruban et al. (14). Aithough
the vacuolar appesrance of the livers of animals bearing Tumor
5123tc is not abnormal in rodents, this characteristic was
uniformly present in all Tumor 5123tc-bearing animais and was
found in no others. The possibility exiasts that this structural
feature is reiated to the high concantrations of the uncharac-
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raszza. 0.03 M

foo act

NaCl-solubte. urcnic acid-posinve-matanai
4 orr2ea iyvarg .

Tha taat that uninary GAQ excrauon 'was elevated in animals

Ragmmm T §12202 a3 3EVEN 2ot matim 3wl Ty
T TUUT c_mmErvzomit ommner DNE aegmabes soueeziten
mrAarart g b st g s 2nd g not qlmnw AR nAiraat raeyy
Wer o meAEL A A = e T arny cwua g 0 axcretar OF 3AG

N our QNG ang expenmantal ammals agree wilth evais
raporied tor rats by Lehtonen st al. (19).

it remarns to be determined wnat the source(s) of the sievated
urinary GAG 13 (are). There have been reports ¢f striking
increases in GAG synthesis in tumar cells (see Ret. 20), but
Ropma et al. (16) have suggesisd (hat dacreasea gagradanon
may account for increased GAG in some tumors. Our investi-
gahons provide no evidence that the source of the abnormal
GAG increases in tumor tissue and unine is anything other than
the tumor celis themselves: however, a possibdity that these
resuits stem from an impaired abiity of the iiver to degrade
circulaiing GAG's cannot be ruted out.

COMNILUSICN

Qur data clearty snow that hepatomas 7777, 5123t¢. and
2618A have GAG compositions that are aporeciably differant
than that of normal liver. These data show that there are aiso
qualitative differences in GAG betwean tumor lines and that
heparan suifate patterns paraliel growth rate and possibie
dagree of maignancy. Heparan suifate i3 the predominant GAG
in the hepatomas studied. The increased unnary excration of
GAG's for 2 of the 3 tumor lines examined suggests that unnary
GAG analysis may prove usaful in the detection and diagnoais
of some hepatic tumors.
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ABSTRACT

A prospective collaborative study was conducted to compare the effectiveness
of four clinical techniques in the detection of liver damaée due to vinyl
chloride monomer exposure. A chemically exposed and medically monitored worker
population was identified by histopathological and biochemical documentation.
Three techniques were non-invasive: a) grey scale ultrasonography of the liver,
b) microvascular skin capillary assessment, and ¢) urinary analysis of glyco-

9gm'l',c sulfur

saminoglycan excretion. The fourth technique was the standard
colloid radionucleotide liver spleen scan. The screening studies were performed
on 2 randomly selected single cohort of chemical workers; some of whom were known
to have disease. All four techniques were analyzed for their sensitivity and
specificity as compared to results of the liver biopsy and biochemical blood ~
test classification. Although all four screening techniques had a sensitivity
and specificity sum .greator than one, none were significantly better than could
be explained by chance or the use of a biased coin. Reclassification of the
population into those with more severe biocremical abnormalities improved the
sensitivity of all screening tests, but only the sensitivity and specificity sum.
for the GAG test were statistically significant at the 0.05 level. There was no
significant correlation between any pair of screening tests, None of the four
screening tests agreed with the biopsy results better than might be obta'ined\‘by
biased coin or chance. These screening studies as presently constituted, do not
provide sufficient sensitivity and specificity to warrant their use in community

screening for subclinical asymptomatic hepatic injury due to chemical exposuée.
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The initial reports of primary liver cancers (angiosarcoma) in rats exposed

to vinyl chloride by Maltoni, et al (1) and the discovery of sim{lar liver tumors
in vinyl chloride polymerization workers by Johnsoﬂland Creech (2) has lead to
considerable environmental concern regarding communities surrounding chemical
industries which utilize potentially carcinogenic agents such as vinyl chloride.
Several investigators have report2zd on various screening techniques as effective
indicators of vinyl chloride chemiczl injury. Four such techniques - ultrasono-
graphy (3), radionucleotide scanning (4), nailbed capillary visualization (5),

and glycosamincglycan (GAG) (6) excretion - were reported to have scme possible
usefulness in detecting early chemical injury to the liver. In order to determine
the useability of these techniques for community screening, the American Public
Health Association (APHA) and Environmerttal Protection Agency (EPA) funded a
multi-center collaborative study designed to determine the comparative sensitivity
and specificity of these various techniques in detecting and idéntifying chemical
related hepatic injury in asymptomatic individuals.

Materials and Methods

Population Selection

The chemical worker population consisted of 1,178 active (Group B, Figure 1)
employees as of September 1, 1977, and 70 employees who had had liver biopsies
regardless of current employment status (Group A, Figure 1); they were undergoing
annual medical screening for the idertification of work-re]aﬁed disorders. Th '
medical screening consisted of an annual or semi-annual (for those employees with
10 or more years of employment) comprehensive history and physical examinati: s,
laboratory screening studies consisting of 35 biochemical tests, chest and abdomi-

nal X-rays, and radionucleotide liver-spleen scan.
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This population was selected for the collaborative study to determine the
comparative effectiveness of four screening techniques in detecting liver damage
as indicated by 1) past histopathological documentation of liver injury of |
2) current hepatic dysfunction identified biochemically.

Three of the four techniques were included as potential non-invasive pro-
cedures suitable for determining the effects of vinyl chloride in a community
population. These included 1) grey scale ulttrasorography of the liver as devel-
oped by Taylor and colleagues (7, 13, 14), 2) a nailbed skin capillary evaluation
of the middle and dfstal phalanges of the fingers as developed by Maricq and
associates (8), and 3) urinary analysis of glycosaminoglycan excretions (GAG)
as published by Kupchella and associates (9).

The fourth method included for comparison purposes was the standard radio-.

9ngc colloid and interpreted by Whelan

nucleotide Tiver-spleen scan utilizying
and associates (10).

The non-invasive screening studies were performed during a single week on a
group randomly selected from all chemical company employees. The workers were
selected on the basis of complete medical and work data for 1976;1977. and all
those employees who had investigative liver biopsies performed quring the
screening program (1974-1977). The selection process for‘theSQ workers is
illustrated in Figure 1. The biochemical data and radioisotopic scans were part
of the routine medical surveillance system for the employees. The pathological
data was based on the last or most recent liver biopsy (s) which were performeg
for medical reasons, both related and not related to their work. Positive and
negative results were determined as defined in Table 1 which list the technique,

the evaluation or evaluators, and the criteria used. The employees targeted for

examination were selected by simple random sampling from all available employees.
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252 or couid ot 22 scgheduled; 13 did not keep
their schaduled appointment. After pariicipation, nine employees were discovered
to have been misclassified as biochemically abnorma]. They had some biochemical
abnormalities but not all (classified intermediatej and have been eliminataed frcm
the final analysis. Four biochemically abnormal individuals had abnormally low
test values and they were included in the analysis.

Liver Biopsies

Liver biopsies were performed by the transjugular technigue (11) and pro-
vided two to five biopsies from various areas of the liver. In addition, some
individuals had second biopsies performed by the percutaneous or wedge biopsy
via mini-laparotomy procedures. Pathological data was recorded in a computerized
format identifying all histological abnormalities in a semi-quantitative fashion.
Biopsies were read without knowledge of the individual's medical history or
chemical exposure by two pathologists and a hepatologist with extensive experience
in hepatic chemical injury. A1l biopsies were classified as 1) normal, 2)
abnormal, a) chemical injury, and b) non-chemical injury.

The non-biopsy groups were drawn from those currently employed, and based on
biochemical 1iver "function tests" individuals were sorted into positive,
negative and indeterminate for hepatic disease. Only the positive and negative
are included in this study.

The ultrasonic evaluation and its relative ability to identify hepatic
damage due to vinyl chloride has been published elsewhere (3).

Microvascular techniques and the method of evaluation by Dr. Maricq and
co-workers are also published in part (8). _

The experimental work on GAG excretion in vinyl chloride workers and the
techniques for differentiating the electrophoretic patterns in patients with
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angiosarcoma and connective tissue damage of the liver has been published else-
where (9). The effectiveness of radioisotopic (radionucleotide) scanning as a
technique for identifying anatomical lesions in vinyl chloride werkers is in
preparation (12).

Method of Analysis

The biopsied group and the non-biopsied (biochemical) group were analyzed
independently. For the biopsied group sensitivity and specificity were estimated
for each screening test by assuming that the biopsy was correct. For the bio-
chemical group the biochemical classification was assumed to be correct. For
each analysis the data consisted of a simple cross classification. In a perfect
screening test, the sum of sensitivity and specificity would be two. In a
screening test which provided results no better than could be obtained by using
a biased co1n; the sum of sensitivity aﬁd specificity would be equal to one. We,
therefore, estimated 95% confidence 1imits for the sum of sensitivity and spec-~
ificity and observed whether or not one is included within these 1imits. As a
test of statistical significance this is equivalent to the usual Xz test fqr
independent proportions.

Finally, in Table 4 we looked at the association (as measured by the phi
coefficient) between each pair of screening tests. For these comparisons we
used all employees who received both screening tests regardless of their biopsy
status. In this case, we assumed both tests were subject to error and estimated
the phi coefficient ("¢) between them. Finally, for completeness, we give the
biochemical classification for the 51 employees included in the biopsy group.'

Results _

Table 2 compares the histological and biochemical results for the 51

biopsied employees included in the study. Twenty-two of these employees had

biochemical abnormalities as defined in Table 1. There was no significant
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0.20). The biochemical studies used in this analysis were those detarmined at .
the time of this and not at the time the biopsy was.performed. In all instances

of disagreement, the biopsy was positive and the biochemical results negative

(P ¢ 0.001).

Figure 2 provides the sensitivity and specificity for each of the scresning
tests when compared to biopsy results. In no case is the sum significantly
greater than one, indicating that the results are not statistically significantly
better than could be obtained using the biased coin. With the exception of the
GAG studies, similar results are obtained when comparing the sum of sensitivity
and specificity in the biochemical group (Figure 3). The sum of sensitivity and
specificity for the GAG studies are just statistically significant with 95 percent .
confidence limits of 1.06 to 1.52. Table 3 gives the frequency distribution of
the results of the GAG test for employees with normal and abnormal biochemical
results. The distributions differ in their spread (variance) and not in their
location (means).

Finally, the correlation matrix for the four tests are given in Table 4.
There is no significant correlation, as measured by 'Q, between any pair of the
screening tests. This is also true when they are sorted by biopsy status.

After reviewing the results, a reclassification of the 51 employees who had
biopsies was assessed in regard to whether there was chemically induced liver
damage, Ultrasonographic evaluation was reclassified by Dr, Taylor and the liver

biopsies by Ors. Tamburro and Popper. Table 5 gives the results of this additional

analysis which demonstrates that there was no agreement that could not be explained

by chance (P = 0.60).
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Digcussion

The increasing industrialization in highly developed Western countries, such
as the United States, continues to provide concern, not only for the health and
safety of the industrial workers, but also for the surrounding communities in fhe
areas of these industries. It is highly desirable to identify and validate the
reliabi1i£y of screening and diagnostic techniques which will identify the early
development of injury due to the exposure of a variety of chemicals such as
vinyl chloride. The assessment of newly developing techniques on a high-risk,
exposed worker population, who have been carefully screened and prospectively
followed, provide the most reliable method for determing both the semsitivity and
specificity of these technical procedures in the asymptomatic subclinical high-
risk exposed coomunity population. The failure of such techniques to provide
sufficient sensitivity in the presence of a required specificity is of criticil
clinical importance. This is especially so where the incidence of disease is
relatively low and the population exposed large. Tests which provide a high
sensitivity but of low specificity can and do medically stigmatize the population
under surveillance leading to unnecessary anxiety and socioeconomic disturbances
which can far outweigh the benefit of early detection of even serious disease in
a smaller population.

Far too often screening techniques which have been devéioped in a highly
diseased, clinically overt, hospitalizgd population are applied to an asymptomatic,
clinically well-working populations without adequate determination of the sensi-
tivity and specificity at this earlier stage of disease development. ,

In this study, all four techniques had, in the highly diseased hospita1%zed
population, demonstrated either a sensitivity or specificity suggestive for the
identification of underlying chemically related Tiver disease. Some techniques
(Maricq and Kupchella) appeared ideal for community studies since they were non-

invasive, relatively inexpensive, and provided a means of screening which would b

-

highly accepted by a community.
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Tiis srsizactively dasiinad study has allowed us to estimata the 3bility of
5 n-zscnography, nailbed capillary assessments, radioisotopic scanning, and
giycosaminoglycan excre-ians to correctly predict the presence and absence of
hepatic disease as documented by an exposed population. These studies clearly
snow that none of the four screening techniques sufficiently agree with either
the biopsy, the biochemical results, or each other in a well defined population;
they do not provide sufficient sensitivity or specificity to be useful as early
indicators of chemical exposure injury.

The inclusion of nine individuals with intermediate biochemical results,
who were originally misclassified as abnormal, would decrease the sum of sensi-

tivity and specificity in all three screening tests. With their exclusion only

the GAG tests provided results better than might be expected by chance (P¢ 0.05):

Even the GAGs, from a pragmatic point of view, provide too high a false pasitive
rate to be useful in jts present stage. Possibly, with increased refinement and
further study, this might provide a simple non-invasive technique for the
identification of increased collagen changes related to chemical injury. More
immediately, it should be dup11cited to rule out chance.

Had we eliminated the four employees with an abnormally low biochemical
test values, the sum of sensitivity and specificity for the GAGs and nailbed
skin capillary screening tests would have been slightly reduced and that for the
scan slightly increased. The GAG would still be of bordering significant
(x? = 3,73), and the scan not significant (x% = 1,46).

Finally, the tests not only disagree with each other, but within the biops}
group there was no agreement between the biopsies and biocheﬁical.results. It
should be noted, however, that the biochemical studies used in analysis were

those chronologically closest to September, 1977, and not to the date of biopsy.
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The test determinations and the biopsies may have been as long as three years
apart. An analysis of the biochemical tests value done at the time of the
biopsy would have more accurrately reflected the liver status, as shown by
histology (15). It has been shown, in previously published studies, that
biochemical and histological findings each correlate with chemical injury and

chemical exposure (16, 17).
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CLASSIFICATION DETERMINED CRITERIA
BY
a) Positive by consensus aqreement—
Blopsy 1) Dr. Popper, Pathologist if medical
edically significant pathology
2) Dr. Makk, Pathologist ils present. Negative otherwi
3} Dr. Tamburro, Hepatologist se.
b} Pathology is of chemical or non-
chemical origin. (18) ~
Biochemical Liver "Function" Tests Positive if two or more Group
Group 1 Group tests were abnormal or if one
sGPT GGTP Group 1 and both Group 2 tests
1CG BILIRUBIN were abnormal. Negative if all
5GOT six tests were normal.
ALK. PHOSPHATASE Intermediate otherwise.

Ultrasound Dr. Taylor Defined as negative if the over-
all impression was normal. Posi-
tive otherwise.

Microvascular Dr. Maricq Defined as negative If there were

no microvascular abnormalities.
poslitive otherwise.

Glycosaminoglycans

uronic _ UG Uronic Acid

acid

MG Creatlnine

Defined as positive for values
less than 2.0 or greater than 4.8.
Negative otherwise.

Liver Scan

Dr. Whelan

Defined as positive if any patho-
logical defect was detected.
Negative Otherwise.
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TABLE 2

12

COMPARISON OF BIOPSY AND BIOCHEMICAL

DETERMINATIONS OF THE PRESENCE

OF LIVER DISEASE

BTOPSY BIOCHEMICAL BIOCHEMICAILY.| oo
POSITIVE | NEGATIVE SUM INDETERMINATE

POSITIVE 3 18 21 15 16
NEGATIVE 0 8 8 7 15
SUM 3 26 29 22 51

r = 0.20966 xi = 0.200 N.S.

2
2,18 ~-1)"%18 = 16.1 P < 0.00L

Matched xl -
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TABLE 3

FREQUENCY (F) AND RELATIVE FREQUENCY

QF GAGS FOR NOPMAL AND ABNORMAL

-

ZICCHIIICAL RZSULTS

(R.7.)

S+ 2 0.056 0.167

Sum 36 1.000 24 1.000
Mean 2.886 3.160
Variance 0.746 1.776

t" = 0,968 N.S. T Test Independent Means

=2.38] P< 0.05 F Test Independent

23,35

cMp 003195
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TABLE 4

CORRELATION MATRIX (Ro) BETWEEN FOUR SCREENING
TESTS USED TO PREDICT THE PRESENCE (R

ABSENCE OF LIVER DISEASE

GAG CAPILLARY ULTRASOND  RADIOISOTOPIC

ANALYSIS ASSESSMENT ' STUDY SCAN
GAG ANALYSIS . 0.08 -0.03 0-005
CAPILIARY ASSESSMENT | (113) . 0.03 0.07
ULTRASOUND STUDY (87) (84) . 0.06
RADIOISOTOPIC SCAN (120) (114) (88) .

None of the correlatioms are statistically significant (a = 0.05).
The correlations are given above the diagonal.
The sample size is given in parenthesis below the diagomal.
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_H__ngra Sound
Chemical
Biopsy Abnormality Other sSUM
Chemical
Abnormality 7 3 12
Other 26 13 39
SUM 33 18 51
Specificity = 13/39 = 0.333
Sensitivity = 7/12 = 0.583
Sum = (.916
3191
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SENSITIVITY AND SPECIFICITY. FOR FOUR SCREENING
TESTS FOR THE PREDICTION OF LIVER ABNORMALITIES

(AS DRTERMINED BY BIOPSY)

Specificity
Sum: Sensitivity

] Tlpl“s T ,95% Limits
1.13 .15 l

o
P
]
[ &)
al
Yy
o
L N ]— 1.04
UQ; 1 .02
'U .2? wlbe
3 | 1 {
55 .53 <15 64 | Csensitivity
A
§ . 80
(7] .60
c <ASpecificity
r}}; .40 .40
0
GAG Microvescular Ultrasound Scan
Mabrer Fiployees (51) (49) (51) (51)
Pnzitive Blopsies K K| K ;] 6

Nepative Biopsies 16 15 15 15
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Figure 3

SENSITIVITY AND SPECIFICITY FOR FOUR SCREENING
TESTS FOR THE PREDICTION OF LIVER ABNORMALITIES

(AS DETERMINED BY REVIEWED BIOCHEMICAL TESTS)

. Sum: Specificity

‘r T Plus sensitivity
1 —
3 120 T I @ 95% Limits
ho %.16 1.15
? i
Q . —
oy 1\ J J
a L -
- .46 - Sensitivity
S
" b
E .59 .58
- .83
b
g .57 .57 |- Specificity
o
o .35
GAG Microvascular Ultrasound Scan

Number Employees {60) (57) (3D (61)
Positive Blochemical 24 22 24
Negative Biochemical %6 35 37
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STUDIES ON THE MUTAGENICITY OF VINYL CHLORIDE METABOLITES
AND RELATED CHEMICALS

A. D, Laumbach, S. Lee, J. Wong, and U, N. Streips

Department of Microbiology and Immunology
University of Louisville School of Medicine
Department of Chemistry
Loulsville, Kentucky 40201

I. INTRODUCTION

The studies by Viola et al (26) and Maltoni et al (15) established
the carcinogenic potential of vinyl chloride monomer. The detection of
angiosarcoma in industrisl workers exposed to polyvinyl chloride
suggested a causal relationship between this chemical and the development
of hepatic sbnormalities (4,12). Hefner et al (7) have delineated the
metabolic fate of inhaled vinyl chloride in rats and proposed that the
epoxide, chlorooxirane, and chloroacetaldehyde were the carcinogenic
intermediates. Their hypothesis has been supported by the work of
several laboratories (3,14,16,19, Elmore, Wong, Laumbach and Streips,
submitted for publication) using bacterial strains as mutagenic
indicators.

In this communication we present additional data concerning the
mutagenicity and the potential mechanisms of action of several vinyl
chloride metabolites, including the previously unreported chloroacet-
adehyde monomer hydrate, chloroacetaldehyde dimer hydrate, and
chlorcacetaldehyde trimer. Epichlorohydrin, a mutagenic/carcinogenic
(21,25) methylene homolog of chlorooxirane was also examined.

II. PROCEDURES AND MATERIALS USED

A. Bacterial Strains

The bacterial strains utilized in these studies are presented in
Table I. The Bacillus subtilis strains were all maintained on AK agar
(BBL). Salmonelia typhimurium culturcs were obtained from B. N. Ames (1)
and were stored on Nutrient Agar (Difco) plus 5g NaCl per liter.
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B. Mutagenicity Assays

The indirect agsay utilized repair deficient strains of B. subtilis.
The procedure was a modification of the "rec~assay" deseribed by Rada
et al (9). Cells were grown overnight in Nutrient Broth (Difco) at 37C
in a rotary incubator shaker, then diluted tenfold in phosphate buffer
(pH 7.0). The suspended cultures were streaked onto Nutrient Agar plates
(Difco). Filter paper discs (6 mm) were saturated with the chemical
solutions to be examined, then were placed onto the agar plates next to
the streaked bacterial cultures. Following incubation at 37C overnight
the plates were examined and the lethality and mutagenic potential of the
test chemicals were assessed by comparing inhibition zones between the
B. subtilis 168 wild type, a repair-capable strain and the various DNA
repair-deficient strains. In all these studies 4-nitroquincline-l-oxide
(4NQO) was used as the positive mutagenie control.

Direct mutagenicity assays utilized the S. Mﬁg tester strains
degscribed by Ames (1). The chemicals were examined by the methods of
McCann et al (16). The cultures were growa in Nutrient Broth plus 0.5%
NaCl overnight in a rotary incubator shaker at 37C. A mixture of the test
chemical (0.1 ml) in dimethyl sulfoxide (DMSO) and 2 ml of soft agar

(0.6% agar, 0.6% NaCl, 0.5 mM biotin, and 0.5 mM histidine) was added to
0.1 ml of the bacterial culture. The solutions were mixed thoroughly and
overlaid onto minimsl plates [Vogel-Bonner E medium (27), 1.5% agar, and
2% glucose]. Control samples were prepared by omitting the test chemlcals
For the positive mutagenesis control, 4{NQU was added to the mixiures in
place of the test chemicals. All plates were incubated for 48 hr at 37C
prior to the enumeration of revertant colonies.

C. Chemical Compounds

The chemical compounds utilized in these studies were prepared,
purified, and analyzed by previocusly reported techniques (Elmore, Wong,
Laumbach, and Streips, submitted for publiecation).

D. Preparation of DNA

Trangforming DNA was isolated from B, subtilis cultures by the
method described by Young and Wilson (297. "In some of the experiments
the cultures were pretreated for 15 min either with chloroacetaldehyde
(16 mM) or epichlorchydrin (16 mM) prior to the extraction procedure.

In alternate experimentz S-9 liver homogenate mix was added to the
compounds prior to addition to bacteria. The S-9 liver homogenate
contains per mi, 0.3 ml of the S-9 fraction, 8 oM MgCl,, 33 mM KC1, 5 mM
glucose-6~P, 4 mM NADP, and 100 mM sodium phosphate (pH 7.4). The DNA
concentration in all lysates were assayed by the method of Richards (20).

E. Treatment of DNA In vitro with Chemicals

A sample of B. subtilis transforming DNA (0.9 ml) in standard
saline citrate (S3C)(0.15 M NaCl-0.015 M trisodium citrate, pH 7.0) was
combined with 0.1 ml chloroacetaldehyde (1.0 M in DMSO) or 0.1 ml
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F. Competent Cultures for Transformation Assays

The procedures for the development of competence were similar to
those deseribed (23). B. subtilis cells were grown in a modified
Spizizen's minimal medium (GI) (29) for 90 min at 37C after cessation
of logarithmic growtk in a rotary incubator shaker, The cells were then
diiuted vanloid into GII medium (29) and incubated for an additicnal &0
min av 37C in the shaker, At thig time the culture has attazined maxioum
CCLmpRaTance.

G. Transformation Procedures

A gample (0.1 ml) of extrscted, treated or untreated DNA was added
to 0.8 ml of the competent cultures and incubated at 37C for 30 min in
the shaker. The reascticn was terminated by the addition of 0.1 ml of
deoxyribonuclease (500 ug/ml, Worthington Biochem. Corp.) for 15 min at
37C. The cells were plated on appropriate selective minimal media and
incubated at 37C for 48 hrs.

III. RESULTS

A summary of preliminary mutagenesis screening experiments with
potential vinyl chloride monomer metabolites and related compounds is
presented in Table II. It i3 evident that chlorocoxirane and chloro=-
acetaldebyde are the ultimate mutagens in this gystem, These results
egree with the published data (3,16). In addition, this table describes
the mutagenicity of the other chemical forms of chlorcacetaldehyde, not-
ably a monomer hydrate, a dimer hydrate, and a trimer, The hydrate and
dimer hydrate forms have been shown to form an equilibrium mixture by
the spontanecus rearrangement of chlorocacetaldehyde under physiclogical
conditions (Elmore, Weng, Laumbach, and Streips, submitted for
publication),and these hydrate forms must be regarded as potential
metabolites of consequence. Purified dimer hydrate and trimer were
synthesized under laboratory conditicns., Neither acetaldehyde, chlore-
acetic acid, nor chlorcethanol showed a significant level of mutagenicity
in these assays. Other investigators have reported the mutagenicity of
chloroethanol, however, either high concentrations or activation with
microsomal enzymes was required for activity (3,16). Our results agree
with those of McCann et al (16). These experiments suggest a molecular
relationship involving the proximity of the chloride group to the
aldehyde moiety for mutagenic activity. In this regard we are currently
examining structurally analogous ketones, substituted with various
halogens. Epichlorohydrin (1l-chloro-2,3 epoxypropane) was alse mutagenic
in sereens using the Salmonella tester gtrain TA10O.
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Further experiments examined the effect of proposed metabolites on
several different DNA repair deficient strains of B. subtilis.
Chlorooxirane and the different forms of chloroacetaldehyde were all
found to specifically inhibit the growth of strain MC-1, which lacks
recombination repair (17) (Table III). Epichlorohydrin was capable of
moderate reactivity only in the presence of the 3-9 fraction,

Quantitative mutagenesis assays with Salmonella strain TA1QO, an
indicator for base-palr substitution mutations, revealed that chloro-
acetaldehyde monomer had the highest mutagenic capacity of all the
reactive metabolites (Table IV). The monomer-dimer hydrates, dimer
hydrate, and trimer show progressively decreasing mutagenic efficiency as
evidenced by the higher chemical concentration required for eliciting
maximum reversion. All forms of chloroacetaldehyde were very toxic, thus
the mutagenic response of each compound was limited to a narrow range of
concentrations, However, epichlorohydrin, a weak mutagen by comparison,
has & broad mutagenic spectrum and a corresponding low toxicity.

Since the mutagenic activity of the compounds constituted gtreng
evidence that DNA was a primary target of attack, we examined the inter-
action of chloroacetaldehyde and epichlorohydrin with transforming DNA.
It is known that the blological activity of transforming DNA can be
altered by exposure to physical and chemical agents (8,22). Previous
studies have shown that chloroacetaldehyde can bind to DNA in vitro (11).
Accordingly, transforming DNA isolated from B. subtilis 168WI was

. treated with either chloroacetaldehyde or epichlorohydrin as described in

Materials and Methods. The treated DNA was examined in transformation
agssays utilizing several different auxotrophic strsins of B. subtilis as
the recipients., Data presented in Table V reveals that in vitro treatment
of DNA with either compound has little or no apparent effect on the
bioclogical activity of this DNA in transformation.

Since both chloroacetaldehyde and epichlorchydrin demonstrated
mutagenic activity in the Salmonella TALOO strain, we examined the effect
of these two compounds on B, subtilis DNA in vivo. Transforming DNA was
isolated from B. sybtilis following 2 15 min exposure to the mutagenic
chemicals. The DNA concentration was calculated from these samples, and
levels equivalent to those used in the in vitro assays were added to
competent cultures. The results of these transformation assays are shown
in Table VI, Two major effects are evident with chloroacetaldehyde in vive
treated DNA. First, there was a major depression of the biclogical
activity in the transforming DNA. Secondly, the depression showed genetic
marker specificity. Moreover, the DNA segments containing genetic
markers which have previously been shown to be associated to macromole-
cular structures such as the cell membrane (6,24,28) or the cell wall
(Streips, Doyle, Sueoka, Brown, and Fan, submitted for publication) were
selectively protected from attack by chloroacetaldehyde and
epichlorohydrin, The activity of epichlorohydrin was less in these
experiments, however, the patterns of specific marker inactivation are
quite similar. The addition of the S-9 mix to the chemicals prior to
addition to the cells, did not cause significant alteration in trans-
formation efficiency (results not shown), In some samples there was an

. effect on the transforming DNA by DMSO, therefore all transformation

values were corrected to account for this parameter.
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chloroacetaldehyde zonomer hydrate, dizer hydrate and trimer, as well as

- ta et ewd mrse” e cismammmcmw ad A memm sl ammm s HawmaT e st AT mana e oy aw -5 tr
et phRVawiede) e v mwe e wamlwa W T W e e e i ] s ik & L) "

have shown that recombinaticn repalr appears to be the mechanism for the
correction of vinyl chloride metabolite elicited damage. 3) Chloro-
acetaldehyde causes a2 decrease in the biological activity of transforming
DNA only if the cells are treated with the mutagen prior to the extraction
of the DNA. In vitro studies showed no effect. 4) Epichlorchydrin
narently 4ilfars markadly from the vinyl chloride metabolites in

utegsnic agtivity.

a
-
m
-

To undarsvand the nuilagenic petential of an eavironmental carsinogen,
such as vinyl chloride and related chemicalg,it is necessary to determine
both its metabolic fate and probable mechanism of action for alteration
of cellular processeg, This rerort, as well as others, (3,14,16) has
identified the potential active metabolites in vinyl chloride meonomer
recdiazed carcirogenesis. urthermore, on toe tasis of a geries of studies
in microbial systems, we can postulate probable mechanisms of action of
the vinyl chloride mopczer metabolites and related chemicals., Under-
standing of these mechanisms is necessary for the development of possible
blocking agents to the carcinogenic activity.

Recombination repair appears to be induced to correct DNA lesiocns
caused by vinyl chloride moromer metabolites and epichlorohydrin.
Salmenella strain TALQ0 which lacks excision repair (uvr—), yet retains
the capacity for recombination repair is capable of recovery and can
express mutation following exposure. Furthermore, experiments with
several repair-deficient B. subtilis mutants demonstirate that only the
recombination repair mutant Iis specifically sensitive to the active
metabolites, whereas the excision repair mutants and the wild type strain
are relatively unaffected. The nature of the lesicns may specifically
evoke the recombination repair mechanism (10), or, alternatively, the
chemical reactivity of the metabolites may directly suppress other
repair. It is known that recombination repair is inducible, while other
types of repalr are mostly constitutive (5). Since chloroacetaldehyde
has been shown to specifically intersct with proteins containing -SH
groups (J. Hoffman, personal commmication), 1t is possible that the
chemical could inactivate the constitutive repair enzymes leaving the
repair to an inducible system.

The requirement for reccmbination repair of damage induced by thege
chemicals suggests the potential route of mutagenesis in bacteria.
Recopbination repair has been shown to be error pronme (16). In this
sense it resembles postreplicaticn repair in mammalian cells (13). Thus,
we can postulate that the analogous error prone repair pathway, posti-
replication repair, may function in mammalien cells in response io vinyl
chloride metabolite elicited damage. A relationship between post-
replication repair caused errors and somatic mutation and carcinogenesis
has b en suggested in patients with the skin disease, xeroderma pig-
mentosum (13). ’
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The increased inhibitory activity of the chloroacetaldehyde dimer
and trimer forms for the other repair-deficient B, subtilis strains
(Table III) may have been nonspecific killing of the cells, since all the
strains other than MC-1 showed identical levels of inhibition. The
necessity for metabolic activation of epichlorchydrin could reflect
either & lack of permeability of the nonactivated compound or the
requirement of a metabolite of this compound as the true mutagenic
species.

Neither chloroacetaldehyde nor epichlorohydrin seemed to affect
transforming DNA in vitro (Table V). Although several investigators have
reported that CAA specifically modifies bases and causes mismatched base
pairs (2,11), this reaction in vitro does not seem to affect the
biological activity of the DNA.” In contrast, DNA which was isolated from
cells treated with either chloroacetaldehyde or epichlorchydrin (in vivo,
Table VI) was severely affected. The overall biological activity of the
transforming DNA is depressed, and it appears that the regions of the
genome which are not protected by either the cell membrane or cell wall
are most susceptible to attack and inactivation. It has also been
postulated both in Escherichia coll and B. subtilis that the replication
origin, terminus, and replication fork are all outer surface bound
(18,24). Thus, these would be protected regions from chloroacetaldehyde
attack and the nonreplicating DNA in the cytoplasm would be most
susceptible. In this coanection, recent experiments in our laboratory
(Laumbach, Lee, Wong, and Streips, manuseript in preparation) have
shown that chloroacetaldehyde causes enhanced mutation levels in cultures
with nonreplicating genomes. This may imply that chloroacetaldehyde
could be active in mammalian cells during growth stages where little DNA
synthesis occurs.

The mode of action of epichlorohydrin, a known carcinogen (25),
differs from that of the vinyl chloride monomer metabolites. Although
epichlorohydrin causes similar base substitution mutations in Salmonella
tester strain TA 100, it is a comparatively weaker alkylating agent
based on quantitative assay. Epichlorohydrin alsc exhibits a lower
toxicity level than vinyl chloride monomer metabolites, thus epichloro-
hydrin can demonstrate mutagenic activity through a wider range of
concentrations. In addition, our laboratory has preliminary evidence
that epichlorohydrin produces higher levels of mutation in Salmonella
cultures which are actively replicating DNA than in cultures which
have been arrested in DNA replication (Laumbach, Lee, Wong, and Streips,
manuseript in preparation). The different activity spectra between
chlorocoxirane and its homolog epichlorohydrin points out the necessity
for a miltifaceted study of carcinogens.

V. SUMMARY

Our laboratories have utilized strains of B, subtilis and
Salmonella typhimurium to investigate the mutagenicity of vinyl chloride
' tabolites and related compounds. The major findings reported in this

wseript are: 1) Confirmation of mutagenicity of chloroacetaldehyde

i chlorooxirane. 2) Description of mutagenicity of additional
potential metabolites of vinyl chloride, chlorcacetaldehyde monomer
hydrate, dimer hydrate, and trimer, as well as the mutagenic
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mitagen prior to the extraction of the DNA. In vitro the chemical had no
effect. 5) Epichlorohydrin differs from vinyl chloride metabolites in
mode of aetien.
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Table I

Bacterial Strains

Baecillus
subtllis

Genotype

Origin and Comments

RUB 783
BR 151

BUL 709
BUL 714

Her-9
(JBO1-200)

MC-1
FB-13
168WT

purB6, leu-8, hisAl, metBlO
trpC2, lys-3, metBlO

ura-l, hisAl, leu-8, metBl0
cysA, hisAl, leu-8, metBlO

trpC2

trpC2, recB2

trpC2

prototroph

U. Streips

B. Reilly

This laboratory
This laboratory

3. Okubo and W. Romig, her-

S. Okubo and W. Romig, rec~
C. Haddene uvre”

A. Laumbach and I. Felkner

Salmonella
typhimurium

Mutations in Strains

His™ LPS DNA Repair R Factor Mutation Detected

hisB46 rfa uvrB
hisB46 rfa uvrd
hisC3076 rfa uvrB
hisD3052 rfa uvrB

hisD3052 rfa

base-pair substitution
bagse-pair substitution
frameshif't
frameshif't

frameshift
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Tatle II

Mutaganic Astivity Assayed Ty Bacterial Test Systems

Indirect Sereen  Direct Tes:d

Coampounds 8. subtilis S. typhimurium
"Hepalr-Assay" StFaD;nﬁm
Acetaldehyde NRP NR
Chlorgacetia leid NR MR
Chloroetharol NR MR
Vinylidens Chloride NR NR
Vinyl Chloride NR NA
Chlorooxirane +C +sd i
Chloroacetaldehyds i .
( monomer ) .
Chlorcacetaldehyde ++ ++
(monomer-dimer hydrates)
Chloroacetaldehyde + +
(dimer hydrate)
Chlorcacetaldehyde * +
(trimer)
Epichlorchydrin NR +

Sgxperiments performed {n absence of liver homogenate-
mediated activaticn.

bNR no reaction detected
€ + Reactive
dee Moderately reactive

€+++ Very reactive . )

C
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Table III

"Repair-Assay" with Bacillus subtilis Strains

Molar Growth Inhibition in Millimeters®
Compounds Concentration 168wT MC-1 Her-9 . FB-13
(her*, ree*) (her*, rec-) (her-, rec*) (uvr*, rect*)
Chloroacetaldehyde 0.10 2.0 28.0 4.0 3.0
( monomer)
Chloroacetaldehyde 0.115 NI® 23.0 NI NI
( monomer-dimer hydrate)
Chloroacetaldehyde 0.097 2.0 10.0 2.0 2.0
{dimer hydrate)
Chloroacetaldehyde 0.096 7.0 15.0 6.0 7.0
(trimer)
Chlorooxirane 0.26 NI 10.0 NI NI
Epichlorochydrin 0.997 NI NI NI NI
Epichlorohydrin
{plus liver homogenate)® 0.997 NI 3.0 NI NI

aAverage inhibition calculated from multiple experiments.

®No inhibition detected.

€9,000 x g supernatant (S-9) + NADPH generating system.

CcMA 003212




Table 1V '

Quantitative Mutegenicity Assay by Salmonella TAL00 Reversion

Concentration in

A Compound Soft Agar Layer Average Number

E}' rM/Plated Revertants/l’lateb

i .
o Chlorocacetnldehyde 0.0004 265 'r
t ( monomer } -
1)

E Chloroacetaldehyde 0.054 977

3 ( monomer-dimer hydrate}

s Chloroacctaldehyde 0.490 311 ' :
'r'—'].! {dimer hydrate)
e

T Chlorcacetaldehyde 0.240 159

o {trimer)

Erj Epichlorohydrin 4.746 2856

4

'(é %iighest effective non-toxic concentration for reversion.

1 bSpontnneous background revertants subtracted.
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Table V

Effect of Chloroacetaldehyde and Epichlorohydrin of Transforming DNA In vitro

Relative Transformation Efffciency?
Recipient Strains © leu-8 cysA hisAl wura-1l trpC2 1lys-8

CMA 003214

Epichlorohydrin treated
DNA

BUL 714

RUB 783

BUL 709

BR 151

Chloroacetaldehyde
treated DNA

BUL 714

RUB 783

BUL 709

BR 151 NDP Nk

®Relative transformation efficlency calculated: number of transformants with treated DNA
bNot determined . nunber of transformants with untreated DNA

CConditions for competence and transformation as described in Materials and Methods.

=
=
)
P
bos ]
Q@
131
2
.
E
-
E
v
L]
ki
a
<
)
O
é
o
=




ELIRID
- £

STUDIES ON THE MUTAGENICITY OF VINIL CE

Table VI

EFFECT OF CHLOROACETALDEHYDE AND EPICHLOROHYDRIN ON TRANSFORMING DNA IN VIVO

: Relative Transformation Efficiency®
Recipient Strains? | metBl0 leu-8 cysA hisAl wura-1 +trpC2 1ys-3 purBlé

Chloroacetaldehyde
in vivo treated DNA

BUL 714 .54 .09 .08 .36

RUB 783 .33 .10 .35 .10
BUL 709 .53 .07 .32 .34

BR 151 37 %) 11
Eplchlorchydrin

in vivo treated DNA

BUL 714 .55 17 .25 | .46

RUBD 783 .52 .15 .38 ND°
BUL 709 .59 .15 .50 .36 -

BR 151 37 A1 .19

8Relative transformation efficiency calculated: number transformants with treated DNA

number transforments with untreated DNA
bconditions for competence and transformation as described in Materials and Methods.
CNot determined.
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VINYL CHLORIDE MUTAGENICITY AND CARCINOGENICITY VIA THE METABOLITES

CHLOROOXIRANE AND CHLOROACETALDEHYDE MONOMER HYORATE.

Jim D. Elmore and John L. Wong*
Department of Chemistry, University of Louisville

Andrew D. Laumbach and Uldis N. Streips*

Department of Microbiology, University of Louisviile
Louisville, Kentucky, USA 40208

" SUMMARY

Mutagenicity tester strains of Bacillus and Salmonella were used to

assay vinyl chloride in nutrient broth at a practical concentration level.
Also screened without exogenous activation were seven potential metabolites
. of vinyl chloride in their pure forms as well as the related epichlorohydrin,
Chlorooxirane, chloroacetaldehyde, chlcroacetaldehyde monomer hydrate, chloro-
acetaldehyde dimer hydrate, chloroacetaldehyde trimer, and epichlorohydrin

produced significant mutagenic activity in Salmonella typhimurium strains

sensitive to base-pair mutation. A recombination repair deficient strain

of Bacillus subtilis was inhibited in growth by these compounds, whereas

excision repair deficient and wild type strains of Bacillus subtilis were

relatively unaffected. On the basis of these assays a working hypothesis
for the vinyl chloride carcinogenesis mechanism is proposed which involves
chlorooxirane and chloroacetaldehyde monomer hydrate as the ultimate carcino-

genic metabolites of vinyl chloride.
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INTRODUCTION

The carcinogenic potential of vinyl chloride monomer 1 was initially
"]

established by Viola et al. [1] and Maltoni et al. [2] with inhalation experi-

ments using laboratory animals. .Detection of angiosarcoma in polyvinyl chloride

workers suggested a causal relationship between industrial exposure to vinyl
chloride and the development of pathological conditions in humans. This
contention was supported by epidemio]ogi;é] data which revealed an association
between exposure to_l and the onset of hepatic abnormalities including angio-
sarcoma [3,4]. A report by Hefner et al. [ 5] on the metabolic fate of 1 in rats
indicated that 67% of the vinyl chioride inhaled by the rats was metabolized
and excreted in the urine. The metabolic products identified were N-acetyl-S-
(2-hydroxyethyl)cysteine and thiodiglycolic acid [5,6] which are sulfhydryl
conjugates of chloroethanol 2 and chloroacetic acid 3 respectively. Chloro-
oxirane i and chloroacetaldehyde 2 were speculated to be the carcinogenic
forms. We report herein the mutagenicity and carcinogenic potential of these
compounds in their pure %orﬁs. |

Several reports [7,8,9] have appeared recently using the Salmonella
tester strains to test vinyl chloride and several of its supposed metabolic
derivatives. Vinyl chloride and chloroethanol were found to be mutagenic
after activation by liver homogenates [9]. Direct mutagenicity of vinyl chloride
was also reported by McCann et al. [7] and Bartsch et al, [10]at 20% v/v in air
(200,000 ppm). Since the solubility of vinyl chloride in water at 25°C and 1
atm has been determined to be 7.79 x 10'4 mole fraction [11] or 2,900 ppm, we

have conducted further testing at this concentration level to secure a practical

CMA 003217
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tastad ars often guastionadia. Chloroacetaidehyde, 1ike formaidanyds (72,
dichloroacataldahyde [13], and chloral (141, can exist in combinations of four
forms depending on the history of sample preparations: the monomer 2, the
monomer hydrate 6, the dimer hydrate 7, and the trimer 8. McCann et al. [7]
used vacuum distilled chloroacetaldehyde without a follow-up analysis of its
content. This distillate may have consisted of chloroacetaldehyde monomer 2
ind it3 oyelic trimar g i¥ watar was totally absent, or it may have baan a
nixturs of chloroacetaldzshyde hydrates Q and Z in an aqueous medium. Bartsch
et al. [10] tested a commercial aqueous chloroacetaldenyde solution which,
according to our analysis reported herein, had an acidic pH and approximately
equal concentrations of the two hydrates g and Z. This solution was also
contaminated by ethanol to the extent of 10%. We have therefore conducted
individual assays of pure compounds, or assa)s of a known mixture of the
specific forms of chloroacetaldehyde. Furthermore, the mutagenicity observed
for chlorooxirane Q {9] may be attributed to a chloroacetaldehyde hydrate
rather than the chlorooxirare integrity. Under the 37°C aqueous testing
conditions reported, chlorooxirane decomposed with a half life of 1.6 min [10]
to chloroacetaldehyde. For this reason we have also screened epichlorohydrin
g which is a stable chloro-epoxide homolog of i as a comparative assay to
interpret the observations of the activity of chlorooxirane.

This investigation used the above-menﬁioned compounds l - 2 in
mutagen assays without exogenous enzyme activation. A preliminary

screen was performed using DNA repair-deficient mutants of Bacillus subtilis.

This was followed by quantitative testing of the coﬁpounds for mutagenicity




with Salmonella typhimurium LT-2 strains [15]. Thus, a combination of these

two screening procedures have led to information on the mutagenicity and

carcinogenic potential of these compounds as well as their chemical mode of

action.

MATERIALS AND METHODS

The bacterial strains used in the bioassays are shown in Table I. The
Salmonella tester strains were designed to detect chemical carcinogens as

mutagens [15]. The recombination and DNA repair-deficient Bacillus subtilis

strains were used in the repair assays as an indirect test for mutagenicity

[16,17]). Nutrient broth (Difco) and nutrient broth plus 0.5% NaCl was used

for growth of stock cultures of Bacillus and Salmonella strains respectively.
Nutrient agar (Difco) served as a solid medium for the growth of Bacillus '
strains in "repair-assays". Thepour plates used with Salmonella strains
consiéted of molten (45°C) soft agar which contained 0.6% agar, 0.6% NaCl,
0.5uM biotin, and 0.5 mM histidine. The minimal agar b]ate was composed of
Voge]-Bonner.E medium [18], 1.5% agar, and 2% glucose.

Vinyl chloride gas was obtained from Matheson Scientific; aqueous
chloroacetaldehyde (45% by wt.) from ICN Pharmaceuticals; epichlorohydrin

from Matheson Coleman and Bell; and other chemicals from Aldrich Chemical Co.

Mutagenicity Assays

Salmonella - Vinyl chloride l was tested by the method of Ames [7]. A mixture
of 0.1 ml of l in broth and 2 ml1 of top agar was added to 0.1 ml of cell
culture. The solutions were then mixed and poured 1nmmdiate1y onto the surface
of a minimal medium plate. After incubation for 48 hrs at 25C, colonies were

counted and recorded. For compounds 2 - g,sample solutions of known concentrations
. "
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wera praparzd fn dimetiyl sulfoxide [(2ME0). A 0.1 ml aliqust of the sample
solution was admixed with 0.9 ml of the tester strain culture. Then, a .

A A am T . -3 -
addzd 42 2 Y of molian 1% 2m

2zpiizd to tha surtace of a minimal agar plate, Control plates for daztection

of the spontaneous reversion rates were prepared for each tester strain by -
omitting only the compounds tested. Pour plates were incubated for 48 hr at

37°C before revertant colonies to prototrophy were counted. For positive

mutagenesis control, plates containing the mutagen 4-nitroquinoline-N-oxide

Jore used,

Bacillus - The "rapair-assay" procedure was a modification of the "rec-

' assay" procedure of Kada et al. [19]. They were grown overnight in nutrient

broth then diluted 10 fold in phosphate buffer (pH 7.0). -Strains were streaked
with pipettes onto nutrient agar plates. Filter paper discs (6 mm) saturated

with test solution were placed upon the bacteria streaks. Follewing incubation

for 24 hr at 37°C, growing bacteria were visible except in the inhibition zona. .
The lethality and mutagenic potential of compounds were assessed by comparison

of inhibition zonés between the 168 wild type strain and the DNA repair-deficient
strain and the DNA repair-deficient strains. The control used was 4-nitroquinoline-
N-oxide. Survival assays for E and z (cf. Fig. 3.) were made in MY-1 broth (17]
solutions. Cultures were grown in tryptose blood agar base for 16 hrs, inoculated

into MY-1 broth, and viable cell counts were done on TBAB agar plates.

Compound Synthesis and Purification
Chlorooxirane 4 prepared by the method of Walling and Frederick [20] was in
N

higher purity (95% pure) than that by molecular chlorination [21] (50% pure).

Thus, t-butyl hypochlorite and ethylene oxide at -10°C with 200 watt tungsten

lamp irradiation yielded chlorooxirane 4; glpc (gas 1iquid phase chromatographyz
~
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tp = 1.2 min at 50°C, infrared absorption ( v cm") 900, 1250, 1320, and

1710 as described previously [21], and PMR as shown in Table II. Derivati-

zation of 4 with an excess of acidic 2,4-dinitrophenylhydrazine solution
~ '

gave glyoxal-bis-dinitrophenylhydrazone, mp 317-318° (317°C reported[21]).

Chloroacetaldehyde monomer 2 was obtained in the purest form by cracking

the chloroactaldehyde trimer 8 at 95°C and distilling it into dry DMSO;
. ~
gipc tg = 2.25 min at 100°C and PMR as shown in Table II.

Chlorocacetaldehyde dimer hydrate 7 - A solution containing 49.5 ml of
")

38% hydrochloric acid, 30 ml of the 45% aqueous chloroacetaldehyde solution,
and 55.5 ml of water vas distilled over a 9 inch Vigreaux fractionating
column. The fraction (1/5 of the initial volume) collected from 87-100°C

was redistilled. This secend distillate at 83-92°C crystallized after 3 da&s.
at -15°C. Upon sublimation of 60°C and 1 atm, white crystals ofpz were
obtained; mp 55°C and PMR as shown in Table II.

Chioroacetaldehyde trimer 8 - Concentrated sulphuric acid (7.5 ml) was

added to the 45% aqueous chloroacetaldehyde solution (5 ml) with vigorous
stirring and external coolipg (-5°C). The crystalline precipitate was
filtered after standing overnight at -15%, washed wfth 5 nﬁ of cold 20%
aqueous methanol, and recrystallized 5 times from cold methanol; mp 87-88°C,

corresponding to that reported by Natterer {13], and PMR as shown in Table II.

Quantitation of vinyl chloride in nutrient broth - The concentration

of vinyl chloride 3 in the broth solution was determined by an extraction

method in conjunction with glpc. This method involved (1) establishing the




linearity of the response of 1 on glpc, (2) constructing a standard curve

of viayl chloride weight vs. peak area, and (3] extracting the oroth with
methylene chforide followed by glpc determination. (1) Linearity of

response ~ A standard solution of l was prepared by condensing it (bp -13.4°C)
at -78°C onto a known weight of methylene chloride in a 1 ml volumetric flask
fitted with a serum cap. The con&ensed vinyl chloride was determined by
weighing. A typical solution thus prepared was 0.2377 M and was subjected

to glpc analysis by varying injection sizes from 1-9 ul. The correlation of
vinyl chloride weight and peak area was made by a ieast square computer routine:
slope = 0.877, with an index of correlation of 0.972 (ideal 1.00) up to 6 ul

(0.1078 mg) of injection. (2) A standard linear curve using the above technique

was established for 0.01-0.10 mg of vinyl chloride. (3) Extraction of broth -
Vinyl chloride was allowed to bubble through the nutrient broth for 30 min

at 25°C. A 1.0 ml broth sample was then extracted with 4 x 2 ml of methylene
chloride, the extracts were combined and then made up to 10 ml in a volumetric
flask with methylene chloride. Glpc analysis of this solution and application
of the standard curve showed that there was 7.0 mg of’l in the 10 m] solution,
or the concentration of l in the broth was 0.0107 M. Repeated determination

showed it to be 0.0105 M.

High Pressure Liquid Chromatographic (HPLC) Analysis of the Commercial

45% Aqueous Chlorpacetaldehyde - Reverse phase HPLC on the commercial 45%
chlaroacetaldehyde solution (7 M, pH 2.6) resolved it into two components:
tRl = 5.3 min and tRZ = 8.8 min in a ratio of 40:60. The fatios of the two
peaks on the chromatogram changed as the solution pH was varied by addition

of 1 N NaOH at room temperature: 43:57 (pH 3.7), 44:56 (pH 5.0), 48:53 (pH 7.6),

-




and 56:44 (pH 8.2). The first eluted component at tRl = 6.3 min increased
while the second at tRZ = 8.8 min decreased at raised pH's. This indicated
a retrograde aldol condensation type hydrolysis, The first peak was assigned
to the monomer hydrate 3 and the second to the dimer hydrate z. When the
45% solution was diluted to 0.44 M at pH 3.6, refluxed for 1 hr, cooled, and
chromatographed, the ratio of tR1:tR2 became 33:67. This suggests an acid-
catalyzed condensation of E to form the dimer hydrate Z. When these two
components were analyzed by glpc, both emerged at the same retention time
(tR = 2.8 min at 60°C) as that of the monomer 2. Dehydration of Q and Z
must have occurred under the glpc conditions fhereby reverting them to the
monomer form. As shown in Table II, the PMR spectra of Q and z are resolved
from one another. Thus, the PMR spectrum of the 45% commercial solution
also revealed the presence of both hydrates Q and Z with approximately the

same integrals.

Instrumentation

High Pressure Liquid Chromatography (HPLC) - A Waters Associates model

600 pump combination (dual) with a model 440 differential 254 nm ultraviolet
detector were used for the analysis of aqueous chloroacetaldehyde solutions.

A Porasil Bondapak ,Cyg 4 mm x 30 cm column was used with a 80:20 v/v 0.1

N NH4H2PO4-Me0H isocratic eluant (pH 4.9) at 1 ml/min., These two components
were also resolved on a Reeve Angel Partisil 10 ODS 4.6 mm x 25 cm column using

the same eluant.

CMA 003223




Gas Licuid Phase Chrgmatgsranhy vILPC) - Analysis of vinyl chicride

', echiorooxirane 4, and caiereacata
" ", v .
model $500 flame ionization gas chromatagragn., A 1Cs SZ-30 ¢n Anakren 60/70
packed column was used at 20°C for vinyl chloride determination. A 20%
Carbowax on chrorosorb ¥ column at 53°C and 40 ml/min of Helium was used

for analysis of i and 5 unless specified otherwise. Both were 0,125 inch

Ay
X 5 feet stainless steel columns.,

Proton Macnstis Rasgrance (2M3) - Soactra were obtainad using a Varian

A-30 A and a Perkin Elmer R-12 spestremater. Solutions of Dzo and DMSO-dG
were used with 3-(trimethy1511y1)propanésulfonic acid sodium salt as internal
reference. Tetramethylsilane was used as a referernce in CDC13 and 6514. Proba

temparature was 38 T.

RESULTS AND DISCUSSION

Mutagenicity assays with Bacillus and Salmonella for compounds 1-9 are
a7
summarized in Table III. They are grouped into three categories in subsequent
discussion. Further testing data are included in Tables IV-VI and Figures

2 -4,

Nonmutagenicity of vinyl chloride, chloroethanol, and ¢hlorcacetic acid -

Only high concentrations of vinyl chloride (20% v/v in air) have produced
mitagenic action in previous assays with the Salmonella tester strains [9,10].
We have found that tests with both the Salmonella and the Bacillus cultures
were negative within the practical solubility range of vinyl chloride in the’

nutrient broth under ambient conditions. Figure 1 shows the stability of a

CMA 003224




presaturated vinyl chloride brotﬁ solution at 25°C and 1 atm. The initial
concentration of 0.022 M of vinyl chloride l rapidly decayed by 50% in 15 hr.
Thereafter the escape of l from the broth s]owea considerably. In the next

45 hr there was a further decline of only 18%. Thus the bacteria strains (B.
subtilis MC-1 and Salmonella JA 100) were exposed to the stabilized solution

of 0,0106 M (723 ppm) of vinyl chloride in the nutrient broth. The negative
activity observed was not unexpected since vinyl chloride lacks the electrophilic
character common to many mutagens [23]. Although the direct mutagenicity of
vinyl chloride at 200,000 ppm (20% v/v in air) observed previously [10] may

te real, the chronic human exposure problem most likely requires metabolic
activation of vinyl chloride to an electrophilic reactive form [8]. Also

tested were chlaroethanol 5 and chloroacetic acid 2 which probably are metabolic

intermediates as shown in Scheme I, Both S-(2-hydroxyethyl)cysteine and

SCHEME I: Vinyl Chloride Metabolites

cellular - +
CH, = CHC1 ) — HO-CH,~CH, -5
cellular
‘L"‘Cl-CHZ—COZH ET S(CHZ-COZH)2

thiodiglycolic acid in Scheme I have been identified (6] as the urinary
metabolites of vinyl chloride. Neither chloroethanol 2 nor chloroacetic acid
4"

3 exhibited any mutagenic effects at 1 mM concentration in our mutagenicity
N -

assays (cf. Fig. 2 ). Although Bartsch et al,[10] found.considerable mutagenic
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activity with chioroethanol 2 for TA 7330 svrain in the adsance of microscmal
A,

activaiion, cur observations cortizarite wiln thosa of Molann 27 31,777 2 an
shiowed thatlg was weakly mutagenic dfrect?y evan at nigh conceantrations for
the sensitive TA 100 and that it showed only trace activity for TA 1535. The
‘enhanced activity of 3 after microsomal activation observed by these groups
suggests that ch]oroaceta1dehydé derivatives were being formed from chloro-
ethanol, We have found potant mutagenicity and lethality with the various

forms of chloroacetaldehyde as shown in Figures 2 - 4 and Tables IV-V.

A

Mutagenasis_of chlcroacstaligenvde, the monomer hvdrate, dimer nydrate,

and the trimer - When chloroacetaldahyde 5 was distilled into distilled water,
a mixture of the monomer hydrate é and the dimer hydrate Z was formed instantly
as determined by HPLC and PVR spectroscopy. Analysis of the commercial 45%
aque&us chlorocacetaldehyde solution with the same techniques showed a 50:50
mixture of the two hydrates. Upon standing under dry conditions, the monomer
é cyclized to form trimer Q' The trimer was sparingly soluble in water, but
was disproportionated upon heating in water to form the hydrates s and Z.
Purified samples of chloroacetaldehyde 5. the commercial 45% chloro-
acetaldehyde solution containing a 50:50 mixture of the hydrates E and z. the
dimer hydrate 7, and the trimer 8, in DMSO solutions were tested for mutagenic
potential. The data in Table IV summarizes the results of the repair assays
with B. subtilis. Ch]oroacetaldehydé s and the monomer hydrate E specifically
inhibited the growth of B, subtilis MC-1, a mutant lacking recombination
repair of DNA, These unrepaired DNA lesions then led to cell death. However,

compounds 5 and S did not inhibit the wild type B. subtilis or those mutant
: : N -
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strains (Her-9, FB-13) having the capacity for recombination repair, In
contrast, purified samples of the dimer hydrate 7 and trimer 8 inhibited all
of the mutants as well as the wild type, a]thoug; MC~1 again sémonstrated
the most sensitivity. It is unlikely that z and g caused DNA lesions that
are different from those by s and S because the excision repair mutants and
the wild type were inhibited to an equivalent extent. Inhibition of these

strains by z and g may result from a metabolic poisoning or cellular damage

similar to that observed in Escherichia coli after exposure to vinyl chloride

waste [24].

Viability assays on B. subtilis strains during short term exposure to
the chloroacetq]dehyde 5 revealed that recombination repair was essential for
recovery (Figure 2). ;he B. subtilis strains with recombination repair cap-
abilities displayed repair kinetics as evidenced by the shoulders in curves
in Figure 3. The sensitive MC-1 strain lacking recombination repair yet
having excision repair was raﬁid]y killed following the exposure. We surmise
that these DNA lesions caused by the chloroacetaldehydes were repaired solely
by the recombination repair mechanism.

The direct mutagenic_potentia1 of the samp]esfjg was determined by the
mutations expressed in Salmonella strain TA 100. The dose response relation-
ships of these compounds (cf. Table V), and the'dose-respanse curves (cf.
Figure 4 ) were determined with strain TA 100. At high concentrations the
dose response curves for all compounds became nonlinear because the toxicity
of the chemicals reduced the number of potential revertants on the plates.
The reduction of the cell population by high concentrations was confirmed’by

" viable counts and observations of decreased background lawn on the test plates.
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Data from the dose resnowse curves (Figure 4) showed that chloro-

azotzldand2 § and the rarcmae hydrate § were more active than 7 and 8.

i ~ ~ A
The wmonomer 3 was the most mutagenic as predicted because its electrophilic
carbonyl group remains intact, The restoration of the carbonyl character
to the monomer hyiarais E can be pyojected in hydrophobic envirenment of the
cell membrane by loss of water, hence its mutagenicity is also explicable.
The substantial activity of the dimer hydrate z can be attributed to its
ready equilibrium with the moncmer hydrate E in aqueous medium. The relation-
ship of the activity of the cyclic trimer g to the chloroacetaldehyde action
cannot be deduced on the basis of the curves in Figure 4, Nevertheless,
these mutations were the base-substitution type and were expressed in Salmonella
strains TA 100 and TA 1535, The mutagenic response in TA 1535 was very weak
as compared to TA 100. It should be noted that the latter contains an "R"

factor that enhances mutation by an error-prone recombination repair mechanism

following DNA damage [7].

Comparison of mutagenic response of chlorooxirane with its methylene

homolog epichlorohydrin - The prevailing opinion [5] is that chlorooxirane 4
"]

is the primary metabolite of vinyl chloride and is derived from the action of the
microsomal mixed function oxidase. This compound, prepared independently from
chlorination of ethylene oxide, was found to rearrange readily to chloro-

acetaldehyde in aqueous or OMSO solution at ambient temperatures. A kinetic

study of a 0.15 M solution of & in a D,0-0M50-d; (80:20) mixture at pd 7.1
and 4°C by PMR technique showed that the rearrangement followed first order
kinetics, k (sec"‘) 2 2,5 x 10'4. This translatestg a half life of 46.2 min
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(i

b -
at 4°C as compared to 1.6 min at 37°C[9]. Such instability allows only limited

testing in the cold as well as interpretation of the results. On the other
hand, epichlorohydrin 3, which can be considered the epoxidation metabolite of
allyl chloride, is a methylene homolog of i. Both i and 2 are structurally
bis-alkylating agents, hence comparing their mutagenic activities will lend
insight into the mode of action of chlorooxirane 25,26). Table IV tabulates
the mutagenic response of these tvio compounds in the Bacillus repair assay
and Table VI the Salmonella TA 100 reversion. Due to the instability of
chlorooxirane at 37°C, the assays shown in Table VI were preincubated at 3°C
in solution with the Salmonella TA 100 strain before plating to insure that
chlorooxirane could reach the cells intact. Mutant strains of B. subtilis
were not inhibited when exposed to high concentrations of epichiorohydrin 2.
In contrast, chlorooxirane ﬁ selectively inhibited the rec” strain MC-1 in

a manner similar to chloroacetaldehyde hydrate g. Tests wﬂth Salmonelia
showed that strain TA 100 was very susceptible to the mutagenic action of both
epoxides 3 and 3. However 3 was less toxic to the tester strains than ﬁ. The
Tow toxic effects of 3 indicate a different type of DNA lesion compared to that
caused by chlorooxirane 2. It is possible that 2 may react with ONA by a
mechanism which does notlcause potential lethal strand-scissions. On the
other hand, chlorooxirane ﬁ may act on the bacteria via a NIH shift [27,28] to
form chloroacetaldehyde é or 2. Conceivably, chlorooxirane can also behave

as a diradical intermediate rather than a conventional SNl or SNZ type alkyl-

ating agent in its reaction with DNA.

Vinyl chloride carcinogenesis mechanism hypothesis - Among the comoounds

tested in the méfabolic Scheme-II. chloroacetaldehyde 5 and chlorooxirane 4
A . N
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SCHEME II: The metabolic pathways of vinyl chlorida [S].

My .

SwiZil
urine
ie w-Cn=Cdz l C:-C;!z-an-Cd :.“ et ATeono]
- C]-CH2-CHO 5 -
dehydrogenase ~
Cl-CHy=CHO 5mmmmen C1-CHpCOH 3 ——CHEIE | urine
~ 4"
- 11, HZOZ
-C : C1-Cq,-CH,-CCH e C7-CH,-CHD 5
C1-CHy-CHy-0H 2 “atalace 1=, -CHy C1-CH,y-CHD 2
I1I. - oxidase
Cl-CH=CH, 1 C1-CH-CH,0 4 —————C1-CH,-CHO 5
") I i A, 2 '\..
were the most mutagenic with the lowest toxic side effects. Henca, they may .

qualify to be the active carcinogenic derivatives of vinyl chloride. Consider-
ing the aqueous milieu of the metabolic environment, however, the chlorocacetal-
dehyde monomer hydrate S is 3 more realistic choice as an ultimate carcinogen
than the monomer 5 which reacts immediately with water, Viability assays
following exposure of the B. subtilis mutants to E indicated that the compound
induced recombination repair. The strain with the rec” phenotype (MC-1)

was immediately inactivated. A1l the rec’ strains showed survival ability

and repair kinetics of similar nature. It has been shown [27) that mammalian
cells have postrepliication repair of DNA which has many similar features to the
recombination repair in bacteria. In addition, a relationship between this

mammalian postreplication repair process and mutation as well as carcinogenasis -
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has been suggested P4. Cells from pétients with the skin disease xeroderma
pigmentosum lack the ability to excise pyrimidine dimers and must rely on
bostreplication repair to remove these lesions[24]. It is believed that this
error prone process of postreplication repair is responsible for the production
of somatic mutations and cancer ip patients with this disease. Since chloro-
acetaldehyde monomer hydrate g induces recombination repair in bacteria
responding to lesions, it may also be capable of activating the error prone
postreplication repair in exposed mammaiian cells., At the molecular level,

1

chloroacetaldehyde is known to react with N' and NS nitrogensof adenosine and

3 and N4 nitrogensof cytidine in single-stranded DNA [28,29]. It therefore

N
appears that chloroacetaldehyde monomer hydrate 2 should merit our consider-
ation as an ultimate carcinogenic metabolite of vinyl chloride.

The lower mutagenic activjty of chloroxirane i compared to g may reflect
the unstable nature of chlorooxirane as an a-chloroether, khile the carcino-
genic chloromethyl methyl ether is a bifunctiong] alkylating agent [3(], the
mutagenic activity of chlorooxirane cannot be so categorized, especially
when it is compared with epichlorohydrin 2. One mode of action of chloro-
oxirane is a rearrangement to chloroacetaldehyde via the NIH shift [27,28].
Another is a homolytic¢ ring cleavage to yield a stabilized diradical inter-
medjate C]éH-Csz. Both are capable of reacting with DNA, thereby accounting
for the mutagenicity of 3. In mammalian cells, chlorooxirane,being a reactive
cpoxide, could be trapped by a glutathione epoxide transferase [31] at a
faster rate than the detoxification of chloroacetaldehyde via the less active

aldehyde dehydrogenase [32] . Such detoxification of chlorooxirane could




explain tr2 reported decrease in sulfhydryl level in liver cells during .
metasoliss of short chain halo hydrocarbons including viny) chiorice [31].

Perhzps the fower mutagenicity of chlorooxirane ﬁ in these bacterial assays,

compa}éd to the chloroacetaldehydes, {s also attributable to its being detoxified
faster, We therefore consider both chlorcoxirane 3 and the chlorcacetaldehyde

monomer hydrate S to be the ultimate carcinogenic metabelites of vinyl chloride,

Their reactions with ONA causing mutations in Bacillus and Salmonella suggest

a causal relationship with vinyl chloride carcinogenesis in human and laboratory

animals.
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LEZINCS TO FIGURES . .

-

Fig. 1, Stability of vinyl chloride in nutrient dictn at 23°C, 1 atm,

Fig. 2. Survival of Bacillus subtilis MC-1 after incubation with: 1.0 m
chloroethanol % ( +=%); 1.0 nM chloroacetic acid 3 (B—o); 5.76 mi (concentra-
tion based on C1H2CCHO) chloroacetaldehyde (45% aqueous solution) § and 7 ( ©0=b);
0.1 mM 4-nitroguineline-N-oxide (O=<9); and untreated control cells (0=0).
Mid-logarithmic cultures grown in MY-1 broth were incubated with compounds at
37°C. Samples were plated at the times indicated from which viable cell counts
were recorded, The mutagen 4-nitroguinoline-N~oxide served as a positive
mutagenicity control.

Fig. 3. Survival of Bacillus sudtilis straing in the presenca of 5,0 =V
(ccncentration based on C'x:-iZCCETG) cnlorcacetaldanyde (45% aquaous solution) B
and 7. Cultures were grown 0 mid-logarithmic phase in HY-1 broth and than
incubated with the chlorcacetaldehyde solution at 37°C. Samples were plated
at the times indicated from which the percent survival was determined. FB-13
uvr=, re¢t («&——<+);Hcr-9 her=, rect (O=~0); 1684 wild type (0 =0); and MC-1
uvrt, rec” (p=10).

Fig. 4. . Dose response curves with Salmonella typhimurium TA100. Sample solutions

of known concentrations prepared in ONo0 were mixed with tester strain culture

and soft agar. Plates were poured, incubated at 37°C for 48 hrs, and then scor

for revertant colonies to prototrophy. Chloroacetaldehyde monomer 5 (0-0);

chloroacetaldehyde (45% aqueous solution-concentration based on CIHZCCHO) 5 and
(O=9); chioroacetaldenyde dimer hydrate 7 ( >=p}; chloroacetaldehyds frimer
( %==3); and epichlorohydrin 3 (Q--3). '
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A. Salmonella typhimurium LT-2 Tester Strains

TABLE I: Bacteria Teste} Strains

a

3A11 tester strains contain uvrB repair mutations which eliminate the

excision repair system; mutations in the histidine operon; and rfa
mutations which alter the cell wall by increasing permeability and
eliminating pathogenicity.

bThe resistance transfer factor,"R" factor,enhances the error-prone

recombination repair system thus making the strains more susceptible
to mutation [15].

CThe strains susceptible to base-pair substitution contain mutations

in the histidine G46 operon and those susceptible to frameshift
mutation contain mutations in the histidine operon C 3076 (TA 1537)
or 03052 (TA 1538, TA 98).

Strains "R" factorb Mutation detectedc
TA 1535 - base-pair substitution
TA 100 + base-pair substitution
TA 1537 - frameshift

TA 1538 - frameshift

TA 98 + frameshift

B. Bacillus subtilis Tester Strains

aTrp' denotes a requirement for tryptophan; Mit-S denotes sensitivity
to mitomycin C.

bhcr+ denotes a host-cell reactivation DNA repair capacity; her  lacks

a host-cell reactivation DNA repair capacity; rec* denotes a recombin-
ation DNA repair capacity; rec™ lacks a recombination DNA repair capacity;
uvr= is sensitive to ultraviolet-induced DNA damage.

Strains Phenotype? DNA Repairb
168 M Prototroph (wild type) her', reci
Her-9 Trp~ hcr=, rec
FB-13 Tep~ uvry, rec’
MC-1 Trp~,Mit-S her', rec
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TABLE II, PYR Spectra of Vinyl Chlorida Derivatives

Compounds. Solvant Soectra, §ihi=d (J=H‘}__
2.75 (q, CH, J=1.5)
CIHC-CH,0 4 cCl, 2.85 (q, CH, J=2.4)
21 ~ 4.90 (g, CH, J=2.4,1.5)
ccly 4.00 (d, CH, J=2.2)
) Hy, J=2.
ClHC-CHO 8 9.57 (t, CHy, J=2.2)
. DMSO~d 3.50 (d, CH)
' 6 9.60 (t, CHZ)
CIH,C-CH(OH),, 6 CD,00-0,0 1:8 3.60 (d, CH,, J=5)
2 2 3(pD 8.1) 4.60 (t, CHZ =5)
CTH,C-CH-OR DiS0~Dg 3.55 (d, CH,, J=4.9)
| 5.05 (t, CHS J=4.9)
0
| 7 €D,00-0,0 1:8 3.60 (d, CH,, J=4.5) -
C1HpC~CH-OH ! (0 20.1) 4.83 (t, CHS J=4.5)
CHzCl
ccl 3.52 {d, CHy, J=4.7)
0 4 5.08 t’ CH’ J.4.7)
8
ClH C’J“O*’L‘CH C1 ~ DMS0-d 3.75 (d, CH,, J=4.1)
2 2 6 5.45 {t, CHZ Jad.1)
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TABLE III: Summary of Mutagen Activity in Microbial Systems

NI = No inhibition of growth detected in Bacillus subtilis MC-1;

NR = No increase of revertants in Salmonella typhimurium 1A 100
compared to control;+ =active; ++ = very active. Acetaldehyde, a
potential metabolite of ], and allyl chloride, the parent olefin of
9, were negative in these two systems.

Compounds Tested Bacillus subtilis Salmonella typhimurium

Repair Assay Reversion Assay

Control: 4-nitroquinoline-N-oxide =+ ++

1
»
2
[a"]
3
N
4
N
5
N,
6
N
7
N
8
4"
9
']

H,C=CHCT NI
C1H,C~CH,OH L

C1H,C-COOH NI

CIHC-CH, -0
L2
CTH,C-CH(0H),
C1H,C-CHOH-0-CHOH-CH,C1
|
(CTH,C-CHO-)

C1H2C- HaCHZO
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Inhibition was measured in mm after 24 hr at 37°C as descrited in text;
NI denotes no inhibition

Mutagen Molarity 1681 MC-1 Her-9 F8-13
C]HZC-CHO 5 0.100 2.0 27.7 3.7 2.7
N
Chloroacetaldzhyda 6 & [
(45% aguecus soiution) G.113 NI 22.5 nl NS
C1H2C-CH-OH
6 7 0.097 1.5 9.5 1.5 1.5
‘ N
CiHZC*CH-QH ]
cl }ZZC\CJ,CHZCI
‘ g 0.096 7.0 14.5 6.0 7.0
CHZCI
C]HC-CH20 4 0.260 NI 10.0 NI NI
sl ~
ClHZC-CH-CHZO 2 0.113 NI NI NI NI
4-Nitroquinoline-N-oxide 0.001 10.0 18.0 15.0 15.0

(control)
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TABLE V.

30

Relative Mutagenicity of the Four Forms of Chloroacetaldehyde

with §, typhimurium TA 100

45% Aqueous Soln

6 :7

L") N

Monomer 5
N

Dimer Hydrate 7
4"

Trimer 8
"]

Molarity Revertants Molarity Revertants Molarity Revertants Molarity Revertants
5.3x10™° 977 1.3x107° 18 4.8x1074 31 4.8x10~ 144
2.7x107> 723 6.7x107° 68 2.4x107% 259 2.4x107 159
1.4x107° 512 3.3x107° 88 1.2x107 193 1.2x107 101
§.9x107° 194 1.7x107° 361 6.0x107° 107 6.0x1070 39
3.4x1070 120 8.4x1077 404 3.0x10”° 88 3.0x107° 27
1.7x107 61 4.2x10”7 238 1.5x107° 30 1.5x107 18
8.6x107 6 2.1x1077 185 7.5x107° 23 7.4x1078 12
4.3x1077 10 1.axi0” 131 3.8x10°° 1 3.7x1078 -0
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Broth soluticns of 4 or 9 with TAI00 were prexncubated at 3°C
before plating. uUleCiue plates viere evaluated after 48 hrs at
37°C." The average number of revertant colonies per plate minus
the number of spontaneous reversions were recorded.

Preincubation Epichlorchydrin 9 Chlorooxirane &
Time (1.0 ~M) (0.26 ™M)
0 hr 186 31
1 hr 204 4
2 hr - 297 6
4 hr 202 114
6 hr 154 44
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1. INTRODUCTION

Chemlical monomers, such as vinyl chloride, styrene, and acrylylnitrile,
are of great importance in many industrial synthesis reactions, They
are the fundamental components of polymers used extensively in the
economy of the industrial nations. The detection of tumors (e.g., angio-
sarcoma) in workers exposed to vinyl chloride in the industries of several
nations suggested that there was a relationship between this i{ndustrial
monomer and the development of hepatic disorders (13,40). As a result,
both industry and government have become increasingly active in research
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consoralng e poantinl carcinogunicllyy of extaasively usad chemical com-
paunis, CUnisrtenately, the assays for tumor produetion are time consuining
(T9y and Lthe nuber of existing and newly produced chemical formulations
huge. Therefore, it is imperative that rapid assays for mutagenicity and
potential carcinogenicity be performed to rarrow the spectrum of chemicals
which should be tested for tumor production in animal systems.

Epoxides are generally thought to be intermediates in microsomal,
enzyme-mediated oxidation of olefinic compounds (29). As such, chloro-
oxirane and its rearrangement product chloroacetaldehyde (CAA) (20) were
suspected to be the carcinogenic metabolites of vinyl chloride, Several
laboratories have confirmed the mutagenicity of these compounds (4, 20, 39,
42,45,59). Our laboratory also tested the various multimer forms of
chioroacetaldenhyde, as well as chlorooxirane, and found them to be muta-
genic (20). It is reasonable to assume that other industrial monomers may
also form reactive metabolites upon oxidation,

In this chapter we describe several rapid assays, primarily utilizing
DNA repair functions as the sereening methodology, for the dctection of
biolegical activity in known mutagens {ethylmethanesulfonate (EMS) and
methylmethanesulfonate (MMS)] as well as in the oxidation products of the
chemical monomers vinyl chloride and styrene, Repair of mutagen-elicited
lesions in DNA is important for the survival of affected cells. However,
DNA repair has also become increasingly implicated in pathways leading to
additional mutagenesis and possibly carcinogenesis (49, 30, 73).

The discovery that certain UV-sensitive mutants of Escherichia eoli are
not mutated following UV radiation'led to the hypothesis of error-prone and
error-free types of DNA repair (73,75). There are threc distinct pathhvays
for the repair of damaged DNA following radiation or exposure to chemical
agents (photoreactivation, excision repair, postreplication repair).

The process of photoreactivation involves the binding of the pyrimidine
dimer by the photoreactivating enzyme and the "splitting” of the dimer
following the exposure of the enzyme-dimer complex to photoreactivating
light (37, 61, 66), Significantly, this mechanism of DNA repair does not
result in the production of mutations and is therefore error-free (S, 74, 75).

Damaged DNA can also be repaired in the dark via the excision mecha-
nism (10, 69). Excision repair (uvr genes) involves the enzymatic recogni-
tion and removal of the damaged DNA followed by repair replication (56).

In this process, the single-strand gap produced following the removal of

the damaged base or bases is filled in by a DNA polymerase which uses the
undamaged strand as a template. In E. coli, the most efficient and accu-
rate excision repair system requires, among other gene products, a func-
tional DNA polymerase I (12, 24, 3G6). llowever, alternate pathways of ex-
cision repair have been demonstrated in cells lacking DNA polymerase I (44,
82, 84, 85). Excision repair is also virtually error-free, although thereis a
low frequency of mutation which has been ascribed to errors in the alternate
pathways of this type of DNA vepair (8,53, 74). Cne of our rapid tests, the
DNA repair assay, examines the ability of cells lacking this type of repair

t survive chemieal damage (Table 3). ’
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Phol reactivation and excision vepaiv are processes which rest re the
integrity of the damaged chromosome prior to the replication of the DNA,
Following the replication of the DNA, integrity can still he restored by the
process(es) of postreplication repair. Postreplication repair is believed
to involve the filling of gaps left in daughter strand DNA following the repli-
cation ol damaged DNA (.2, 62). The closing of these single-strand gaps is
accomplished by at least two types of mechanisms in E. coli (83). First, a
constitutive type of postreplication repair has been shown to involve recom-
bination (22,23, 63). Second, one or more types of postreplication repair
are inducible and their mechanisms of action are unknown (64, 65). Post-
replication repair has an error-prone element (6, 35, 65, 73, 74), which is an
Inducible, independent minor pathway. Specifically, mutants of E, coli
lacking the products of the recA™ and/or lexA* genes are unable to induce
this error-prone repair system (48, 75). All postreplication repair in E,
coll is dependent on a functional recA* gene product (68) while Inducible
postreplication repair is also dependent on a functional lexA+ (exrA*) gene
product (64), In addition to error-prone, inducible postreplication repair,
recA and/or lexA mutations prevent the induction of prophage (9, 18),
Weigle (72) or UV reactivation, and W mutagenesis (15,48, 54), the induction
of recA* gene product (21, 26, 27, 47, 64), the inhibition of exonuclease V (43),
as well as other physiological changes following the inhibition of DNA repli-
cation (69,74). The pleiotropic effects of these mutations led Radman (58)
to propose the SOS hypothesis. This theory contends that damage to DNA
and/or the inhibition of DNA replication results in the release of a signal
which simultaneously activates various functions which aid the cells and/or
prophage in survival (74), Therefqre, error-prone repair is the result of
an efficient but inaccurate repair mechanism which is induced in an effort t
prevent cell death.

Based on the observations of certain inducible phenomena, the presence
of an SOS system can be assumed in nonenteric bacteria (28, 30,67, 76, 86),
in lower eucaryotes (51, 57), as well as in mammalian cells {n culture (7,
14, 34, 41). It is important to note that the components of SOS systems
appear to differ from species to species. Specifically, an induced DNA
modification system has been found in Bacillus subtilis (76), whereas in
Haemophilus influenzae, \V reactivation has been demonstrated although
error-prone repair is not present (28, 33, 67). Thus, there appears to be
significant divergence in the composition of SOS systems.

In mammalian systems the relationstip between the mechanisms of DNA
repair and mutagenesis is not as readily obtainable as in the prokaryotes,
However, there do appear to be analogous mechaniams of repair in the two
systems, Specifically, chemical damage (G0) as well as photochemical
damage (11) of DNA can be repaired by mammalian cells. ]

Recently, interest has begun to focus on the poasible effect of inducible
S50S-like systems on carcinogenesis (49,74). In the tester systems devel-
oped by Ames and his colleagues (1, 2,46), most of the carcinogenic agents
tested have been shown to require a functional error-prone repair system
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A and therefove activate the lmc_tex ial SOS8 system (25, 31), Morcau et al,

(49, 30) developed a tester system for carcinogenic ageuts which utilizes the
induction of prophage A. Based on their results, they have suggested that

an SOS-like system, {ncluding induction of proteases, exists in eucarvotes,
and that the activation of this system can lead to cancer, If this theory is
correct, 2 model system in which precocious activation of SOS functions
occurs should be a sensitive tester for potential carcinogens. The bacterium
B. subtilis posgsesses many of the desired prerequisites for this type of sen-
sitive tester system.

It has been demonstrated that when B. subtilis differentiates into its com-
petent state, SOS functions are preccciously activated (76,77). In addition,
competent B, subtilis cells have enhanced sensitivity to UV irradiation (33,
71, 80). This enhanced sensitivity is the result of the induction of defactive
prophages in the competent bacteria (Refs, 77 and 77a). Removal of the
defective prophages and/or the inhibition of SOS induction eliminated the
enhanced sensitivity of the competent cells to UV energy,

We have included this review to substantiate our rationale in utilizing
several types of repair assays, each measuring a different step in the re-
pair process, as a part of our battery of rapid assay systems. It is evident
that bacteria have saveral methods for repairing both UV-induced and chem-
ical damage to DNA, Therefore, assays which measure for the induct{on of
error-prone repair (SOS) or for the necessity of repair (our series of re-
pair assays) represent valuable information when considering the biological
activity of potential mutagens and/or carcinogens.

II., MICROBIAL ASSAYS
A, Salmonella Reversion Test

The mutagenic capability of the postulated active derivatives of the chemi-
cal monomers vinyl chloride and styrene, as well as ethylinethanesulfonate
(EMS) and methylmethanesulfonate (MMS), was examined using the Salmo-
nella tvphimurium tester strains described by Ames (1) using methcdolog}
already published by McCann et al, (45) and by our laboratory (20, 39)
(Table 1),

Chloroacetaldehyde (CAA) was prepared, purified, and analyzed by previ-
ously reported techniques (20), Styrene oxide was prepared by treating
styrene in methylene chloride with 1.2 equivalents of M-chloroperbenzoic
acid at room temperature for several days, The solution was washed
successively with aqueous NaSO4H and aqueous NallCOg, then dried and
evaporated. Both EMS and MMS were obtained from the Aldrich Chemical
Company (Milwaukee, WVis.),
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Table 1, Bacterial Straing Uscd in These Studies
Relevant

- Strain repalr genotype Source
S. tvphimurium TA100 uveB (R factor) B. Ames
B._subtilis GSY1025 recAl C. Hadden
B. subtilis MC-1 recB2 C. Hadden
B. subtilis GSY1627 recD27 C. Hadden
B, subtilis VUB214 recD27 C. Hadden
B, subtilis BD224 reckd C. Hadden
B, subtilis HA106 reckF7 C. Hadden
B, subtilis VUB133 recH342 C. Hadden
B. subtilis RUB827 PolAS R. Yasbin
B. subtilis FB13 uvr C. Hadden
B, subtilis HC-9 her C. Hadden
B, subtilis GSY1641 mte-41 C. Hadden
B. subtilis 168W wild type A, Laumbach
B. subtilis RUB8S1§ wild type R. Yasbin

The assays with the S. typhimurium strain TA100, an indicator for base
pair substitution mutations (45), revealed that all four chemicals had con~
siderable mutagenic activity (Table 2). Our laboratory has shown previously
that the chloroacetaldehyde consists of several different forms, all muta-
genic in this assay (20). None of these chemicals caused significant rever-
sion with strain TA98, a frameshift lndlcator.

B. Bacillus Repair Assay

The repalr assay, using varfous repair-deficient strains (Table 1) of B,
subtilis, has been described by our laboratory (20, 39). This is an indirect
mutation assay, modified from the procedures described by Kada et al. (33),
As discussed in the introduction to this chaptqr, .ujhen,a\.‘ mutagenic agent

Table 2. Mutagenicity of Chemical Monomers Assayed by Salmonella
TA100 Reversion

' Concentration in soft agar Average number
Compound laver, mM/plate revertants/plate?
Chloroacetaldehyde 0.10 456
Styrene oxide 0.10 620
Methylmethanesulfonate 0.05 956
Ethylmethanesulfonate 0.10 295

23pontaneous revertants have bheen subtracted,
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Thag, a meagure of the hinlogical reactivite of a chiomical is to test it
against several strains, onc being wild type for repaiv, the others heinz
deficient in one of the repaiv systems, If the wild type strain survives hut
any of the repair mutants do not, the chemical is assumed 1o he reactive
(see also Chapter 4).

In Table 3 we show the reactivity of CAA, MMS, EMS, and styrene oxide
against a series of repair mutants of B. subtilis, First of all, styrene
oxide does not appear to be reactive in any of these assays. This suggests
that over a wide spectrum of concentrations tested, styrene oxide does not
cause damage to DNA, which must he repaired by the available repalr sys=-
tems. Even when these tests were performed with ¢old incubation (see
Chap, 4; Ra2fs. 22 and 62), a procedure which increascd sensitivity to
CAA threefold, there was no discernible reaction with styrene oxide. On
the other hand, all forms of CAA (20), MMS, and EMS were quite reactive
in this system., However, these compounds affected only strains which

Table 3. Effect of Chemical Monomers on Repair-Assay with B, subtilis

Relevant Growth {nhibition, mm?
repair Chloroacetaldehyde, Styrene oxide, DMDMS, EMS,
Strain genotype 0.1 M 0.1 M 0.1 M 0.1M
GSY1025 recAl 13.5 NI 14,5 8.1
MC-1 recB2 11.\3 NI 13.0 6.4
GSY1627  recD27 11.5 NI 11,2 4.8
VUB133  recD27 NI NI Nt NI
BD224 recE4 8.8 NI 16.4 6.1
HAl06 recF7 6.1 NI 11.5 1.2
VUB133  recH342 N1 NI 3.0 1.5
Her-9 her NI NI N1 N1
: FB=13 avr NI NI NI NI
' Gsy1641 mtc-41 NI NI NI N
168\ wt ) N1 NI N1 NI

aGrowth inhibition was measured in millimeters from the edge of the
disc to the first evidence of growth (radius). Values are an average of
seven cxperiments, Inhibition due to toxicity, as measured on wt cells
(168W), has been subtracted from these values. '

Note: NI = no growth inhibition.
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were deficient in the type of postreplication repair known as recombination
repair. Moreover, only specific recombination genotypes recA, recB,
reck, recF, and one strain of recD were affected by CAA, MMS, and EMS,
One strain of rceD, recH, as well as the excision repair-deficient mutants
(her, uvr, polA) were inhibited slightly (EMS and MMS) or not at all (CAA).
All strains were confirmed to posseas the recombination deficiencies by
transformation and transduction assays (19). These results suggest that
CAA, MMS, and EMS may cause similar lesions, all of which require for
repair certain components of the recombination repair pathway. In this
regard, 4-nitroquinoline-l-oxide (4NQO) reacts identically in this system
(Laumbach and Streips, unpublished data).

C. Bacillus Forward Mutation Analysis

-An additional procedure for determining the mutagenic capability of a chem-
fcal compound is to examine its ability to cause forward mutations. This
test serves the same purpose as the reversion assay described in Section
11, A. Both are direct tests for mutation capability. Hawever. the response
is less limited for the forward mutation systems.
Cultures of B. subtilis 168 wild type (Table 1) were subjected to 2 15-min
exposure to CAA, styrene oxide, MMS, and EMS at various concentrations,
The cultures were washed and allowed to incubate for 16 hr to express muo-
tation to streptomycin resistance. The cells (0.1 ml) were plated on tryp-
tose blood agar base (TBAB) plateg for total viable count. Similar plates
were overlaid with soft agar (0. 8% agar) containing 1 mg/ml dihydrostrepto-
mycin sulfate to determine the number of mutants, The resuits from this
,experiment are shown in Table 4. It is evident that CAA, MMS, aod EMS
' Table 4. Induction of Mutants Following Exposure to Chemical Monomers '
' Total Total Mutations Relative
number mutant  per 108 mutation

i Chemical Treatment bacteria® colonies cells frequency®
Chioro- 0 6.0 x103 2.4 0.4
acetaldehyde 5mM  5.5x108  70.8 12.9 32.3 ;
 Styrene oxide 0 7.0x108 31 - 0.4 '
) : 5mM  6.6x108 10.2 1.5 3.8 :
' Methylmethane- 0 6.0 x 108 2.4 0.4 :
sulfonate s5mM 5.4x10%8 85,8 . 15.9 39,8
Ethylmethane- 0 7.0 x108. 3.1 0.4 i
sulfonate 5 mM 5.2 x108 68.3 13.1 32.8

8B, subtilis 168 wild type cells were used in all these experiments,
# mutations per 108 cells no treatment
# mutations per 105 cells with treatment

bRejative mutation frequency =
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D, Bucillus Complest

8. subtilis strain QUBS27 (Table 1) was grown to ¢competence using the pro-

cedure previously described (79), then exposed to DNA which had heen
previously isolated from strain RUBS1S as described by Yasbin (78), After

25 min of incubation, followed by 5 min additional incubatior with 100 uz/m! |
of deoxyribonuclease I, the competent culture was centrifuged (15, 000g for -
1 min) and resuspended in minimal salts for UV irradiatioa (76,77) or in

GM2 (79) for treatment with ciemical agents. Tue cells were exgosad {or

30 min to the chemical agents before they were plited on appropriate media, |
When needed, microsomal activation mixture was added to the competent |
cells and chemical agents according to the procedures of Ames. MeCann,

and Yamasaki (2). The total number of viable cells was determined by colony l
growth on minimal media with glucose, supplemented with all the amino acids
(20 #g/ml) for which the hacteria are auxotrophic (79). The number of
LI:z'a.nsft:vrmant.'s were determined by colony growth on the same minimal

media which was lacking either tryptophan or methionine.

Significantly, only 20% of a B. subtilis culture achieves the competent
state (81), Therefore, in a "competent”" culture of B. subtilis, 80% of the
bacteria are noncompetent. The competent and noncompetent members of

the culture can be separated by their growth on selective media following
transformation, Thus, the number of noncompetent bacteria of strain RUB-
827 can be determined on minimal media supplemented with both tryptophan
and methionine. The competent cells can be calculated from the number of
transformants (the number of colonies formed on minimal medium lacking
either tryptophan or methionine) (52).

The precocious activation of the SOS system in competent B, subtilis
makes thege bacteria more sensitive to SOS-inducing factors than non-
competent bacteria (Refs. 77 and 77a). This enhanced sensitivity is due

to the fact that the resident prophages are {nduced at lower doses in the
competent cells. In Figure 1 the data are presented for an experiment
involving the UV {rradiation of a competent culture of RUBS27, The en-
hanced sensitivity of the competent cells was readily visible, This enhanced
sensitivity can be expressed as the percent of transformation obtained after
each fluence of radiation. If the sensitivity of the competent cells and the
noncompetent cells to UV were identical, then the percentage of cells trans-
‘formed should remain constant, independent of UV irradiation. However, if
the competent cells are more UV-sensitive, then as the fluence increases,
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Figure 1. Survival of the total pop:llation of strain RUBS827 (o) and of the
competent portion of the culture (o) following UV irradiation.
the competent cells (as represented by the transformants) should be killed
at a greater rate than the noncompetent cells, In Figure 2 the relative
transformation efficiency is shown at the various UV fluences, As the
fluence increased, the relative transformation efficiency decreased. The
same types of results were obtained when the carcinogenic compound MMS
was added to the competent cells (Figure 2), However, the mutagenic, but
not carcinogenic, compound, EMS, did not produce a decreasing transfor-
mation efficiency with increasing dose (Figure 2), Thus, this assay appears
to be highly specific for only those componeants which activate the SOS sys-
tem. ¢ Chloroacetaldehyde, styrene oxide, and several other potential car-
cinogenic chemicals are being examined in this system at the present time,
Bacterial strain RUB827 was chosen for this assay because previous
results (77) had shown that the polA5 mutation enhanced the sensitivity of
this bacterial strain to SOS-inducing substances, Compounds are considered
potentially carcinogenic when the relative transformation efficiency (the

-
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Figure 2. Relative transformation efficiency (RT) of strain RUB827 follow-
ing exposure to various concentrations of MMS (0) and EMS (®) as well as
following exposure to various fluences of UV irradiation (0). The RT is
calculated by dividing the percent transformation at a given {lucnce or con-
centration by the percent transformation at 0 fluence or concentration.

percent transformation of the treated sample divided by the percent trans-
formation of the untreated sample) is 0. 05 or less,

This novel B, subtilis tester system measures the to:dcity of agents as
well as the ability of these same agents to induce the SOS system, Also,
the Cbmptest identifies the concentrations at which the compounds have
toxic and SOS-inducing capabilities. The main advantage of this assay is
that it apparently distinguishes between substances which are mutagenic and
those which activate SOS functions (potential carcinogenic compounds), This
property of the Comptest can be noted readily when the relative activities of
EMS and MMS are compared.
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11T, DISCUSSION

In this chapter we have described a battery of microbial (particularly B.
subtilis) rapid tests for the assay of mutagenicity. The known mutagens
EMS and MMS were used as standards in all these tests, In addition, we
have also initiated a progressive study of industrial chemicals and their
oxidation products using the described test systems. The initial results
for chloroacetaldehyde and styrene oxide, the oxidative products of viayl
chloride and styrene, respectively, have been presented.

In all of the asBays, except the Comptest, both EMS and-MMS were
highly reactive. It i{s interesting to note that EMS was not active in the
Comptest, although MMS showed a high level of activity. This finding
becomes highly significant when the carcinogenic properties of EMS and
MMS are examined. EMS is not carcinogenic, whereas MMS is a potent
carcinogen (17,52). Thus, on the basis of these preliminary results, it
seems promising that the Comptest may distinguish between carcinogens
and noncarcinogenic mutagens, We are presently expanding this test to
examine a whole battery of chemicals, including chloroacetaldehyde and
styrene oxide, to verify this prediction. Since the Comptest specifically
examines events associated with SOS induction, it may discriminate for
chemicals which induce the error-prone repair systems. Such chemicals
could include all the carcinogens. In this connection, our laboratories
have also initiated the interferon induction inhibition (III) test (Ref, 3a).
Interferon is an antiviral agent produced by mammalian cells and whole
animals in response to viral infections. Preliminary studies in other
laboratories have suggested that Newcastle disease virus (NDV) induced
interferon production could be {nhibited by pretreatment of cell cultures
with known carcinogens such as benzo{o]pyrene (16). We have confirmed
and extended these ohservations to include EMS, MMS, styrene oxide,
and other known carcinogens. Our study (double-blind) has demonstrated
that styrene oxide and MMS are active in this assay, but EMS shows na
activity. This mammalian (including human cell) rapid assay may mea-
sure for SOS-like events in eucaryotic cells. Among these events could
be the induction of protease, which we postulate could inhibit interferon
induction in virus and polynucleotide-stimulated cells. Furthermore,
several known carcinogens are active in this system, whereas noncarcino-
genic analogs are inactive (Refs. 3, 3a, and 16).

An overall comparison of the various microbial tests performed in ur
laboratories is presented in Table 5. It is evident that a composite evalua-
tion of many assays must be made when considering the biological activity
of a chemical. This is shown by the variability in reactions. of styrene
oxide. It is interesting to note that this chemical is essentially nonreactive -
in the Baelllus tests performed so far, yet {t {8 mutagenic in the Salmonella
test and very active in the III assay. If this chemical is also inactive in the
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Table 5, Comsesite Mutawenisity Spostowm of Chemical Monomersd

‘ Farward
Choeuiicals Salmoneila  Compreet Deprir assay  mutatisn
Chloroacetaldehyde + ND -
Styrene oxide + ND - * |
Methylmethanesulfonate + + + +
Ethylmethanesulfonate + - + +

2Results are expressed as (+) positive in the assay performed, (-) nega-
tive in the assay performed, and (ND) not determined. Styrene oxide was
weakly reactive (Table 4) and must be considered to have borderline activity
in the.forward reutation assay (Z).

Comptest assays, then it must be considered that styrene oxide may not
enter Bacillug cells, Alternmatively, styrene oxide may not clicit the types
of repair we are examining in the B, subtilis system. An additional point ,

 must be made in regard to the repair assay. Two mutants with recD27 X
genotype gave dissimilar results when tested with reactive chemicals. Sine
they both were found to be Rec™, we must assume that one or the other of '
these mutants does not have the recD27 genotype.

Chloroacetaldehyde has been highly reactive in all assays done to date
and must be considered as the probable metabolite of vinyl chloride, re-
sponsible for the biological effects-elicited by this industrial chemical.
This conclusion has also been made by other laboratories testing vinyl
chloride metabolites (4, 20). :

In conclusion, we have described one rapid assay (Comptest) which may
have the capability of detecting carcinogens. In addition, we are refining a
rapid mammalian test (III), which also may identify carcinogenic chemicals
These two assays, along with the other tests described in this chapter, pro-
vide 2 battery of rapid procedures for screening a large number of chemi-
cals for biological activity. As such, they are potentially valuable in our
overall research programs dealing with environmental pollutants and indus-
trial monomers,
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A stable L-form (Sal-1) of Bacilius aubtilis was found to have retained a
markedly modified chromosome-membrane association when compared to intact
cells. The membrane-deoxyribonucleic acid complex of the L-form was similar to
that of its parental strain in quantity and stability. Genetic analysis of the L-form
membrane-deoxyribanucleic acid complex revealed enrichment for markers close
to the replication origin, but not for internal murkers, indicating preferential
attachment of the origin of chromosomal replication to the membrane. These
results are in close agreement with those found for the parental bacterial form. In
contrast, the replication terminus region was not preferentially attached to the
membrane of the L-form, even though it is enriched in the bacterial form. The
association of the chromosome with the membrane at the replication terminus
does not appesr to be necessary for cell growth and separation, but because the
L-form divides aberrantly, it may be one of the factors required for normal
deoxyribonucleic acid segregation and septation.

Interaction between the chromosome and the
cell surface has been well documented in pro-
caryotes. A stable attachment of the chromo-
some to the cytoplasmic membrane has been
demonstrated in gram-negative as weil as gram-
positive bacteria (15, 22). The DNA in the mem-
brane-DINA complex was found to be specifically
enriched for the replication point and for genetic
markers cluse to the origin and terminus of
chromosomal replication (10, 12, 19, 24, 27, 28,

34, 15). This attachment was proposed to aid in
the semgmon of the newly re ted chro-

mosomes and in cell division (14). Further work
with Escherichia coli (9), and in our laboratories
with Bacillus subtilis (3, 26), has demonstrated
x stable attachment of the chromosome o the
(rigid) cell wall as well as to the cytoplasmic
membrane. The DNA attached to the cell wall
in B. subtilis was found to be enriched for ge-
netic loci near the origin and terminus of chro-
mosomal replication (26). The chromosome-
membrane-cell wall complex has been proposed
to be heid together by specific binding proteins
{5, 9, 11, 29, 30). This complex may create an
apparatua functional in cell division processes.

Research with procaryotes lacking cell wall
has demonstrated that the genome of Myco-
plasxmu gallisepticum is alw associated with the
membranc. showing specific enrichment for the
replication point and possibly the origin of chro-
mosomal replication (20, 21). Electron micro-

graphs have revealed the presence of chromo-
some-membrane association in protoplasts and
unstable L-forms of B. subtilis (23). However, to
date, genetic characterization of the chromo-
some-membrane complex in procaryotes with.
out cell walls has been lacking.

In this report, we describe studies on the '

DNA-membrane association in a stabie L-form
of B. xubtilis, Sal-1 (36). Thx organisn requires
1.2 M NaC] for stabilization, does not have cell
wall polymers, and does not revert to the bac-
terial form (6). Moreover, this L-form appears to
have lost cell division control and undergoes
aberrant cell division (R. W. Gilpin, personal
communication), as do other stable L-forms (7,
33). Therefore, the L-form becames a good
model to test our hypothesis that loas of control
in cell division may be due to the loss of one or
more of the components in the cell division
complex, such as the cefl wall and proteins as-
sociated with the peptidogiycan. The present
study offers the first evidence that a stable L.
form retains attachment of the chromosome to
the membrane. Furthermore, thin attachment is
apecific only for the origin of chromonomal rep-
lication. The region for termination of genome
replication appeurs to have no apecilic affinity
for the surface of this L-form.

{This work it a part of the disxertation to he
subnutted by S. Horowitz to the Graduate Fac-
ulty of the University of Louiaville in partial
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fulfillment of the requirements for the Ph.D.
degresn.)

MATERIALS AND METHODS

Bacterial strains. The L. subttits strams used in
thin study are imed in Table 1. We thank H. Yoahu-
kawn for strain TL8L):. N. Suveoka for strain
Musuiuib, J. Copeland for strain BC122, N. Harford
for satruins BD170, BD202, VUB4S, and VUDMIL S.
Phillips for strain QB922, and J. Kane for strain B2,
All strains were maintained on wryptose bloud agar
base (TBAB) (Difco Laboratories, Detrmt, Mich.).
The stable L-form, Sal-1, kindly provided by R. W.
tilpin, is a derivative of B. subtilix BR15! (36) and
retzins the metB10 marker (1). The L-form was main-
taincd by passage in stabilizing liquid medium (below).
The parental strain, B. xubtilis BR151 lya-3 trp("2
metf310, was tranaformed to prototrophy for [ys. and
trnC2 with B. subtilis wild-type 168 DNA to maintsin
the same suxotrophic background as the L-form, and
was designated ax atrain BULAOS,

Media and growth conditiona. The L-form, Sal.
1, was grown in 15 ml of Sal-1 medium, a madified
glucone minimal medium described by Spizizen (25)
with 0.016% (wt/vol) MgCl:-6H O (inmead of 0.077
Mg50,.7TH,0-1.2 M NaCh) for stabilication, 0.05 ca-
sein hydrolysate, and 50 pg of L-mwthionine per ml.
The culture was shakan in a rotary wcter bath (New
Brupswick Scientific Co.. New Brunawick, N.J.) at
37°C and 150 rpm. B. subtilix BULAO4 was propagated
in Sal-1 medium without NaCl, under the same growth
conditions. Both cultures were grown for two or more
generations in the exponential phase in the presence
of ine (200 ug/ml; Sigma Chemical Co.,
8t. Louis, Mo.) and [2-Cjthymidine (0.1 uCi/mi, 53
mCi/mmol; Schwarz/Mann, Orangeburg, N.Y.). Cell
growth was monitored on a Klett-Summerson color-
imeter with filter no. 54.

Lysis. The L-forms were harvested by centrifuga-
tion at 5,000 rpm for 5 min and then washed twice in

J. Bacremion.

cold NCP buffer (0.0 M sodium citrate, 0.8 M
K.HPO,.3H.O, and 0.04 M KH.IPO,. adjusted tn pH
7 4 [ 12p. which contamned 1.2 M NaCl The cetis were
then suspended i a «mall volume of NCP plus 1.2 M
NaCl butter and ivsed by osmoti shock due U the
addition of NCY butter without NaCl. The resultng
Ivzute war 2 four-:tu eightfold concentration .0 the
original culture, and contained a final concentration of
0.1 M NaCl The B. subtilis BULAOA celin were har-
vested and washed 2s Sal-1. but in NCP buffer without
NaCl, then concentrated four- to eightfold in NCP,
and lvsed by the addition of lvsozvme (0.5 me/ml
Worthington Biochemical Corp., Freehold, N.J.) fur §
mun at 37°C. The lysate was then adjusied to 0.1 M
NaCl. Both lysates were either left untreated, or weie
sheared for 30 s on & Vortex mixer (Fiaber Scientific
Co., Springfield, Mass. ) set at position no. 6.
Renografin gradienta. Linesar (0 to 3#%) Reno-
grafin density grudients {Renografin-76, from Squibb
and Sons, lac., Pnnceton, NJ., in NCP plus 0.1 M
NaCl buffer) were by the owthod of Ivarie
and Péne (12). Samples (1.0 to L5 mi euch) of the L.
form or the parental stvain lysates were ixyured onto
30-mi cold Renografin gradients, and the gradisnts
were contrifoged in a2 Beekman L265B ubracentniuge
at 25,000 rpm, 2°C for 6.5 h, using an SWI.1 rotor.
After centrifugation, 1.2-ml fractions were eollccted
into starile tubes. Sampies of thess fractions (0.25 to
0.50 mi each) were countad in Mulitisol acimtillation
fluid (Isolab Inc., Akron, Ohio) in & liquid acintillation
counter. The remaining volwme of sach of the peak
fractions was maintsined at 4*C for traneformation

experirnents.

Transformation experiments. The procedurss
and transforma-
tion were those of Boylan et al (2). Auxotrophic
strains of B. subtilis (Table 1) were grown in GM] (2)
at 37*°C in & New Brunewick gyratory incuuator shaker
at 250 rpm. Celi growth was momtoced on a Kleti.
Summernon colorimater (fiiter no. 54) until the cema-
tion of logarithmic growth, After 90 min of further

TanLE 1. List of strains used

Designation GCanovype Derivation ar souroe
Sal-1 (stable L-form) metB10 R. W, Gilpin
BR? leuAS trpC2 B. E. Reilly
BR151 trpC2 lys-3 metBI0 B. E. Reilly
RUB783 lexA8 metB10 hisAl purBé  This laboratory
BULIM leuA8 purAlS hisAl ‘This laboratory
BUL320 leuA8 metB10 thr-5 hisAl BUL714 x BDIT0 thr-§ trpC2*
BUL#01t feuAS gliAa292 QBIZ2-#lA 202 trpC2 % TLB132-leudl thyA thyR
L8132
BULA4 metBI0 BRISI x Wies*
BUL40S matBI10 BRI151 x Sal-1*
BULs02 leuAg thyA thyB 1m'r-u?c2 thyA thyB x Muubul8-purd 18 leuAB
BUL708 leuAS metB10 lys.3 BR15) x RUB7a3"
BUL® lewAS matBI10 hisAl pyrAl  RUB783 x VUR4S-hird ! argCé pyrAl*
BUL7I4 leuA8 metB10 cysA 14 hisAl  RUBT83 x BD&2-cyzA 14"
BULM? leuAB purA 16 mecC3 BUL20: x VUDR41-rpC2 metCY*
BULT® leuAR metB10 trpC2 purB6 RUBTE3 x BDAN2pC2*
BULT28 leuAS citl5 RC127-0rnC2 cis K8 X MubuBu18”
BULT™S leuA8 irpC2 lys-3 RRIS) x T18152°

* Ohtained by congression (17); genernl notation: recipirnt coll = donor DNA.
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incubation, the cells were Aduted tenfnid nra GMU
() and incubated an additional 50 min. at whirh ume
the cultures were manmally competent. Peak trac
twens from the Henogratin gradienta seeved s donor
DNA. These fractions were diluted 1n Spizizen’s mun-
imal salts solution to avoxi saturation and to reduce
the concantration of the Renografin (8). The compe-
tent cells were incubatad with the DNA for 30 min at
37°C in the incubator shaker. Samples (0.1 m| each)
were plated in triplicate on selective media and :acu-
bated at J7°C. Tranaformants were enumerated aiter
48 h of incubation. Each genetic marker was analyzed
for snrichment from J to 16 times to attamn statistical
validity. In general, selection for transformants was
done on glucose-minimal agar (25) supplemented with
the appropriate amino scids and bases. Selection for
the ¢itKS transformants was on mimmal agar plates
which contained 0.1% sodium lactate (J. T. Baker
Chemical Co.. Phillipsburg. N.J) instead of glucose
Seiection for thyA transformants was by incubation ag
46°C on plates without thymine {18). The the8 trans-
formants wete sensitive to growth at 46°C without
thymine and were evaluated by subtracting the num-
ber of ransformanta (¢Ay*) at 46°C from thuse at 37°C
(18). Selection for gitA292 transformants was on glu-
cose-minimal agar in the absence of 400 ug of glutamie
acid per mi (4).

RESULTS

Distribution of labeled DNA on Reno-
grafin gradienits. To determine the presence

L-FORM MEMBRANE-DNA COMPLEX

217

of a membrane-DNA fm-IINA) complex in the
L-form, a culture of Sal-1 was grown in Sal-1
medium, and its DNA was antfremly lhaeled
with {2-"'Cthynudine. The deubling tune of the
L-forms, as determined by Klett absorbance
units, was approxirately 2 h under these growth
conditions. The L-forms were washed and then
lysed Dy osmotic shock. For companson, the
parental strain BULAO4 was alse grown and
labeled under similar conditions, having a dou-
bling time of 40 min. The parental strain was
also washed and then lysed by exposure to ly-
sozyme (0.5 mg/ml) in hypotonic solution. A
sampie (1 ml) of each lysate was immediately
layered onto a 0 to 38% linear Renografin density
gradient. The remainder of each lysate was
sheared by blending in a Vortex mixer for 30 s,
and then 1.0- to 1.5-ml samples were applied
onto Renografin gradients. The gradients were
centrifuged and collected, and samples were as-
sayed for radioactivity (Fig. 1). In the absence of
shearing, the L.form DNA formed a distinct
peak at the lower part of the gradient (Fig. 1A).
The peak corresponds to the membrane-at-
tached DNA (m-DNA) peak that was found in-
the unshesred lysate of the parental strain
BULA404 (Fig. 12). When sheared, part of the L-
form DNA formed a slower-sedimenting peak
(Fig. 1B) which corresponds to the free DNA (f-
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F1g. 1. Distridution of the labeled DNA from the L-form. Sal-1, on Renografin gradients. The L-forms
were grown, labeied, washed, and lysed as deseribed. UMM)NMM(B)Iymwm:d
MO»ﬁRMMeﬂFruﬁmamwﬂMdudm&dhrrmmdudmmwy.lnuy
samplex, 30 to 100% of the input rediogctivity way recovered. For comparuon. the parental stroin, B. subtrlis
BUL404, was grown, labeled, and washed undsr sumuilar condutions. lysed by exposure lo lysuzyme (0.5 my/

ml) tn Aypotanic solution, and the unsheared (a) or sheared (b} lysates

uwere sedimented on Renografin

gradients as above. Sheared Iventes demonstrate membrane-attached {m-DNA) and free (f. DNA) mucieic acid.
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DNA) peak of the parental stran (Fig. 1b).
However, a significant proportion of the labeled
DNA of the L-form was retained in the m-DNA
peak as firmly attached DNA (Fig. 1B} as in the
narental bacteria? strgin (Fig Thy The potern
of DNA distribution for the L-form, as weli as
the parental hacterial form, in unsheared and
sheared lysates is in close agreement with that
described by Ivaris and Péne for B. subtilis
168T", using Renografin gradients (12). To com-
pare the distribution of the L-form labeled DNA
in the Renografin gradients to that of its parental
strain, the results of severul experiments were
pooled, and the average percentage of DNA in
each peak (£ the standard error of the mean)
was calculated. Approximately 50% of the la-
beled DNA in the unsheared L-form lysate is
attached to the membrane (m-DNA) (Table 2),
Upon shearing for 30 s, approximately 20% of
the DNA remained firmly attached to the mem-
brane (m-DNA), whereas about 55% of the DNA
appears as free DNA (f-DNA). These results are
statistically not different from those found in the
unsheared and sheared lysates of the parental
strain BULAO4 as determined by an independent
¢ test (Table 2). This observation suggests that
the L.-form has retained an m-DNA complex
physically aimilar to that of the bacterial form.

To compare the stability of the m-DINA com-
plex of the L-form to that of its parental strain,
both lysates were subjected to different shearing
times, and the resulting DNA distribution on
Renografin gradients was observed. There was
no significant decrease in the percentage of m.
DNA for both the L-form and the parental strain
when sheared for times ranging from 15 s up to
60 5 (S. Horowitz, Ph.D. thesis, University of
Louiaville, Louisville, Ky., 1979). We, therefore,
routinely used a shearing time of 30 s for the
experimants described below.

Genetic analysis of membrane-attached
DNA isolated from the L-form and its pa-
rental strain. The DNA bound to the mem-
brane was used in transformation assays to de-
termine the genetic composition of the m-DNA

Tamk 2. Effect of shearing on m-DNA complexes
from tha L-form, Sal-1, and itz parental strain, B.

subtilis BUL4S"
i Treatment of
Streim lymate m-DNA (%) (-DNA ()
Sak-2 Noshewring S1333x27W (25821277
Sheared” NMx101 H00=l0S
BUL4M Noshearing 5200129 1241 208
Shwared* 3408 258 54312208

*The provedure for the ssparation of m-DNA and {-DNA
and the assayy for radionctivity are se described in the legend
w Fig. 1.

* The lysstes were sheared for 30 8 on ¢ Vortaz mizer set &t

ition &

J. Bactemtor.

complex from the L-form and compare it to the
profile found in membrane-associated DNA
from the parental strain BUL4ud4. Different
chromosomal markers, chosen to provide an
analysis of the entire chromosome, were exam-
ined, and the membrane enrichment indexcs
(MEI) were calculated by the method of Suevha
and Quinn (27). The marker letA8 was used as
a standard in these calculations. The average
MEI values for each marker tested (t the stan.
dard error of the mean) are presented in Table
3. For statistical analysis, a two-factor analysis
of variance with repeated measures on une factor
was run. The between factor was the 13 genea
we had examined. The within factor was the
parental (BULA04) versus L-form (Sal-1) con-
dition. The Duncan range test was used for post
hoe comparisons to find markers amaong which
4 significant difference occwred (31). Tha ge-
netic and statistical analyses revealed that the
DNA attached to the membrane in the L-form
was enriched for the markers purAlé and
cyaAl4, which are closs to the origin of chro-
mosomal replication (16, 37), but not for the
internal genes Aisdl, purBS, thr-5, leudS (stan-
dard), metC3, pyrAl, lys-3, and thyA (Tablas 3).
These results showed preferential attachment of
the origin of chromosomal replication to the
membrane in the L-form. In this regard, the L-
form m-DNA complex was not statistically dif-

TanLE 3. Genetic analysis of m-DNA isolated from
the L-form. Sal 1, und its parental strain, B. subtilis

BU 404
Genetac mutker . .
™ Sal-1 MET" BU Le0¢ MET*
purAl6 174 £ 0.11 155 £0.:9
cysAl4 178 £ 047 1.57 = 0.23
hizA 1 098 + 0.13 0.90 £ 0.12
purB& 1.10 £ 0.12 1.08 £ 0.14
thr-§ LITx£0.11 1.11£0.13
leuAs 1.00 1.00
met('3 0.81 £ 0.10. 092011
pyrAl 1.05 = 010 108 £0.14
lys-3 L17 %019 1.10 £ 021
thyA 107 = 0.02 L4002 0.17
trpC2 0.98 £ 006 L7011
2UA292 1.16 = 0.00 1.80 £ 0.18
thyR : 0.82 = 0.09 1.90 + 0.48
citks 0.96 £ 0.07 20024
“* Recipiont strains used in these iments were

BUL201, 320, 401, 502, 706, 708, 714, 717, 720, 726, 728,
RUB783. and BR7.

* Calculated by the method of Susoks and Quinn
(27). MEL = ((x/lruA®) in m-DNA((x/leuAB) in (-
DNAY, where x in the number of transformunts for any
marker tested, and leuAd is the number of transform-
ants for the standard marker leuAs.

* P < 0.01 when compared to BULA, by analysis
of variance. .
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sirain BULA04 (Table 3). I’x 2ontrast. tne -enlx
eard r\n FEITRIIUE o AT af ey L Fowma wns s
found to Le preferenuaiiy attached o the merm-
brane. The tarmunus markers &pC2, gitA292,
thyB, and citK3 were enriched in the m-DNA
complex of the bacterial form, BULA04, but were
not enriched in the L-form (Table 3). The MEI
of the genstic markers tested in the m-DNA
complex of the L-form and its parentai strain
are pmcnud in relation to their relative posi.
tions in the bidirectional replication map of B.
subtilis in Fig. 2. As a control, incubation of the
parental lysate in the presence of 1.2 M NaC!
did not bring about loss of the specific membrans
attachment of genetic markers close to either
the replication origin or the terminus.

Genetic analysis of m-DNA isolated from
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Fia. ic markers sxamined
from m-DNA of the L-form, Sal.1, and its purental
srain, B subtilis BUL40M, correiated to the map
position of these mariers in B. subtilis 168 The map
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peared to have loat the specide amme hment o]
e terminue T e mMembrine. o was dibosiant
te exanmune whether a chromosonad trayg nent
from the terminus region of the L-formy would
be able to regain the specific artachment when
placed in the parental, bacterial form. Therefore.
we constructed a hybrid, BUL40S, which 15 2
derivative of the parental =train BR151 The
hvbrid contains the internal marker /vs-? and
the terminus marker #rpC? from the L-form
{Table 1). Strain BUL405 was grown, labeled,
washed, lysed, and sheared as described ahove
for the parental strain BUL404. Both m-1INA
and f-DNA were isolated on Renografin gra-
dients, and genetic analysis was performed. The
internal marker, /yx.3, of the hybnd. BUT.105,
was not enriched n the membrane and had an
ME] value not statistically different from that
of the parental strain, BUL40%, and the L-form,
Sal:1 (Table 4). The terminus marker, ¢tpC2,
was enriched in the membrane of the hybrid,
BUTA405, as it was in the parental strain. This
enrichment, indicated by the MEI values, was
significantly different from that found for the L-
form ¢rpC2 gene which was not enriched in the
membrane.

DISCUSSION

This study demonstrates that Sal-1, a stable
L-form of Bacillus subtilis BR151, has retained
an attachment of the chromosome to the mem-
brane. In Renografin gradivnty, this attachment
was similar in sedimentation, quantity, ana sta-
bility to that of the parental bacterial form in
both sheared and unshesred lvaates. Further-
more, these resujts were in close agreement with
th¢ attachment found in another strain of B.
subtilin (12). Our findings represent the first
description of an m-DNA complex in 2 stabie [.-
form. and it appears that the permanent loss of
cell wall polymers did not prevent chromosome-
membrane association. Such apattachment may
be a universal feature of all procaryotes. Seversl
laboratories have described both specific and

TABLE 4. Genetic analysiz of m-DNA iselated from
B. subtilin BUL40S

mhrmdwknumedm_‘ ted from
the bidirectional replication map of B, subtilis 168 of
-qulumudal(lﬂudl’wmd wil.
son (37). The MEI values (% standard error of the
mnn) nkmfrw- Table 1 (A) m-DNA from the
L-form, Sal-1; (B) m-DNA from the parental strain,
BUL4M. The dotted line represents the areax of
expected membrane enrichment of genetic markers,
based on our resuils and thooe wn the literature (10,
35).

CMA 003267

Genwue

marker BULS MEI BUL4OS MEI®  Seki MEDP
exasnined”

lys-3 .11 008 Ll0oto021 L17 £ 0.19

trpC2 .44 = 0.15 1570117 098 =000

* Recipient straing used in thess expenimants were
BUL70S, BULT2A, and BR7.

“The MEI values werw taken from Table 1 for
comparmon,

" P < 0.01 when compared to the MEI of the trp(2
marker in Sal-1, uming an indepercient ¢ test.
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nonspecific attachment of the chromosome to
the membrane (10, 12, 13, 24, 27, 28, 34, 35). To
determine whether the m-DNA complex from
the L-form contained specific regions of the
chromosome, we used samples of peak fractions
from the Renografin gradients in transfonmation
assays and calculated membrane enrichment in-
dexes (MEI) (Table 3). Such genetic analysis
revealed that the origin of chromosomal repli-
cation was preferentially attached to the mem-
brane in the L-form, as in the parental bacterial
form. In contrast, the specificity for the attach-
ment of the terminus region had been loat in the
L-form. This finding indicates that the two sites
of attachment may be chemically and physically
independent and may involve different binding
proteins, as has been suggested previously (29,
34). The persistent binding of the origin region
also suggests that this specific attachment to the
membrane is of critical importance. The propor-
tion of m-DNA (32%) found in the L-form, de-
spite the loss of terminus attachment, could be
explained by more extensive association of the
ongin, when compared to the parental form.
Alternatively, radioactive counts due to nonspe-
cific attachments (13} may mask the losa of
radioactivity from terminus detachment.
~ Since the L-form, Sal-1, is known to divide
aberrantly (. W. Gilpin, personal communica-
tion), the loss of specific attachment of the ter-
minus region to the membrane may be a con-
tributing factor to the loas of division control in
this organism. The integrity of the DNA-mem-
brans-protein-cell wall complex was proposed to
be crucial in maintaining normal cell division
(26). Moreover, dynamic terminus attachment
to the membrane in correlation with the cail
cycle has been proposed to play an important
role in cell division control in B. subtilis (32). All
these factors lead to the speculation that loss of
terminus attachment may be critical in the loss
of normal DNA sagregation and cell division

processes.
Severa] pomsible factors could have been re-
sponsible for the lons of specific terminus attach-
ment to the membrane in the L-form. The most
probable are: a change in the affinity of the
DNA in the replication terminus region of the
chromosome for the membrane or for specific
binding proteins; the permanent loss of celt-wall
with a disappearance of an outer surface

site for terminus attachment (26): a loes or al-
terntion of binding proteins which may aid in
the specific attachment of the terminus to the
membrane or cell wall (5, 9, 11, 29, 30); and,
finally, the presence of a high cuncentration of
salt (1.2 M NaCl) over many generations in the
growth medium of the L-form, which might af-

J. BACTERIOL.

fect the terminus-membrane attachment, but
not the origin-membrane association.

Results from genetic analysis of the hybrid
BULAQ5 (Table 4) appeared to negate the first
possibility and indicated that no change in the
affinity of the L-form terminus region DNA had
occurred, because the #pC2 locus from the L.
form was membrane-enriched when integrated
into the parental strain. Nevertheless, this ar-
gument cannot be fully ruled out, since it is
possible that only a very small fragment of the
L-form t&rpC2 region entered the BR151 strain—
enough to make it tryptophan-independent, but
not enough to make a significant change in the
affinity of the terminus for the surface. It is also
poasible that the specificity of terminus attach-
ment is determined by discrete sequences within
the terminus region of the chromosome rather
than by the whole region itself (35). The trpC2
fragment, which originated from the L-form,
although found in membrane preparations, may
not be one of such specific binding sequences.

Partial loss of the specificity of DNA-mem-
brane attachment in tha L-form could also be
due to the inactivation of binding proteins from
the membrane and/or the cell wail in the chro-
mosome-surface complex. Such proteins could
have been lost or aitered 2s a consequence of the
removal of the cell wall, or during continued
growth in the presence of high salt. Alterna-
tively, it is possible that a mutation occurred in
one or more of these proteing, because the L.

“forrrhas undergone silent and apparent muta-

tions since it was isolated (1). Furthermore, the
profile of the membrane-protsin composition (6)
and the membrane-lipid composition in the L.
form (S. Horowitz, Ph.D. thesis) was aignifi-
cantly different from that of the parental bac.
terial form whaen both were cultured under the
same growth conditions,

In addition to the foregoing studies on the
DNA-membrane complex from the L-form, we
also have generated information which better
defines the extent of the specific membrane at-
tachment of the chromcsome in B, subtilis. The
specific attachment of the origin, as examined in
transformation experiments by use of the
markers purA16 and cysAld, statistically con-
firmed that the cysAl4 gene was part of the
origin-membrane complex (28), as is the pwrAl§
marker. In the terminus region, the thyA locus
had an MEI value of 1.40 which appeared to
indicate that it was membrane enriched. as
noted by Yamaguchi and Yoshikawa (35). How-
ever, it did not pass statistical anaiysis, and
therefore must be considered as an internal
marker. Thus, it appears that the thyd locus
may be the most proximal marker to the termi-

CMA 003268




Voo 138, 1579

tus reginn on the A’ -oie of toe Chrotiesony
R R IR, Y E I S ANYY SN TS SE T SV
- ciromoaedv L Vag 602 tene ey
St LolstGered ot Gt el Gara T 02
20, was significantiv snrichen in the membrane,
and may be rhe beg:nning of tne terminus region
on the othar side of the bulirectionally replicared
chromosome. The /vs.3 marker, which is near to
trpC2, was not membrane-enriched in any ex-
petunents. The vdservaion of Neuhard et al
118), describing the temperature senmtivity af
thvmidyiate svnthetase B in 8. subrilis, enabiod
us to ascreen separately for thyA and thyis
markers, thus adding the tAyB gene to the list of
terminus loci enriched in the membrane. The
MEI of the different terminus markers were
increased as the distance towards the terminus
of replication was decreaced, suggesting stronger
chromosomal attachment near the terminus
point. The hisA! ind purB8 loci which have
appeared to he somewhat enriched in some of
the previous reports (10. 24, 27, 28) were not
found to be membrane enriched in our study,
and belong to the intermai region of chromo-
somal replication.

The attachment of the chromosome to the
membrane, as demonstrated in the present work
with strain BULA04, seems to be less extensive
and less specific (lower enrichment values) than
the attachment of the genome to the bacterial
cell wall as reported by Streips et al. (26). These
findings could indicate basic diffcrences between
the in vivo chromosome-surface complex fin-
cluding ceil wail) in bacteria and the compiex
isolated after cell wall removal

et
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Genetic Analysis of DNA-Surface Interactions in Bacillus subtilis

ULDIS N, STREIPS. SARAH HOROWITZ. ano RONALD J. DOYLE
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In a paper which has provided the foundation
for many productive experiments in molecular
biology and bacterial cell division, Jacob, Bren-
ner, and Cuzin (11) proposed the ‘‘replicon™
model o explain some of the mechanisms of
DNA initiation and replication. One major con-
cept of their proposal was that portions of the
cellular genome were attached to the cytoplasmic
membrane. That assumption made it possible to
account for proper segregation of the genome
into daughter cells concomitant with ceil growth.

Subsecquently, research in several laboratories
demonstrated that the chromasome of various
bacteria was indeed attached o the surface.
Moreover, the attachment was at the origin and
terminus of replication and at the replication
point, as well as at several nonspecific points
along the chromosome (4, 5, 9, 13, 17, 18). The
specific association of the chromosome at sites
involved in DNA replication reinforces the con-
cept of a causal relationship among DNA-sur-
face attachment, cell division. and chromosome
segregation. To study this relationship further,
we have investigated DNA-surface attachments
in Bacillus subtilis under conditions in which
normal cell division and DNA segregation are
disturbed.

MEMBRANE-DNA COMPLEX IN A
STABLE L-FORM

A stable L-form from B. subiilis, sal-1, has
been propagated in liquid media since 1969 (19).
The L-form grows in the absence of any cell
wall and is stabilized by 1.2 M NaCl. sal-/ and
its salt-independent derivative, sig-/, have been
shown to divide aberrantly, producing progeny
with altered cytoplasm and DNA contents (6, 7).
In this respect, these two L-forms are similar to
other L-forms isolated from B. subrilis (14). We
have used sal-/ as 3 model for an organism
which has lost proper cell division and DNA
segregation control.

To determine whether the DNA-membrane at-
tachment remsined intact in these aberrantly
dividing cells. we isolated DNA-membrane com-
plexes by use of Renografin gradients (9). The
complexes were then assayed for DNA conteat

i

., by transformation, and membrane enrichment

indices were calculated (9). As shown in Fig. 1,
when compared to spheroplasts (panel A), the
L-form (panel B) retained enrichment for genetic
markers close to the origin of replication, purA 16
and cysAl4. Several internal markers were not
enriched in either sample. However, selective
enrichment for genes close to the terminus of
replication, such as rpC2, gltA292, citK5, and
thyB, was found to be lost in the L-form but not
in spheroplasts. It is attractive to speculate that
this loss of replication terminus attachment con-
tributes to the loss of division comtrol in the
L-form.

There are severnl factors which could have
contributed 1o the loss of replication terminus
binding (9). Among the most probable alterna-
tives are the absence of a ceil wall or the pres-
ence of high sait (1.2 M NaCl) in the growth
medium. If the loss of cell wall contributed to
the dissociation of the terminus of replication
from the surface, then it follows that the cell
wall contributes to the makeup of the normal
DNA-surface complex.

CELL WALL-DNA COMPLEXES

To examine the possibility that the ceil wall
is involved in attaching the chromosome to the
surface of B. subrilis, we isolated cell walls
at various stages of growth and examined the
preparations for transforming activity (1, 15;
R. J. Doyle et al., submittad for publication).
Not only did isolated cell walls possess trans-
forming activity, but the transformation was
specifically enhanced for genetic markers around
the replication origin and terminus (Fig. 1C). The
extent of enrichment in the cell wall differs
from that observed with membrane-DNA com-
plexes. Thus, AisA/, pyrAl. and sacA were en-
riched in the cell wall samples, whereas the same
markers were not enriched in membrane-DNA
complexes (9. 15, 18). In contrast, cysA/4,
a marker which was shown to be membrane-
ennched. was not found to be specifically ar.
tached to the cell wall (9. 15, 16). The signif-
icance of these differences is not obvious at the
present time. There is an overall symmetry ap-
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FiG. 1. Genetic analysis of surface-DNA complexes in Bacillus subtilis. Generic markers on the chromosome
of B. subtilis and its L-form, sal-1, were examined for enrichment in membrane and wall preparations (9, 13).
Represented are the enrichment maps for spheroplast membrane-DNA (A). L-form (sal-|) membrane-DNA
(B). cell wall-associated DNA (C), and membrane-DNA from 1.2 M NaCl-treated cells (D). The genetic map of
B. subtilia is tAat presented by Young and Wilson (20). Each marker is designated as enriched (@), nonenriched
(O), or mot examined (*). Replication origin (O), replicarion terminus (T).

parent in the cell wall-DNA profile (Fig. 1C). of the in vivo DNA-surface complex after re-
which is not present in the membrane-DNA  moval of the cell wall. Along with these altera-
preparations (Fig. 1A and B). This loss of sym- tions it is possible that prolonged growth in
metry could be due 10 changes in the topography  the absence of a cell wall could also result in
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the dissogiation of the terminus from the mem
brane

EFFECT OF SALT ON MEMBRANE.
DNA COMPLEXES

An alternate possibility for the loss of attach-
ment of the replication terminus by the L-form
is the presence of 1.2 M NuCl in the growih
medium of this organism. A high concentration
of sait may destroy the integmy of the sur-
face-DNA compiex. The effect of salt on
morphology has been documented (3, 12).

We grew B. subtilis BUL 404 (merB10) in
1.2 M NaCl and isolated membrane-DNA com-
plexes at various intervals. In Fig. 1D, we show
the membirane-DNA prodiie {rom ceils grown in
1.2 M NaCl for 120 min. Ii is obvious that
growth in salt dissociated the replication termi-
nus from the membrane in the bacterial strain.
Recent experiments suggest that replication
terminus dissociation occurs within the first 30
min after addition of 1.2 M Na(l to the culture
growth medium. Moreover, after 120 min of
growth in 1.2 M NaCl. the entire population of
cells has assumed abnormal morphological char-
acteristicy. suggestive of changes in cell division
control. Thus, we have been able to emulare
the L-form state of replication terminus detach-
ment and induce abnormal cell division by grow-
ing B. subtilis cells in high salt. Presumably.
plasmolysis has occurted in these cells. There-
fore, it is attractive 10 postulate that the replica-
tion terminus site may be labile to plasmolytic
detachment of the membrane from the wall.
Such removal ¢could destroy the integrity of this
surface-DNA site, In contrast, the replication
origin-surface complex appears t0 be inviolate to
the effects of high sait concentrations. Origin
of replication binding has aiso been maintained
in the L-form. This suggests that the replication
origin-surface compiex may be of primary and
vital importance for ceil survival.

DISCUSSION

On the basis of the foregoing series of ex-
periments, several conclusions ¢an be drawm
concerning the surface-DNA complex in B.
subtilis. First, the in vivo complex contains not
only the chromosome and membrane, but also
peptidoglycan. Second, of all the binding sites.
the attachment of the origin of repiication is of
primary importance. This attachment is main-
tained in all samples assayed to date. Third.
the replication terminus attachment appears tuv
be labile to high sait and perhaps prolonged
growth in the absencs of the cell wail, Thus.
the L-form and ceils grown in 1.2 M NaCl have
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lost preferential attgchment i the termnus of
teplivattan lorminus altachment and  mor =
morphology cun be restored atter removal ol the
1.2 M NaCl (S5, Horowitz et al.. submitted fur
publication). Finally. once the attachment in the
terminus region i~ lost, cells are observed (o huve
altered morpholugy and division putterns.

These data wuggest that the DN A-surfuge com-
plex is a vital structure for the provaryotg
cell and has a dynamig role in the mantenance
of the cell cycie. The complex may regulate
not only DNA replication but also DNA segre.
gation and cell division events, If the complex
is disturbed, then aberrancies in cell division
processes occur. It is possible that information
for the proper maintenance of the complex and
its functions resides in the proteins found in both
the cell wail and ceil membrane (2. 8. 10). Such
interactions, however, remain uncharacterized
at the present time. The ability to manipulate
the constitution of the DNA-surface compiex
and the morphology of cells leads to the pos-
sibility that the individual functional com-
ponents may be isolated and studied.
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RESTRICTED CHROMOSOME-MEMBRANE ASSOCIATION IN A STABLE L-FORM
OF BACILLUS SUBTILIS. S. Horowitz, R.J, Doyle. and U.N.
Streips, Department of Microbiology and Immunology, University
of Louisville, Schools of Medicine and Dentistry, Health
Sciences Center, Louisville, Kentucky, 40232 (USA)

ABSTRACT

A stable L-form (sal-l) of Bacillua subtilis BR151 was
found to retain a chromosome—membrane associastion. The
attachment of the chromosoma to the membrane in the lL-form is
specific for the replication origin but not for the replication
terminus. These results are in contrast to those obtained with
the parental, cell-walled strain in which both the origin and
terminus of chromosemal replication are preferentially
attached to the membrane.

INTRODUCTION

Attachment of the chromosome to the cytoplasmic membrane
and to the cell wall has besn well demonstrrated in cell-walled
prokaryotes and is postulated to be instrumental in DNA
segregation and division contrel [1,2,3,4]. This attachment
is specific for the origin and terminus of chromosomal
replication and for the replication point [1,4,5}. In
Mycoplasma the chromosome was also found to be attached to the
membrane [1,6]. Studies of unstable L-forms, utilizing
electron microscopy, have also revealed chromosome-membrane
association {7]. Yet, the genatic specificity of the chromo-
somal attachment in cell wall~deficient prokaryotes has not ~
beaen studied. In this report, we demonstrate that a stable L-
form (sal-l) of B. subtilis BR151, which has no cell wall
polymars and divides aberrantly [8,9, R.W. Gilpin personal:
comminication], retains a chromosome-membrane association.

The attachment is preferential for the region at the origin of
chromosomal replication, but the specific attachment of the
region close to the replication terminus has been lost.

MATERIALS AND METHODS

Bacterial strains. The stable L-form (sal-1l) of B.
5ubtilis BRIS1 [8,9] was kindly provided by R. W. Gilpin and
retains the metBl0 marker. The parental strain, B. subtilis
BR151 lys~3, Eggpz metBl0, was transformed to prototrophy for
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lys-3 and trpC2 with B. subtilis W168 DNA to maintain the sase
suxotrophic background as the L-form. All strains used as
recipients in the transformation axperiments are listed
elaevhere [10].

Media and growth conditions. The L-form (sal-l) was
grovn in sal-l medium {10] which contains 1.24 NaCl for

stabilization, according to a modification of the technique
described by Gilgin at al [9), in tha presence of deoxyadenosine
(200 pg/ml) and léc~thymidine (0.1 pCi/ml, 53 wCi/mmole) for
about two generations. Tha culture was washed in NCP buffer
{11] plus 1.2M NaCl and lysed in NCP buffer by osmotic shock.
The parental strain, B. subtilis BR15] metBl0, wvas grown and
labeled ymder the same conditions as the L-form but without

the NaCl, washed iao NCP buffer, and lysed by addition of
lysozyme (0.5 mg/ml).

Renografin gradients. Lysates of the L-form and its
parental strain vere appliad onto 0381 linear Renografin
density gradients [1l] and were centrifuged, frictionated and
countad according to a modification of the technique described
by Ivaria and Péne [11]. '

Transformation procedures. The procedures for the
davelopment of competsnce and transfdymation were according to
those described by Boylan et al [12].  Dilutions of the peak
fractions from the Renografin gradients served as donor DNA.

RESULTS

Attachment of the chromosome to the membrane..-Uniformly
labeled DNA from an unsheared lysate of the L-form sal-l
(Materials and Methods) forms one distinct band at the lower
part of the Renografin gradieat. This band corresponds to the
mesbrane-DNA (mDNA) peak which is found in the untreated
lysate of the parental strain B. subtilis BR151 metBl0 (results
not shown). The DNA attached to cthe mesbrane of both the L-
fora lysate and the lysate from the parental strain contains
about 802 of the label incorporated. Shearing the L-forms
lysate by vortexing for 30 seconds at setting no. 6 causes a
decrease in the amount of labeled DNA which appears in the m=-DNA
pezk and generates a slower sedimenting peak which bands at the
upper part of the Renografin gradient. This new peak corres-
ponds to the free DNA (f~DNA) pesk of the parental strain -
(results not shown). The distribution of the uniformly labeled
DNA from the L-form sheared lysate consists of about 552 label
which appears as free DNA and about 30% which appecars as
firmly attached mewbrane associatad DNA. This diastribution is
similar to that of the uniformly labeled DNA from the sheared
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lysace of che parental strain [10].

Genetic analysis of the specificity of chromosome
attachment. Since the DNA isolated in the Renografin
gradiencs can be used in tranaformation assays, genetic
analysis for the specificity of DNA attached to the membrane
was performed, using peak fractions from the sheared lysate of
the L-form and the parental strain as donor DNA. Genetic
markers were tested throughout the chromosome and included
markers at the origin and terminus regions of chromosomal
replication as wvell as internal loci. The specificity of the
attachament wvas determined by the membrane enrichmentc index
(MEI), calculated according to Sueoka and Quinn [2] using
leuid as a scandard. Several tranaformation experiments were
performed for each marker with both the L-form and the parental
strain DNA peak sanmples and the average MEI was calculated.

An MEI value vhich equals or exceeds 1.40 wvas Caken to indicate
that the marker is eariched in the DNA actached to the
membrane, hance preferentially bound. An MEI value close to
1.00 wvas accepted to show no specificity for the attachment to
the membrane. The results from the transformation experiments
are shown in Figure 1. None of the internal markers that wve
have examined has any specificity for association with the
membrane in both the L-form and the parental strain. The
origin region of chromosomal replication (purAlé and cysAlé)
in the L-form is preferentially atctached to the membrane as is
the case in the parental strain. However, the region close to
the replication terminus (trpC2, thyB, c¢itKS, gltA292, and
thyA) does not appear to be actached to the membrane of the
L-form although it is preferentially attached to the membrans
in the parental strain,

DISCUSSION

This study demonstrates that the L-form, sal-l retains a
membrane-chromosome association in both shearcd and unsheared
lysates. This attachment i3 quantitatively similar to that of
the parental strain sod may indicate the importance of
maintaining such an association for normal cell growth,

Cenatic analysis for the specificity of the membrane-
chromosome association in the L-form shows that the
preferential attachment of the origin of chromosomal
replication is retained. However, specificity for the
attachment of the terminus region has been lost, vhen compared
to the parental strain. This finding suggests that the two
sites of attachment are different, and that the attachment of
the origin is of primary {mportance. The loss of association
of cthe terminus to the membrane In the L-form could be the
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Figure 1. Genetic analysis of m—DNA from the L-form and its
parental strain. Genetic markers along the entire chromosome
of both the L-form and {ts parental strain vere examined for
specific enrichment in membrane samples (MEl) by transformation
(Materials and Methods). Represented is the genetic map of the
L-form sal-1 (A) and of the parental strain BR151 metB10 (B).
The genetic map of Bacillus subtilis was constructed from those
of Lepesant-Kejzlarova et al [13] and Young and Wilson [14],
Each marker is designated as enriched (e) or non-enriched (o)
in m~DNA samples. Replication origin (0); Replication

terminus (T).
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result of ona or more of the following physiological and/or
ganatic alterations. First of all, the loss of the cell wall
may have removed an outer surface site for terminus attachment
[15,16]). Secoudly, a loss or altsration of a binding
protain(s) which aids in the specific actachment of the
chromosome to the membrane (or cell wall) could be reflected
in the loss of association of the terminus region. Also,a
temperate bacteriophage which inserts in this area of the
chromosome [17] could participate in the binding of the genome.
The L-form could have lost such a bactariophage. Finally, the
presance of a high concentration of salt (1.2M NaCl)
throughout the growth cycle of the L-form could be responsible
for the dissociation of specific, bound regions of the
chremosona [3,9]. We are presently investigating all of these
possibilicies.

The chromosoma of B. subtilis has been found to bind to
the cell wall polymer [4,15]. It is attractive to speculate
that any alteration of the integrity of the cell wall-protein-
nembrane~DNA complex would result in aberrant division and DNA
segregation patterns. Our observation that the L-form, sal-l,
of B. subrilis is altered in a part of the replication complex,
the attachment of the terminus of chromosome replication,
provides initial support for such a speculation. It also
provides opportunity for further studias on the rola of the
bacterial outer surface in DNA replication and segregation, and
cell divisiom.
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INHIBITION OF INTERFERON INDUCTION AS A SCREEN FOR
THE CARCINOGENIC POTENTIAL OF CHEMICALS*

Gerald Somnnenfeld, Mary Carol Barnes, Julia Schooler and )
Uldis N. Streips .
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ABSTRACT
The induction of murine interferon by Neucastle disease

virus has been shcwn to be inhibited by pre-treatment of :
fibroblasts with various carcinogens. The present study has ..

extended the range of carcinogens to include chloroacttaide- .
hyde. Chloroethancl and chloroacetic acid, rarely carcinogen— -

ic analogs of chloroacetaldeéhyde, had no significant efiect on
intexferon induction by Newcastle disease virus. Wheu poly- )
riboinosinic~polyribocytidylic acid was used as zn interferon e

inducer, induction of interferon was also inhibited by pre- .
treatment of the cells with chloroacetaldehyde. Additlom of L

reduced glutathione, which can trap active metabolites of
carcinogens, abrogated the effect of a carcinogen on inter-

feron induction, suggesting that fibroblasts can activate

carcinogens in the inhibition of interxferon inductiom system.
Following further verification of the ability of the inhibit-

ion of interferom induction system to discriminate among ¢
chemicals on the basis of carcinogenic potential, this test

could become part of a comprehensive battery of tuits forx

chemical. carcinogenicity.
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INTRODUCTION

Many different tests have been developed over the past
several years to determine the carcinogenic potential of
chemicals, Severzal of the early tests, such as the Anes
Salmonella test (1), were able to determine the mutagenic
potential of chemicils, but could not consistently discrin-
inate between mutagens and carcinogens. Several recently de-
veloped assays, which involve determination of the activat—
ion of "SO0S" repair in bacteria, have apparently been able to
differentiate between carcinogens and mutagens (2,3). Row-
ever, these tests suffer from the drawback that they are
carried out in prokaryotic cell systems which may not be
analagous to the systems operative following exposure of a
wsmnalian cell to a chemical.

Mammalian tests to determine the carcinogenic potential
of chemicals have been developed, but also suffer from sav-
eral drawbacks. Transformation of cell cultures or induct-
ion of tumors in animal models require extended periods of
time for the carcinogenic potential of a chemical to be ex-
pressed., In addition, if a chemical is carcinogenic only at
a very low rate, massive quantities of animals would be re~
quired to observe the carcinogenic event (4).

- DeMaeyer and DeMasyer—Guignard have showm in early
studies that pre-treatment of rat fibroblasts with several
carcinogens including benzo-(a)-pyrene and 3-methylcholan—
threne resulted in reduced interferon production when the
cultures were challenged with vaccinia virus (5,6). Benzo-
(c)-pyrene, a rarely carcinogenic mutagen and an analog of
benzo-{a)-pyrcae, had no effect on interferon induction. We -
have recently extended these studies to a murine system and
have shoun that .several other suspected carcinogens, includ-
ing Atlatoxinwnl, 2-aminofluorene, styrene oxide, and methyl
methanesulfonate, all inhibited interferon induction by New-
castle disease virus (NDV) in mouse embryo fibroblasts (7).
Ethyl methanesulfonate, a rarely carcinogenic analog of
methyl methanesulfonate, also had no effect on interfcron
induction.

The present study represcnts an extcnsion of the exan-
ination of the cffects of carcinogens on the induction of
interferon. Pre-treatment of mouse embryo fibroblasts with
the postulated carcinogen chloroacetaldchyde resulted in
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inhibition of interferon induction when the culturcs wvere
challanged with NDV. Treatment of the cultures with chloro—
acetic acid and chloroethandl, rarely carcinogenic analogs of
chloracetaldehyde, did not significantly affecr interferon
induction. These data suggest that the inhibition of inter-
feron induction system may be useful as an assay for the car-
cinogenic potential of chemicals, following more extensive
studies and confirmation of results. In addition, cklorvacet-
aldehyde treatment inhibited interferon induction by poly-
riboinosinic~polyribocytidylic acid (poly 1:C), suggesting’
that careincgen trezatment doss not disrupt the interaction

of virus with the cell membrane resulting in inhibited inter-
faron production. Finally, application of reduced gluta-
thione to the cell cultures in conjunction with the carcino-
gen benzo-(a)~pyrene resulted in abrogation ef the effects of
the carcinogen on interferon induction. These data sugpgest
that a system exists in fibroblasts which can activats
carcinogens in the interferon inhibition system. T

" MATERIALS AND METHODS

Mouse Embryo Fibroblast Cultures: C57B1/6 derived mice were
bred and maintained in our laboratory. Fifteen to eighteem
day old embryos were surgically removed from pregnant mice,
minced, trypsinized in 0.252 trypsin 1-300 (ICN Pharaceuti-
cals, Cleveland, OH) and then suspended in minimum essential
medium (Grand Island Biological, Grand Island, NY) supple—
mented with 102 fetal calf serum, penjcillin and stxeptomycin
and glutamine. Second or third passagezculutres were used in
all experiments and were plated in 25cm” tissue culture
flasks (Falcon Plastics, Oxnard CA).

Chemicals: Chloroacetaldehyde, chloroethanol amd chloroacetic
acid were generous gifts of Dr. John Wong, Department of
Chemistry, University of Louisville. Polyriboinosinic and
poalyribocytidylic acids were obtained from P-L Biochemicals,
Milwaukee, WI. Benzo-{a)-pyrene was obtained from Aldrich
Chemical Company, Milwaukee, WI. Reduced Glutathione was
obtained from Calbiochem, La Jolla, CA. -

Interforon Induction: Mouse Type I interferon was produced
in fibroblasts with the Herts strain of Newcastle disecase
virus, as described elsewhcre (8). After inacgivation of
residual inducing virus by pH 2 treatmént at 4 C for four
days, the tissue culture supcrnatants werce assayed for anti-
viral (interferon) activity. Polyrihboinosinic and polyribo-—
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cytidylic acid were complexed to poly I:C by heating at 45%c
for one houx. Type I interferon was induced with poly I:C

by adding 50 ug of poly I:C to tissue cultures for 90 min.,
and adding additional f¥esh wedium to the mouse ermbryo
fibroblast cultures. " DEAE~Dextran was included with:
the poly I:C to insure maximum of induction of intexrferon (9).
After twenty-four hours of incubation, the culture supernat-
ants were harvested and assayed for antiviral activity.

Interferon Assay: Interferon titers. vere determined by
plaque reduction ou mouse L-929 cells using the Indiana .
strain of bovine vesicular stomatitis virus (10). The iuter-
feron titer corresponded to the reciprocal of the highest
dilution of test sample that reduced virus plaques by S0Z.
One interferom unit in this assay e.quals 0.388 NIH—G—OOZ—BM—
511 reference units.

RESULYS

Chloroacetaldehyde, chloroethanol, and chlorvacetic acid
were solublized in dimethyl sulfoxide (DMSO) and diluted to
appropriate concentrations in tissue culture medium. . The
chemicals were then added to different confluent monolayexs
of mouse embryo fibroblasts. Following twenty-four hours of
incubation at 37° C, the culture supernatants vere removed and
interferon was induced with NDV. The results shown in Table
1 indicate that only treatment with chloroacetaldehyde
resulted in decreased interferon production of 502 or
greater,

TABLE 1

- -

EFFECT OF PRETREATMENT OF CELL CULTURES WITH CULORO- -
ACETALDERYDE AND ITS ANALOGS ON INTERFERON INDUCTION BY KDV

Treatment#® Interferon Titer X Decrease
NDV Only ‘ 300 -
DMSO + NDV 500 —
Chloroacetaldehyde + NDV 69 7z
Chloroacetic acid + NOV 225 252

. Chloroethanol + NDV 209 - 30Z.

*A11 chemicals were applicd at a concentration of 0.003 wi
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Singce the interferon assay has an innate two-fold vari-
ability due to the biological nature of the assay (1l), only
diffrrences of 50% or greater were considered to demonstrate
an effect of a carcinogen on interferon induction.

When chloroacetaldehyde, chloracetic acid and chloro-
ethanol were applied to confluent monolayers and interferon
was induced with poly I:C, inhibition of interfcron inmduction
of 50Z or greater was again only observed in-chloroacet-
aldehyde treated cultures (Table 2). Chloroacetic acid and
chloroethanol had much less of an effect on the induction of
interferon. '

TABLE 2

EFFECT OF PRETREATMENT OF CELL CULTURES WITH CILOROACET-
ALDEHYDE AND ITS ANALOGS ON INDUCTION OF INTERFERON BY

POLY I:C
Treatment® Interferon Z Decreass
' Titer
Poly 1:C only 430 a—
DMSO + poly I:C ) 38s 10z
Chloroacetaldehyde + poly I:C 187 572
Chloroacetic acid + poly X:C 268 37z
Chloroethanol + poly IX:C 304 29%

*A11 chemicals were applied at a concentration of 0.005 pm.

Benzo-(c)-pyrene was solublized in DMSO and applied to
confluent monclayers of mouse embryo fibroblasts at a com—
centration of 0.5 ym. As has been previously reported for
induction of interferon by NDV (7), this treatment resulted
in a significant drop in the titer of interferon inducecd by
poly 1:C (Table 3). Addition of rcduced glutathione with
the benzo-( a)=pyrene resulted in abrogation, at least in
part, of the inhibitory effects of benzo-(o)-pyrcne on
interferon induction by poly I:C (Table 3). Glutathione
itself had minimal if any effect on the induction of inter-
feron (Table 3).

-
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TABLE 3

EFFECT OF CONCOMITANT ADDITION OF GLUTATHIONE AND )
BENZO~(a)~-PYRENE ON INTERFERON INDUCTIION BY POLY I:C

Treatment . Interfero;t z Decxeasa
Titer %

. Poly 1:C only .. 266 -—
Benzo—-(o)-pyrene + poly I:C : 76 . Nz
Benzo-(a)~pyrene + 0.1 pm . N

glutathione + poly 1:C w7 oaz
Benzo-( a)-pyrens + 0.01 um . .
glutathione + poly I:C | 150 . 4z
0.1 ym glutathione + poly I:C 347 e -_—
196 - 262

0.01 yu glutathione + poly I:C

Addition of glutathione to cultures ot mouse eﬁbryo £ibro—
blasts did not result in the induction of detectable levels
of interferon.- .

DISCUSSION

The induction of Type 1 interferon has been shown to be
inhibited by several carcinogenic chemicals (5-7). Of par-
ticular interest is the observation that vwhen several pairs

of highly carcinogenic chemicals and their rarely or non-

carcinogenic analogs, e.g. benxo-(a)-pyrene and benzo-(c)-
pyrene, ethyl methanesulfonate and methyl methanesulfonat
ware tested, only application of the proven carcinogen
resulted in the inhibition of interferon inducriom (5-7). We
have now extended this observation to include the presumed
carcinogen chloroacetaldehyde, and its rarely carcinogenic ’
analogs chloro acetic acid and chloroethanol. After many
additional pairs of carcinogens and analogs are tested in the
future, the inhibition of interferon inductiom by chemicals
may prove uscful in the scrcening of chemicals for carcino-
genic potential.
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Dimethyl sulfoxide has previously beem shown to have a
nen=statistically significant minimal effect on the ivduchion
of interferon by NDV (7). In the preseat study, un effect of
OMSO on interferon induntijon was observed.

The mechanism of the inhibition of interferon induction
was also examined in the present study. Previous work has
shown that pre-treatment of rat fibroblasts with carcinogens
did not inhibit the plaquing efficiency of vaccinia virug
(5). Since poly I:C induction of interfercn is also

~inhibited by pre~treatment of fibroblasts with carcinogens,
it is not likely that the .carecinogen treatment js affecting
the binding of viruses to the cell membrane or the budding.
of viruses. '

Many carcinogens must be activated by microsomal oxidases
in order to form final active products before an effect in
bacterial or mammalian systems can be observed (12). Benzo~
(co)~pyrene is included amang these chemicals. Reduced
glutathione can trap these active products and prevent the
occurence of a carcinogenic event (12). Application of
raduced glutathione to the inhibition of interferon induction
system resulted in at least partial abrogation of the effects
of benzo-(a)-pyrene on interferon induction. These data
suggest that fibroblasts must contain the type of activation
system for carcinogens that renders them potent fox the
inhibition of interferon induction.
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SECTION 1v:

IN VITRQ TESTING -

UNKNOWN: Do you think that this effect is restricted
only to these groups of carcinogens and works also with afla-
toxins?

SONNENFELD: It does work with aflatoxin. We have éixm
ir with aflatoxin previously as well and there has just been
a report published using aflatoxins and the Bl aflatexin.

UNKNOWH And what about tumor pmot:ors"

: SONNENFELD: There have been reports using coal dust and
- also asbestos fibers as well, that ‘there was reduced induc-
tion of interferon. The alfatoxin story is very interssting
because these investigators at Western Virginia University
used four different types of aflatoxin. Ome type being more
potent carcinogen than the other and they found thai tha de-
gree of inhibition of induction was rclated to ::he potency of
the type of aflatoxin that they used.

DEGKE: Do you have any idea whether other cell types
could be used for the same tests?

SONNENFELD:. We have used fibroblast. DeMryer has used

fibroblasts. Thers has been one study jin vitro, I camot

. remember the chemical right off hand, but if mice were treated
with this chemical they could not produce in vivo serum inter-
feron, I do not know about other things. Of course, we waould
like to get into studies with Type 1I interferon as well in
lymphoid cells but to this point this type of work has anly ‘
besn dona using fibroblast.

. GROB: You might have mentioned it but could you please
repeat what the pretreatment schedule was before interferon
induction.

SONNENFELD: What we would do was treat those cells with .
o the carcinogens for twenty-four hours and then wash and make
sure that there was no toxicity of the carcinogen.

UNKNOWN: Jay, just to support you, the cmulsificrs
that ve used severely reduced the ability of cells to pro-
duce interferon. If you usc them in very small concentra-
tions in lcukecyte culture, they cause chromosome breaks to
a substantial degrec higher than the normal controls.
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2

SONNENFELD: Which might suggest some carcinogenic
potential of the matexial. )

~ UNKNOWN: Yes, I couldn’t agrce moxe on the need of
ghifting from a prokaryotic system to an eukaryotic system
and I think that your approach is particularly exciting and
promising, especially considering that you can iise a human
cell. ‘ o . :

SONNENFELD: Yes, we have begu:‘z studies along those ) :
lines. ) ..
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Effect of Carcinogens and Analogs on Interferon

Induction

Mary Carol Barnes, Uldis N. Streips and Gerald Sonnenfeld
Department of Microbiclogy and Immuaclogy, Univeruty of Louisville, School of Medicine, Louisville, Ky.

Key Words. Interferon - Carcinogen inhibition

Abstyact. Pretreatment of mouse embryo fibroblasts with several chemicals, including 7,12-dimethylbenz-(a)-
anthracene, 2-aminofluorene, aflatoxin B,, benzo-(a)-pyrene, styrene oxide, and the No. 4 fraction of tobacco
smoke condensate, resulted in severely reduced production of interferon when the cells were challenged with
Newcastle disease virus. All of the above chemicals are proven or strongly suggested carcinogens. When the
analogs methyl methanesulfonate, a potent carcinogen, and cthyl methanesulfonate, a weak carcinogen, were
applied to cells, interferon induction was only inhibited by the methyl methanesulfonate. Therefore, carcinogens
may directly inhibit the induction of interferon by Newcastle disease virus.

Introduction

Interferon is now being used in several clinical trials
for the treatment of various types of tumors, including
non-Hodgkin’s-type lymphomas [1]. Therefore, it is of
interest to determine the type of interactions that exist
berween interferon and tumor-inducing substances, such
as carcinogens.

Early experiments by DeMaeyer and DeMaeyer-
Guignard (2, 3] suggested that application of known
chemical carcinogens, such as benzo-(z)-pyrene, to rat
embryo fibroblast cultures prior to challenge with vac.
cinia virus resulted in inhibition of the induction of
interferon by the virus. An additional finding of sig-
nificance was that benzo-(¢)-pyrene, a weak carcino-
gen, had no effect on the induction of interferon. These
data suggested that carcinogens might have a specific
inhibitory effect on the induction of interferon.

The results of the present study confirm and extend
these observations. Several known and suspected po-
tent carcinogens, including methyl mcthanesulfonate
(MMS), markedly inhibited the induction of interferon
by Newcastle disease virus (NDV) in mouse embryo
fibroblasts. The rarely or weakly carcinogenic analog of
MMS, ethyl methanesulfonate (EMS) [4, 5] had little

or no effect on the induction of interferon by.NDV.
Therefore, the new data suggest that interferon induc-
tion is inhibited by pretreatment of cell cultures with
an extended group of potent carcinogens.

Materials and Methods

Mouse Embryo Fibroblast Cuftures. B6 H-2"* lyt2.1 mice, a gift of
Thomas Huff and Samuel Weillhausen, Depanment of Microbiology
and Immunology, University of Louisville. Ky., were bred and main-
1ained in our laboratory. 15- 10 18-day-old embryos were surgically
removed from mothers, minced: trypsinized in 0.25% trypsin 1-300
(Pharmaceuticaly, Cleveland., Ohio) and then suspended in Gibco
mimmal essential medium (MEM) with 10% fetal calf serum. Second
or third passage cultures were used in ail experiments and were plated
in Falcon 25 ¢cm® tissue cufture flasks, and were used immediately
upon reaching confluency.

Chemucals. Aflatoxin By, 2-aminofluorene, benzo-(a )-pyrene, EMS
and MMS were obtained from Aldrich Chemical Co., Milwaukee.
Wisc, 7,12-Dimethylbenz-(« )-anthracene and No. 4 fraction of to-
bacco smoke condensate were received from the Kentucky Tobacow
Health and Research Instntute, Lexington, Ky. Dimethylsulfoxide
(DMSO) was obtaincd from J. T. Baker Chenucal Co.. Plullipsbury,
N.J. Styrene oxude was kindly provided by Dr. John Wong, Depart.
ment of Chemistry, University of Louisville, Ky,

Interferon Production. Mouse type 1 interferon was produced in
fibroblasts with the Herts strain of NDV, as descnibed ¢lsewhere [6].
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After inactivation of resicual inducing virus by pH 2 trestment at -

4°C for 4 days, the tissue culture supernatant fuid was assayed for
interferon achivity.

Interferon Assay. Inmerferon titers werc determined by plaque
reduction on mouse L-929 cells using Indiana strain bovine vesicular
stomatitis virus, The interferon titer corresponded to the reciprocal
of the highest dilution of test sample that reduced virus plaques by
50%. One interferon unit equals 0.88 NIH HG-002-904-51 1 reference
units {6].

Resuits

Viability of Mouse Embryo Fibroblast Cultures

Mouse embryo fibroblasts were allowed to grow into
a confluent monociayer. After reaching confluency, dif-
ferent cuitures were treated for 24 h with several con-
centrations of the chemicals used in this study. These
chemicals incuded 7,12-dimethylbenz-(a)-anthracene,
2-aminofluorene, aflatoxin By, No. 4 fraction of tobac-
¢o smoke condensate, benzo-(a)-pyrene, MMS, EMS,
DMSO and ethanol. Immediately after removal of the
chemicals, the fibroblast cuitures were stained with 2 x
neutral red, a vital stain. All of the cuitures that were
treated with the dosages of chemicals that were used in
the study were >95% viable by staining criteria. Addi-
tional cultures that had chemical-containing medium
replaced with fresh MEM remained viable for at least
another 24 h.

Effect of Known Carcinogens on Interferon Induction

The known carcinogens 2-aminofluorenc and 7,12-
dimethylbenz-(a)-anthracene were diluted in MEM
and added to confluent fibroblast cuitures, After 24 h
of incubation, the cuiture supernatants were removed.
The cultures were then challenged with NDV for 24 h
and the supernatants were harvested, pH 2 treated, and
then assayed for interferon activity. Reductions in inter-
feran titers 90% were obtained when compared to non-
carcinogen treated controis (table I). Several different
dosages of chemicals were initially used to determine
the dosage for optimum effect without affecting via-
bility of the cuitures, and the data in table [ represent

the optimal dosages.

Effects of Several Chemicals on Interferon Induction

Mouse embryo fibroblasts were treated with several
different dosages of various chemicals before attempted
induction of interferon with NDV. Aflatoxin B,, No. 4
fraction of tobacco smoke condensate, benzo-(a)-py-
rene, and styrene oxide treatments all inhibited the
induction of interferon by 90% or greater (tabie IT).

9
Table L Effect of carcinogens on interferon producton
Treatment of Antiviral % decrease
fibroblasts titer from control
Newcastle disease virus 1.000 -
7.12-Dimethylbenz-(a )~
anthracene + NDV
319.0uM 100 90
3.9uM 85 9]
2.Aminofiuorene + NDV
0.050 uM 21 98
0.00S uM 247 81

Table IL Blind study of the effect of various chemicals on inter-
feron induction

Chemical Interferon % decrease  puny?
treacment® titer + SE from conwrol

None (NDV coatrol) 14562455 - -
Aflatwoxin B, 0.05 uM 10582 93 <0.05
No. 4 fraction, tobacco smoke? 89+£20 95 <0.05
condensate, 10x

Benzo-g-pyrene, 0.05 uM 12+74 92 <0.05
Styrene oxide, 0.05 uM 14960 90 <0.05

Mouse embryo fibroblasts were pretreated with the appropriate
chemcal for 24 h. Supernatants were removed, calls washed and
NDYV applicd for 24 h. Cell supermnatants were thes harvested and
assayed for antviral activity.

1 Swtistical analysis was performed by means of & Studemt's T
analysis. .

! Arbitrary dilutions of the No. 4 fraction of tobecco smoke con-
densate were used.

Tahie HL Blind study of the effect of & weak and a potent car-
cinogen on interferon production

Chemicat treatment® Interferon % decrease? p
titey £ SE from control
None (NDV control) 1436 £ 455 - -
Ethyl methanesulfonate 1,680 £ 294 - >0.5
0.05 uM
Methyi methanesuifonate 137+ 82 9 «0.05
0.05 uM
Experimental protocol as in table 11,

' EMS and MMS were dissoived in ethanot only,

Table {1 represents the effects of optimum dosages of
the chemicals used. DMSO was used as a solvent for
all of the above chemicals. Pretreatment of fibroblast
cultures with DMSO resulted in a small (0~40%), not
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siztistically significant decrease in the titers of inter-
{zron induced by NDV,

ENS and MMS were solubilized in e¢thanol. Pre-
‘reatment of mouse f{ibroblasts with ethanul had no
cifect on the tiicrs of interferon induced by NDV. Pre-
treatment of the cell cultures with EMS had a minimal
effect on the induction of interferon by NDV, while
MMS pretreatment severely decreased the titer of inter-
feron induced by NDV (table I1I).

Discussion

The results of the present study indicate that several
well-known carcinogens, including 7,12-dimethyibenz-
(«)-anthracene, benzo-{u)-pyrene. 2-aminotiuorene,
aflatoxin B,, and the No. 4 fraction of tobacco smoke
condensate, all inhibited the induction of interferon by
NDV. Syyrene oxide, an important industrial chemical,
which was positive in the Ames assay, but negative in
all Bacillus assays done to date, also inhibited the in-
duction of interferon by NDV. Further studies of the
carcinogenic potential of styrene oxide may be required.

DMSQ has been used in clinical trials as a drug for
the treatment of arthritis. However, these trials have
been suspended due to the teratogenic potential of the
chemical {7, 8]. It is of interest to note that pretreat-
ment of cells with DMSO did not result in the signifi-
cant inhibition of interferon induction by NDV,

EMS and MMS are closely related analogs which
differ with respect to carcinogenic potential as deter-
mined by tumor induction {4, 5]. MMS is a highly car-

cinogenic mutagen, while EMS is a rare or weakly car-

cinogenic mutagen. In the present study, MMS strongly
inhibited the induction of interferon by NDV, while
EMS had no significant effect. In a recent study, fibro-
blasts were pretreated with four different forms of
aflatoxin {9]. The degree of inhibition of interferon in-
duction correlated with the proven carcinogenic poten-
tial of the aflatoxin forms, i.c. the more carcinogenic
the form of aflatoxin, the greater the inhibition of inter-
{eron induction. In view of these findings and the pre-
viously reported discrimination between benzo-(«)-
pyrene and benzo-(¢)-pyrene [3] and the presently
observed discrimination between EMS and MMS, car-
cinogens may directly inhibit the induction of inter-
feron.

The mechanism by which carcinogens inhibit the in-
duction of interferon is not known. A toxic effect of
the carcinogens to the ceil cultures does not seem likely,

Barnes Straips. Zovnciteid

since the results of this study indicate that the target
cells are aiive when they fuil to produce interfcrnn.
However, a yeneral ¢ffact of the carcinogens on DNA,
RNA. or protein synthesis and diiferential dosage ef-
fects of putent and weak carcinogens cannot be ruled
out and are the subject of future studies.

Other possible mechanisms include aiteration of the
cell membrune by the carcinogen resulting in reduced
interaction of virus with the cells. Recent studies show-
ing that pretreatment of cells with carcinogens inhibited
the induction of interferon by poly-inosinic-poly-cyti-
dylic acid, a nonviral inducer of interferon [10]. In view
of those studies and the earlier finding that carcinogen
pretreatment does not inhibit the replication of the
viruses used to induce interferon (2}, it is unlikely that
virus~-membrane interactions are severely disrupted by
carcinogen treatment of cells,

Another possible mechanism could involve induction
of a protease by the carcinogen in a manner analogous
to bacterial 'SOS’ repair systems [11]. This protease
could degrade induced interferon, or interfere with the
control mechanisms for interferon induction. The true
nature of the proposed effect of carcinogens on inter-
feron indurtion is the subject of extended studies.

The implications of these studies toward an under-
standing of the mechanisms of carcinogenesis are still
obscure. It is possible to speculate that there may be a
balance between interferon levels and oncogenesis and
that balance may be upset by the action of a carcino~
gen. In addition, if further studies continue to indicate
a differential effect on interferon induction by strong
and weak carcinogens, the effect of a chemical on inter-
feron induction may have some use in determination of
the carcinogenic potential of that chemical.
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IMMUNOPATHOLOGIC OBSERVATIONS IN LIVER ANGIOSARCOMA

Enrique Espinosa, M.D.

Department of Pathology
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Louisville, Kentucky

I. INTRODUCTION

In hepatic fibrosis and angiosarcoma associated with vinyl
chloride exposure of industrial workers, manifestations of the
disease could not be detected in most cases until the procass
was far advanced (1). Normal values of liver function tests
ware reported in a case with significant vinyl chloride hepa~
cic fibrosis (2), and only a small percentage of workers of a
plant unit where seven casgses of liver angiosarcoma were diag-
nosed had abnormal blood screening tests (3). Thus, conven-
tional liver function tests do not appaar to be sensitive in-
dicators of vinyl chloride liver disease. Development of more
sensitive methods for detecting the disease in early stages
would be of great importance. An approach to this may ba pro-
vided by immunologic studies. In such a study the question a-
rises whether the fibrotic and angiosarcomatous livers contain
antigena that area different from those present in normal tis~
sue and whether such changes could stimulate an immunologie
response. The purpase of this study was to search for anti-
genic changss in the angiosarcomatous tissue and to test for
possible presence of an antibody response in the host.

II. PROCEDURES AND MATERIALS USED

A. Patients' Sera and Tissue Specimens

Serum sampies from B.F. Goodrich Co. workers with histor-
ies of vinyl chloride exposure of several years included sam-
ples from two individuals with liver angiosarcoma, ten with
liver dysfunction with fibrosis and ten with normal liver
‘function tests. The patients with angiosarcoma died and the
diagnosis was confirmed at autopsy and portions of tumor and
neighboring liver tissues ware obtained at autopsy. Patients
with liver dysfunction with fibrosis included individuals with

927
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abnormalities in liver function tests and fibrosis detected at
biopsy. Tissues were also obtained from coroner’'s autopsies
of healthy individuals a few hours after death by gunshot
wounds.

B. Tissue Extracts and Antisera

Liver angiosarcoma and adjacent liver tissue and post-mor-
tem tissuas considered to be normal were frozen and stored at
=70°C until used. Portions were cut, thawed and homogenized
in 2-3 volumes of distilled water in a Potter-Elvehjem grinder
in an ice bath until a smooth suspension was obtained. After
centrifugation at 20,000 x G for 30 min, the supernatant fluid
containing the agueous extract was lyophilized. Albino rab-
bits were immunized with the tumor or normal liver extracts in
Freund's complete adjuvant and sera collected and stored fol-
lowing procedures detailed elsewhere (4). Reaction of these
immune sera with human serum or plasma was eliminated by ab-
gorption with 100 mg of lyophilized, pooled normal human serum
/ml antiserum. Antisera were routinely absorbed in this man-
ner prior to use. Additional absorption with tissue extracts
was carried out with 100 mg lyophilized extract/ml antiserum.
Absorptions followed a procsdure described previously (5).

C. Treatment of Tissue Extracts

Enzymatic treatment of tigsue extracts was carried out with
Pronase and trypsin as previously described (6). Periodate
oxidation was done according to Rajam et al. (7). Ammonium
sulfate and cold ethanol fractionations ware carried out as
detailed (8).

D. Immunodiffusion and Immunofluorescenca

Double immunodiffusion was carried out in 0.8% agarose in
phoaphate-buffered saline pH 7.2 (PBS) containing 0.1t aodium
azide. Circular wells, 2 mm in diameter, 3 mm apart were
used. Immuncelectrophoresis was performed according to Schei-
degger (9) using 0.8% agarose in 0.025 M Veronal buffer at pH

In immunofluorescent studies cryostat sections of rat kid-
nay, stomach or intestine and liver (4 microns) were used as
substrate for antimitochondrial, antismooth muscle and anti-
nuclear antibodies. Liver sections from rats exposed 4, 8 and
14 days to 1-2% vinyl chloride for 4 hr/day were also used.
The sections were covered with dilutions of patients' sera for
45 min at room temperature, washed twice in PBS for 10 min and
than coveared with fluorescein conjugated IgG fraction of rah-
bit anti-human immunoglobulins serum (Cappel Laboratories,
Ine.) for 45 min and washed as before prior to examination.
Cryostat sections of liver angiosarcoma-and liver tissue con-
sidered to be normal (4 microns) were washed twice in P8BS for
10 min to wash off nonfixed immunoglobulins. After drying,
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sactions ware scalned with flusreszein conivzssed s frac-

ti2n3 oJ razalt anzi-hunan Igs SQrUR aal giae anzi-auman Igu
serum (Cappel Laboratories, Inc.). Sections were washed as a-
bove and examinad under the fluorescent microscope. Represen-
tative frozen sections were stained with hematoxvlin and ecsin
to allow correlation between immunoflucorescence and the histo-
logical findings. The antigenic preservation of the tissues
was indicated Dy the demonstration of thair staining by anti-
nuclear factor according to the indirect immunofluorescent
procedure.

E. Elution of Tumor-bound IgG

The tumor and liver tissues were extracted five times with
PBS to wash off nonfixed immunoglobulins and then extracted at
pH 2.5 to release pound IgG according to a procedure applied
in the elution of renal-bound antibody (10).

P, Circulating Tissue Antigens

Liver~-specific antigen LSA (8), tissue antigens of wide
organ distribution (4) and bile antigeans (ll) were tested in
the patients' sera by immunediffusion as Zescribed previously.

III. RESULTS

A. Angiosarcoma-related Antigen

To test for presence of new antigens appearing in liver
angiosarcoma, antiangiosarcoma serum was absorbed with human
serum and liver extract and tested by immwunodiffusion with ex-
tracts of both normal liver and angicsarcoma tumor at varying
concentrations. This absorption eliminatsd all reactivity
with liver extracts preparsd from five normal individuals but
not with the angiosarcoma extracts where one line of precipi-
tation remained (Pig. 1l). This line of precipitation could
still be seen after additional absorption of the antiserum
with kidney extract. In contrast, absorption with the tumor
extracts eliminated completsly the angiosarcoma-related line
of precipitation., Absorption with spleen and lung extracts
also eliminated this line of precipitation. Thus, the antigen
appearsd to be of restricted tissue distribution and not an-
giosarcoma specific. The antigen was inactivated by trypsin
and Pronase and thus appeared to be a protein or closely asso-
ciated to protein. Incubation of the tumor extracts for 1 hr
at 4°C in citrats buffer, pH 2.5, resulted in inactivation of
the antigen whareas incubation in phosphate buffer, pR 5.0,
neutrel or alkaline pR up to pH 10.0, did not affect it. The
antigen was shown tc be relatively thermolabile. Incubation
of the tumor extracts for 30 min in PBS at 25" and $6°C did
not affect the antigen whereas incubation at 70°C and higher
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ac
20-30% saturated amfmonium f@kﬁiﬁol concentra-
tions of 30-70% (Table I).

B. Absence of a Normal Tissue Antigen in Angiosarcoma

Antiliver serum absorbed with human serum gave several arcs
of precipitation in immunoelectrophoresis with extracts of
normal liver and angiosarcoma tissue (Fig. 2a). These lines
could not be seen following additional absorption of the anti-
serum with normal liver. 1In contrast, absorption with liver
angiosarcoma extract failed to eliminate one of the arcs of
precipitation (Pig. 2b). Thus, the tissue antigen related to
this arc of precipitation appeared to be absent in the angio-
sarcomatous tissue whereas the antigens corresponding to the
other arcs were present. The absent antigen in angiosarcoma
was shown to he present in kidney and lung extracts in addi-
tion to liver by absorption and direct immunodiffusion tests.
Physicochemical characterization studies indicated this anti-
gen to be unaffected by Pronase and trypsin and inactivated by
periodate treatment. The antigen was relatively thermostable
withstanding incubation at 70*C for 30 min in PBS. The anti=-
gen was destroyed following incubation of the liver extract in
citrate buffer at pH 2.5 or lowar for 1 hr at 4°C; incubation
at pH 5.0 or higher (up to pH 10.0) did not affect it. Thix
antigen precipitated over a wide range of ammonium sulfate and
ethanol concentrations (Table I).

C. Angiosarcoma-bound IgG

IgG fluorescent staining appeared in a linear pattern in
the peripheral portion of the tumor cells suggesting in vivo
binding by the tumor of the immunoglobulin. This staining is
illustratad in Pig., 3. Fig. 4 shows the angiosarcomatous
cells surrounding irregular vascular spaces. Relatively
¢oarse, linear fluorescence was also present along some hepa-
tic cords and strands of connective tissue. There was no ev-
idence of IgM. Control post-mortem liver tissue did not show
any significant fluorescence of bound IgG. Staining for 1gG
of the tumor sections did not change after several washings at
PH 7.2 indicating that the IgG was firmly bound to the tumor.
In contrast, sections showed marked diminution of staining
after washing at pH 2.5. Elution of bound IgG from saline-
extracted tumor homoganates was thus attempted at acid pH.
With the five successive saline extractions the amount of sa=-
line soluble IgG gradually diminished to nondetectable levels;
and at acid pH bound IQG was released from the homogenate,
Similar treatment of liver homogenates did not demonstrate
presence of bound 1gG (Table II).

D. Cireculating Autoantibodies and Tissue Antigens

Serum autoantibodies to nuclei, nitochondria and smooth
muscle were negative in all patients examined. 1In addition,
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serum from these patients did not show reactivity with liver
irom rats exposed to vinyl chloride. Liver-specific antigen
L5A (8), bile antigens (l11l) and other tissue antigens (4) as-
sociated with liver damage were not detected in these pa-
tients.

IV. DISCUSSION

The immunologic characteristics of cancer have bsen under
intense investigation during recent years, and antigenic dif-
farences batween normal and malignant tissue are considered to
be fundamental factors in the immunologic approach to cancer
therapy and diagnosis. Liver angiosarcomatous tissue was thus
analyzed in this work for presence of nsoantigens, normal tis-
sue antigens and tumor-bound immunoglobulins. Several normal
tissue antigens were found by immunodiffusion to be present in
the tumor, but one antigen of rather wide organ distribution
was not detected. These findings are in agresment with obser-
vations in other tumors indicating that tumor cells contain
many of the antigens of their original hosts and lack some
normal tissue antigens. For example, immunohistochemical
studies have shown the loss of kidney antigens in stilbestrol-
and x-ray-induced kidney tumors (12), of skin antigen in J3-
methylcholanthrene=induced mouse squamous cell carcinoma (13)
and of certain muscle antigens in 20-methylcholanthrens-in-
duced rat rabdomyosarcoma (14). By far the most extensively
studied class of tumors are the chemically induced hepatomata
where deletion of liver antigens have besen shown in tumors in-
duced with 4-dimethylamincazobenzene (15, 1§), diethylnitrosa-
mine (15) and 2-acetomidofluorene in the rat (15, 17) and o-
aminoazotoluane in the mouse (18). In human carcinoma, loss
of, antigens have been raported in squamous cell carcinoma
(12, 19), loss of the ABH blood group iscantigens in some /
solid tumors (20, 21) and of HL-A isoantigen in lymphoma (22).
In addition, it has been well documsnted that as cells trans-
form from a normal state to malignancy they may gain new anti~
genic specificities. Tunor-spccitic transplantation antigens
have been damonstrated in a number of experimentally induced
tumors (23-26) as well as in spontaneous tumors in man (27~
29). In the presant report immunodiffusion analyses of liver
angiosarcoma and other human tissues with rabbit antiangiosar-
coma serum did not indicate the presence of a tumor-specific
antigen but rather of an antigen found in lung and spleen but
not in liver and kidney. This antigen is being further char-
acterized in our laboratory.

Of particular intsrest is the demonstration of tumor-bound
IgG by immunofluorescence and elution sxperiments. This find-
ing must however ba interpreted with caution and should be
confirmed in biopsy specimens. The tumor-bound 1gG may repre-
sent specific antitumor antibody, antibody fixed by the tumor
tissus “nonspecifically” or part of both., Further speculation
is premature until it has been shown that the staining pattern

-
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is dye to the deposition of a specific antibedy, that the elu-
ted antibody is specific or until the relevant antigen has
been identified. Work is in progress to determine the precise
significance of the finding of IgG in the tumor.

V. SUMMARY

Immunodiffusion analyses of human liver angiosarcoma asso=-
ciated with vinyl chloride exposure indicated presence in the
tumor of an antigen not detected in normal liver and kidney
but found to be present in lung and spleen. This antigen was
shown to be a protein, inactivated by Pronase and trypsin,
relatively susceptible to heating and to acid pH and precipi-
tated mainly at 20-30% saturated ammonium sulfate and at 30-
70% ethanol concentrations. The tumor was shown to contain
several antigenic constituents of normal tissue but one normal
tissue antigen was not detected. This antigen was character-
ized as a substance unaffected by Pronase and trypsin and in-
activated by periodate. It was relatively thermostable, af-
fected by acid pH and precipitated over a wide range of ammon-
iuym sulfate and ethanol concentrations. Tumor spacimens ob-
tained at autopsy contained bound IgG as shown by immunofluor-
esgcence and elution experiments suggesting possible in vivo
binding of IgG to the tumor,
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TABLE I. Angiosarcoma-related Antigen and Antigen Absent
from the Tumor in Ammonium Sulfate and Ethanol Fractions

a
Presence of

Fraction tested Angiosarcoma-raelated Antigen absent frem
b c
antigen Angiosarcoma

Ammonium sulfate:

0=-20% saturation + -
20-30% saturation e +
30-50% saturation - b
50~70% saturation - -
Ethanol:
0~20% - -+
20-30% - L
30=-50% - Py
50-70% ++ b
4
SN - +
a

+++, 44, + indicate strength of double diffusion reaction
in dilution assay.
b
Detected in angiosarcoma fractions.
c
Datected in liver fractions.
a

SN = supernate of the 70% ethanol precipitation, dialyzed
and lyophilized.
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TABLE II. IgG in Saline and Acid Extracts of Angiosarcoma
and Liver Tissuas

Weight solid extracted from

Preparation tested 1 gm (wet weight) tissue Presence of IgG

(mg)
Angiosarcoma:
Saline extract 1 29.8 b
Saline extract 2 8.6 N
Saline extract 3 6.2 +
Saline extract 4 5.6 -
Saline extract 5 6.1 -
Acid extract 6.1 -
Liver:
Saline extract 1 47.4 e
Saline extraet 2 14.5 -+
Saline extract 3 8.6 +
Saline extract 4 7.4 -
Saline extract 5 6.4 -
Aclid extract 9.0 - -

a

Tested by immuncdiffusion at concentrations of the aeluates
ranging up to 2%. Present at concentrations 0.05=0.1% (+++);
0.2=0.5% (++); 1=2% (+); negative at 2% (~).
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F1G. 1. Cemonstration of angiosarcaoma-related antigen, Peripheral wells
have 2-fold serial dilutions of liver angiosarcoma extract (a) and normal
liver extract (b). Dilutions are clockwise and start at 100 mg/ml in the
upper right well. Central wells in each plate contain rabbit antiangie-
sarcoma sermm absorbed with normal human serum and liver extract.

F1G. 2. Demonstration of tissue antigen absent in angiosarcoms. (a)
Trough contains rabbit antihuman liver serum absorbed with norms]l human
ssnum. (b) Trough contains the antiliver serum additionally absorbed with
angiosarcoma extruct. In both plates top wells have 10% solution of liver
extract and lower wells angiosarcoma extract. Anode is to the righe.
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FIG. 3. Immunoflucrescent staining of liver angjosarcoma by fluorescein
. conjugated IgGC fraction of rabbit antihuman IgG senm (x 400).
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Circulating tissue antigens

III. IDENTIFICATION AND CHARACTERIZATION OF
ANTIGENS OF LIMITED AND OF WIDE
BODY DISTRIBUTION IN HUMAN GALL BLADDER BILE.
PRESENCE IN SERUM OF PATIENTS WITH ACUTE HEPATITIS*

F. ESPINOSA Department of Pathology, University of Lonistille Schoel of Medicine, Louistille, Kentncky, U.S..4.

(Recerved 19 January 19176)

SUMMARY

Three antigens shared by bile and tissues (BT-1, BT-2 and BT-3) and one shared by bile and
saliva (BA) were identified in human gallbiadder bile by immunodiffusion. The former were
detected in all bile specimens examined, whetcas the latter was detected oaly in half. BT-1 was
limited in distribution to kidney, urine and bile; whereas BT-2 and BT-3 were widely distributed,
mainly in liver, kidney, lung and bile. The antigens were not present in biles of other mammals
tested, with the exception of BA which was also present in Rhesus monkey. All antigens were
inactivated by Pronase, had relative electrophoretic mobilities of serum globulins and separated
from each other in Sephadex G-200 gel filtration and ammonium sulphate fractionation. Echanol
inactivated BT-1 and precipitated the other antigens. BT-2 and BA were refatively resistant to
boiling temperature and acid pH, whereas BT-1 and BT-3 were susceptible. Antigens BT-2 and
BT-3 were detected in serum of paticnts with acute hepatitis but not of patients with other
diseases or of normal controls.

INTRODUCTION

In earlier work both normal scrum proteins and proteins apparently specific o the biliary tract have
been identified in bile (Rawson, 1962; Hardwicke er ul., 1964; Clausen, Kruse & Dam, 1965; Yoon,
Shim & Kil, 1966; Wales er al., 1969; Englert, Wales & Straight, 1970). Yoon ¢ al. (1966) and
Englert ¢¢ al. (1970) demonstrated by immunoclectrophoresis that rabbit antihuman bile serum ab-
sorbed with normal human serum was reactive with as many as three or four antigenic components
of human bile. These antigens were considered to be bile-specific although a relationship to other body
fluids and tissues was not investigated. We became interested in this relationship after finding that two
of the tissue antigens dctected in serum of patients with hepaticis (Espinasa, 1974) related to antigens in
bile, as demonstrated in the present work. The primary objective of this investigation was the identifi-
cation and characterization of both bile-specific antigens and antigens shared by bile and tissues.

MATERIALS AND METHODS

Body fnids, tisswe extracts and patients’ sera. Human gailbiadder bile and tissues considered to be normal at post-mortem
examinstion were obtained from coroner's autopsies of cight adult subjocts within a few hours after death, Animal hile was |
obtained immediately after killing. Bile was contrifuged at 12,000 g for 30 min at 4"C. The supernste was lyophilized and
kept in 2 desicoator until tested. Tissue saline extracts were prepared as previously described (Espinosa & Kaplan, 1970).

® Presented in part at the 39th Annual Mecting of the Federation of American Societics for Experimental Biology, Atlantic
City, New Jersey, April 1975,

Correspondence: Dr Enrvique Espinoss, Department of Pathology, University of Lovisville School of Mcdicine, ealth
Sciences Center, Louisville, Kentucky #0201, U.S.A
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Urine and saliva specimens were provided by five normal adults, Urine was dialysed against distitled warer and Iyophilized.

Saliva was Iyophilized. Serum samples were obtained from patients at Louisville’s General and St Aathony Hospitals

within the first week of haspitalization. OF the thirty-three patients tested, cighteen had acute hepstitis (five virus A, seven

virus B, five alcoholic amd one carbon setrachloride intoxication), four liver cirrhosis, two obstructive jaundice, two liver

angiosarcoma, five pneumonia and two pancreatitis, Scrum samples frafd forty-cight normal blood donors were obtained

from the Jocal Red Cross blood centre. Samples were tested by doubie immunadiffusion as soon as obtained and kept frozen
= 35"C when further testing was contemplated.

Preparation of antisers. Lyophilized hile and saline extracts of liver, kidney and candise and skeletal muscle were each
dissolved in saline in 2 concencration of 20 mg/mi and emulsified in an equal volume of Freund's complete adjuvant. Albino
rabbits were given weekly injections as follows: first injection, 0-4 mi of adjuvant mixnire in the four footpads intradermaily;
second and thind injection, | mi int-amuscularly, divided botween two sites; fourth injection, 1 ml of the exrract solution
(20 mg/ml) without adjuvant given intrageritoneally. Scrum was prepured from hlood withdrawn just priar to immuniza-
tion and 10-15 days after the last injecrion; serum was stored frozen untl used. Reaction of these antisers with normed human
serum and plasma was eliminsted by absorption with 100 mg lyophilized, pooled normal human serum/ml of sntiserum.
Absorptions were is previously described (Espinoss & Kaplsna, 1968). Such absorbed antisers were used reutinely in this
work except as otherwise indicated. Both absorbed and unsbeorbed preimmunization sers gave no resction with either
body fluids, tssue extracts or patients’ sera in iramunodiffusion tests.

Double immunadiffusion and immunselectraphoresis. Double immunodiffusion vas performed in 0-8%/ syarose in PBS, pilt
7-2, connaining 0-1% sodium azide. Circulsr wells 2 mm in dismeter, 3 mm apart, were used, Immunodiecrophoresis was
performed according to Scheidegger (1955) using 0-8%/ agarose in 0-025 m Veronal buffer ac pH 82, The decu'ophorm
was carried ouc with ice-cooling at $ mA/slide for 120 min. Both the double immunadiffusion and imm:
platcs were incubated for 48-72 hr. Plates were then washed in the cold with daily changes of saline for 4-5 days and then
photographed.

Fractionation of bile. Sephadex G-200 ged filtration of 1 ml of 2 10%7 solution of lyophilized bile in PBS was performed az

4*Cin an 85 x |5 cm column. PBS containing 07027, sodium axide was useil as cluant at 2 flow rare of 5-6 mijhe; fractions
of 2 ml were collected, In some cases, antigen-containing fractions were concentrstod by lyophilization,

Ammonium sulphate and cold ethanol fractionations were carried out scoording to procedures decsiled previously (Espinosa,
1973).

Treatmens of bile. Trentment of the bile solution (100 mg/ml PBS) with Prosase wes carried out with the enzyme, § mg/mi
P8BS, st 37°C for 24 hr. Controls inchided samples without enzyme, with enzyme but without incubstion and with enzyms
alone. .

The effoct of pH was tested by incubating solutions of lyophilized bile in citrate buffer at pH 2+5 and 3-5 and phosphure
buffers as pH 50, 740, 9-0 and 10-0 for | he a1 4°C. Precipitarion occurred at pH 2-5, For andigen testing, pH was adjusted o
neutrulity which brought precipitated material into solution.

RESULTS
Immnodiffusion analyses of bile

The cight bile samples were tested ar varying concentrauons with antisera to bile, kidney, liver,
skeletal muscle and cardiac muscle by double immunodiffusion. With the antibile serym, all the bile
samples gave 2 line of precipitation corresponding to the antigen designated BT-1; half of the sampics
gave an additional line related to the antigen referred to as BA. This is illustrated in Fig. 1. The BA line
was thinner, continued to show at higher dilutions of bile and was closer to the antiserum well than the
line of BT-1. Identity of each of these antigens detected in individual bile samples was demonstrated by
the complete fusion of their corresponding lines of precipitation.

The antikidney serum gave one line with all sumples. The antigen related to this line was shown o~
correspond to BT-1 as follows. This line gave a reaction of identity with that of BT-1 given by the ant-
bile serum (Fig. 2); and bodh lines were eliminated following absorption of the antiscra with either bile
or kidney extract.

The antiliver serum gave two lines with all sampies. These lines relate to antigens designated BT-2
and BT-1. The BT-2 line of precipitation is closer to the antiserum well than that of BT-3 (Fig. 3).
These lines did not fuse with that of BT-1 or BA and, thus, appeared unrelated to these antigens, In
addition, BT-2 and BT-J separated from each other and from BT=1 and BA in immunoclectraphoresis
and Sephadex G-200 gel filtration, as indicated below,

Antisera to skeleral and cardiac muscle were unreactive with bile.
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F1c. 1. Demonstration of bile sampies containing antigen BT-1 (2) and antigens BT-1 and BA (b). Periphera
weils have rwoefold serial dilutions of human galibladder hile C75.180 (3) and C7+4=183 (b). Dilurions are
clogiwise and starr ac 100 my, mi in the upper right well. Central wells in each plate contain antibiic serum
(AS~42). In this and succeeding tests, antisera were nonreactive with human serum and plasma constituents after
speafic absorpuon,

Fre 3.

Fig. 2 Demonwuration of identuy of antigen BT-1 detected by antibile and antikidney sera. Well | contains
antibile serum (AS«42); 2, antikudney serura (A35-38); and 3. 10, solution of hile C74-180.

Fie 3. Double immunodiffusion test showing bile antigens BT-2 and BT-3. Peripheral wells contain, deck-
wise, two={old serial dilutions of bile C74-180, staromg 2¢ 100 mg!mli in the upper right well. Cencrsl well
containg antiliver serum (AS-30).

F16. 4. Immunosicurrophoresis of bile Ci4=183. Wells in buth plates contain 107, solution of bils C74-181.
(s) Trough has anabile scrum (A5=+42). (b) trough has analiver serum (AS-30)
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Fig. 5. Sephadex G-200 gel filtration of bile C74=183, See Materials and Methods secrion for details.

All these antigens separated from each other and moved towards the anode in immunoelectrophoresis
(Fig. 4). Their electrophoretic mobilities ranged between that of alpha- and beta-serum globulins.

Separation of the antigens of bile was also accomplished in Sephadex G-200 gel filtration. BT-] was
detected close to the void volume of the efluent and BT-3, BA and BT-2 eluted later, in that order (Fig.
5). BA was detected over a wide zone, both in immunoelectrophoresis and gel filoration, indicating

molecular heterogeneity.

Occurrence of antigens in tissues and body fluids

The relative amounts of lyophilized preparations of tissues and body fluids required in absorption
tests to abolish the precipitin lines of antigens BT-1, BT-2, BT-3 and BA were compsred—the more
absorbent required, the less antigen it contains (Table 1). These results indicated that BT-1 is present
in bile, kidney and urine; BT-2 and BT-3 are widely distributed mainly m liver, kidney, lung and bile.
BA wasdetected in half of the biles examined and also in the saliva of three outof the five normal subjects

Tamk I. Relative amounts of rissue extract and body fluid
preparstions required for abworption of precipitin lines of
antigens BT.1, BT-2, BT-3 and BA

Minimal weight sbsorbent (myg/mi antiserurm)
effcctive in abolishing prwcipicn line

Absorbrent BT-1 BT-2 BT.3 BA

Liver u 5 5 U
Kidnaey 20 5 2 U
Spleen U w W U
Lung u w 20 U
Ski. muscie v U U V]
Heart u U v U
Uterus u 50 u u
Bile 50 50 20 L]
Urine® 30 U U v
Saliva” U U U 50

Antiscrs aliquots were absorbed with tissee exract of body
fluid preparations (up ro 50 my/ml antiscrum) and tested with
bile.

U = unaffecred line of precipitasion; \W = weakened line of
precipitation.

* Obtained from live donors
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Tagte 2. Bt of temperatur.

Temperature
(30 min in PHS)

IAn‘u'tln 25°C 6°C  70°C  100°C

BT.1 4 - - -
BT-2 -+ ~ - -+
BT-3 +- - - -
BA - - " -

+, Umffected; &, partial inactivation; -,
complete imactivation,

tested. This distribution of BT-1 2nd BA was corfiemed by direct immunodiffusion tests of body Juids and
tissue extracts with the antibile serum. Occurrence of BT-2 and BT-3 could not be studied by direct
testing $ince the antiliver serum reacted with other tissue antigens not detected in bile.

Species specificity studies

In order to srudy the species distribution of the antigens, the antisers were absocbed with biles of
various mammalian species and tested against two-fold dilutions of human bile. Absorption of the anti-
sera with human bile abolished reacrion with all antigens (with the exceptinn of BA if biles not containing
BA were used), thus confirming their presence in humans. In contrase, absorpdon with pig, dog, cat
and guinea-pig biles did ot significantly affect any of the lines of precipitation. Absorption with Rhesus
monkey bile abolished oniy reaction with BA, thus indicating the presence of an immunologically related

; antigen in this species. These findings were confirmed by direct double immunodiffusion tests of the
animal biles: none of the antigens could be shown, except BA which was demonstrated m monkey bile. .
However, immunodiffusion parrerns comparing the reaction of human and monkey biles showed a line
of fusion with a spur consistent with partial identity or a cross-reactive relationship of the BA from the
two species.
Physicockemical properties '

Treamment of bile with Pronase resuited in loss of the lines of precipitation given with the antisera.
In the conrrols with no enzyme and with enzyme but without incubarion, the antigens remained reactive.
The control with enzyme alone was unreactive. This suggests that the bile antigens are proteins or
closely associated to proeein,

In order to study the effect of heating on the bile antigens, a 109/, solution of bile in PBS was incubated
ar various temperatures for 30 min and tested with the antisera. As indicared in Table 2, BT-1 and BT-3
were relatively susceptibie to heat treatment; in contrast, BT-2 and BA withstood boiling temperature.

All antigens were unaffecred by treatment with neutral or alkaline buffers up to pH 10-0. Buffer at
pH 5-0 partially inactivated BT-1 but did not atfect the other antigens. Treatment at pH 2:5 and 3-5
resulted in complete inactivation of BT-1 and BT-3 and parmial inactivation of BT-2. BA was unaffecred
even at pH 2.5.

As shown in Table 3, BT-1 was precipitated at ammonium sulphate concentrations between 30 and
0%, of satursdon, BT-2 at 70-1(!)‘/. and BT-3 at 30-50%. BA precipitated over a wider range of .
ammonium sulphate concentrations.

Treazment with ethanol (Table +) resulted in imactivation of BT-1; the ather antigens precipitated
mainly at ethanol concentrations ranging from 30 to 70%,.

BT-2 und BT-3 in patienss’ sera
Serum samples from thirty-three patients and from forty-cight normal bloud donors were examined
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Antigens in bile , 415
Tamz 3. Antigens in (NH,); S0, fractions -

(NH.),50, fractions (% sarursted)

Antigen  0-30  30-30 50-70 70-100 SN*

BT-1 - b - -
BT-2 - - - ++ -
BT-3 - + - - -
BA - ++ e+ -~

++ -+, ++, + Indicars strength of double diffusion
resction in dilution assay.
* SN = supernate of the 1007/ saurated solution.

Tamz 4. Antigens in cthanol fracions

Erhanol fractions (v/v%4)

Aoigen 0-30 30-70 SN*

BY-1t - - -
BT-2 + ++ t
BT-3 - +4 -
BA - 44+ 4+
+ 44, ++, +, £ indicate strength
of doubls diffusion reaction in dilution
My,

* SN, supermate of the 705/ ethacol
t Echanol suscepdble.

Tamx §, BT-2 and BT-3 in patienzs’ sers

Number of cases  Number of cases
with circulsting  with ciroulsting

Grosp Nursber of cxser BT-2 BT-3
Acucs haputitis:
infecsions H 4 4
srum 7 & 6
alcoholic 5 4 ' 4
carbon tetrachlovide 1 | 1
Liver cisthosis 4 0 0
Obwtructive jsundice 2 0 0
Liver angiossrcoma 2 ] 0
Poeumonia s 0 0
Pancreatitis 2 ] 0
Normal subjects 4 0 0

for the presence of the bile antigens by double immunodiffusion. BT.1 and BA could not be detccted
in any of the serum samples. As indicated in Table 5, BT-2 and BT-3 were detected in sera of most cases
with scute hepatitis but not in other liver discases, pncumonia, pancreatitis and normal subjects. 1dentity
of antigens BT-2 and BT-3 detected in bile and patients’ sera was shown by the fusion of their lines of
precipitation and by their elimination following absorption of the antiliver scrum with bile.

-
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The present data have demunstrated presence in hile nf antigens of 'mizad 2nd of wide body distribution,
Of limited body distrtbution was antigen BA, detected in bile and saliva of certain individuals, and antigen
BT-1 found to be present in bile, urine and kidney. A wide body distribution was shown by antigens
BT-2 and BT-3 which were detccred in bile, liver, kidney, spieen and lung.

Antigens previously demonstrated in bile include both normal serum proteins and apparently bilee
specific proteins (Rawson, 1962; Hardwicke e uf., 1944; Clausen er i, 1553; Yoon et al., 1966; Wales
et al., 1969; Englert ¢z al.,, 1970). The reported number of bile proteins grew with increasing sensitivicy
of the techniques employed from fuur, by paper clectrophoresis (Verschure, 1936; Waics er o/, 1969), 1o
up to sixteen total proteins and four specific bile proteins, by disc electrophoresis combined with
immunodiffusion ind immunociectrophoresis (Englert et al,, 1970). Three ‘bile-specific protein com=
ponents’ were identified in human bile by Yoon er al. (1966) and up to four by Englert e al. (1970) by
immunoelectrophoresis using rabbit antthuman bile serum absorbed with normal human serum, Since
other body fluids and rissues were not tested, these studies did not sule out the possibility that such
antigens are present in other body fluids and tissues as well as bile. Of the components identified by
Yoon et al. (1966), one (alpha-1 biliprotein) moved slower and another (biliprealbumin) faster than
serum albumin in immunoelectrophoresis; a third component (biliproalbumin) moved as serum albumin.
One of the antigens described by Engiert er a/. (1970) moved as biliprezlbumin and the three others in
the post albumin zone which includes the serum globulins. The antigens described in the present work
bad immunoelcctrophoretic mobilities ranging berween that of alpha- and beta~serum giobulins and thus
may relate to the antigens described previously in the post-aibumin zone. Antigens wich albumin and
prealbumin electrophoretic mobilities were not detected in this work. Neither was evidence obtained of
antigens with strict specificity for bile. However, one bile antigen (BA) was found to be shared with
saliva only. This antigen was noc searched for in saliva in 3 prelimimary study and was, thus, considered
t0 be present in bile only (Espinosa, Sheiton & Shaw, 1975).

The antigens described in this work separated from each other in Sephadex G-200 gef filtration and
ammonium sulphate fractionation and, thus, appear to be distinct and different molecular endties. Both
methods are being employed for their purification and isolarion. All antigens were inactivated by Pronase,
suggesting that they are proteins or clasely associated to proceins. In addition, they were precipitated at
70%, ethanoi concentration, excepring BT-1 which was inactivated by ethanol and was generally rather
labile. In contrast, BT-2 and BA were relarively resistant to boiling temperature and to acid pH.

Of special interest to liver disease is the finding of BT-2 and BT-3 in the biood of patients with acure
hepacicis. These antigens are part of 3 group of circuiating tissue anrigens of wide organ distribution
which have been found to be present in padents with liver injury (Espinosa, 1974). Two more of these
antigens, referred to0 a8 CTA-2 and CTA-3, have been recently characterized (Espinosa, 1976). CTA-2 is
1 procein with a reladve electrophoretic mobility of 2 beta-serum globulin snd molecular weight in the
range of 67,000-80,000; CTA-3 moves in immunoelectrophoresis like an alpha-1-serum globulin, is
resistant to Pronase and behaves like 2 protein of molecular weight of about 300,000. Other circulating
tssue :nngml detecred in liver disease inciude the following liver-specific antigens: (z) F-antigen of wide
interspecies cross-reactive properties (Bodmer, 1969; Rosenmund, 1971; Smith & Iverson, 1973);
(b) a procein located within the cytoplasm of hepatucytes and of molecular weight of about 190,000
(Meyer zum Biischenfelde & Miescher, 1972); and (¢) LSA, a protein of eiectrophoretic mobility of
serum gammaglobulins and molecular weight in the range of 82,000-93,000 (F.tpmm, 1973). Signifi-
cance of these findings in the pathogenesis and clinical assessment of hepsnm is worth investigating.
These studies should include correlations of the levels of these antigens in diseases of the liver and of
other organs and investigation of their autoimmunogenic properties. The possibility that bile antigens
are related to autoimmune liver disease is suggested by the demonstration of cell-mediated immune
response to a protein fraction of human bile in patients with primary biliary cirrhosis and active chronic

heparits (Eddleston er af., 1973).
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with automatic computer calculation of PDR. Liver histology was normal
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false negative. The 0.5 mg/Kg dose of ICG correctly indicated liver status in
80% with no false positives, but failed to indicate liver dysfunction in 20%.
However, at the 5,0 mg/Kg dose, all cases of liver dysfunction were detected.
Ear densitometry values were essentially the same as blood valu s, Ear
densitometry with electronic calculator allows a dye clearance d termination
over 10 minutes without drawing blood. This data demonstrates an effective
eans for early detection of industrial chemical hepatotoxicity.
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Increases in key glycolytic enzymes paralleling hepatoma
tumor growth (Heinrich, et al., FEBS Letters, 42:145, 1974)
and decreases in key gluconeogenic enzymes prior to and with
the development of hepatomas (Isok, et al., Voprosy. Med. Xhim
19:568, 1973) have been shown. We exposed adult Sprague-
Dawley rats teo 10,000-20,000 ppm of vinyl chloride (VC), 4-8
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induce liver injury and angiosarcowma formation. Glucose—6é-
phosphatase, a key gluconeogenic enzyme in the. liver micro-
somal fraction, decreased 257 over control (P<0.05 from coa-~
bined data). Other microsomal proteins and enzymes related to
VC metabolism, i.e., P450, NADPH-cytochrome ¢ reductase and
mixed fyncticn oxidase were unchanged in the same microsomal
fraction with no differences in eicher mitochondrial cyto=
chroms oxidase or blood transaminases. The decrease in glu-—
cose-6-phosphatase is similar to the lower gluconeogenic
enzyma findings in hepatomas. This may reflect an increase in
glycolysis and ribose-5-phosphate produccion associated with
de novo purine biosynthesis prior to tumor development, inhi-
bition in enzyme synthesis, or increased breikdown due to VC
exposure. Work is under way to determine the mechanism. The
decrease in glucose-6-phosphatase may be an early biochemiczl
lesion usable as an indicator of liver injury assoclated with

the subsequent development of angiosarcoma. (B.F.Goodrich Grant)’
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ELEVATED GLUTATHIONE CONTENT, GLUTATHIDNEQQP?BANB&SgégEnéﬂb
GLUTATHIONE REDUCTASE IN LIVER OF RATS EXPOSED TO VINYL
CHLORIDE Du, J.T.* and Tamburyrg, C.H.* (SPON: McGeachin, R.
L.) Dig. Dis. & Nutr. Sect., Dept. Med., Cancer Center, Univ.
Lou, Med. Sch,, Lou., Ky., 40232

Vinyl chloride (VC) is believed to be metabolized to chloro~
ethylene oxide (CEO) and chloroacetaldehyde, and detoxified by
way of glutathione. Rats were exposed to 28,000 ppm VC, 7 hrs/
day, 5days/wk for 4 and 6 weeks, the activity of glutathione
epoxide-S-transferase (GEST) was elevated 30 to 54% over
normal control and air control (9.71+ 0.68 vs 7.52+ 0.97 and
6.30+ 0.68) respectively. However, the activity of glutathione
aralkyl-S-transferase (GAST) was not significantly elevated
until 6 weeks of exposure to VC. The content of reduced
glutathione was also elevated 452 in the VC treated group and
the activity of the glutathione reductase, the enzyme to re-
generate glutathione from the oxidized form was elevated 50%.
These results demonstrate that VC exposed rats have the capa-
city to maintain glutathione reductase activity and glutathione
concentration for detoxification. Further, it suggests that
the primary route of VC metabolism is initial oxidation to
CEO and then detoxification by GEST directly. With longer
exposure and probable saturation of the direet- route, there is
greater rearrangement of CEQ to chloroacetaldehyde, and de-
toxification with glutathione as supported by the delayad in-
duction of GAST (Supported by a grant from Manufacturing.
Chemists Association). - -

Standard projectors for 27 x 2" and
3% x 4" slides will be available in ail
slide sessions. Other audio-visual aids
can be provided at cost if the request
and justification accompany this ab-
stract. Authors will be billed following
the meeting.

All compounds that are designated by code or initidl lerters must be identified adequately
in the abstract, e.g., M1-1999: 4 2-isopropylamino-1-hydroxyethyl) methanesulfonanilide
hydrochloride,

MAILING ADDRESS OF FIRST AUTHOR

( Please print or type )
Du, Julie T.

..................................

..................................

...................................

............

Each Abstract Form submitted MUST BE SIGNED by 2 member
of the American Society of Biological Chemists.

Telephone No.:'Area Code. .302 . %, .588=3290, .. ......
Msil to:

"""" Russell J. Hilmos, Executive Officer
Amarican Society of Biological Chemists
9650 Rockvills Pike

Bethasda, Maryland 20014

CMA 003319




ASPET/SOT 1032
Louisviiie, Xeniucihy

Sarua Bila Acids (S3A) Screaning Far Chexd

William vaddall).

Carvy Lias* and Carlo H., Tardurwox (570N:

NIQOSH Repars Taft Laboratory, ciznzim., Cd. & Livar lzsaearza

Center,
Deadline (or Receipts May 7, 1982

Standard liver tests have limiced abilirv co ‘arec: larann
Yaalry Pars=ect, 1991 &L1:117.1120

spstract Processing Fee: $20.00 Y14:a= dizazse (Eaviren.

Div.. Occupational Health, Daptg. of D”.*di:ine i Com-
municy dealth, Univ. of Louisville, Lou., Ky.

Serum bile acids are more sengitive indicators of livar in-

Selact Catagory Numbers and Titles

{3ee ust aver) Jury.

1. 26 dence of chemical injury (Gastroenterology 1979; 77:433); 15
79 had chemical liver digsease (CLD), 27 nonchemical liver dizease
2 - (NCLD) & 25 had normal biopsies (NBX)., Fasting SBA-cholylgiy-

Presentstion Preferencs

_ Poster
X Oral (slides)
— Indifferent

ars,

if your choice is not available

£ willingly sceept the alternative
_ Grudgingly accept the alterative
. Withdraw the abstraet

results.

Poster boards are 6' wide x 4' high.

Prepare your abstract carefully, It will be printed Dy
phato-offset exactly as received. See the exampie (over)
for lay-out and style.

For elite typewriters (12 pitch), set the margins at 368 end
98 (62 spaces). Use 293 lines. For plen typewriters (10
piteh) set margins at 30 and 31 (51 spaces). Use 23 lines.
The {irst typed letter should nearly or just touch the top
and left type box (blue margin lines).

Title. Leave no margins. Use & short, descriptive title
Use ypper and lower case letters.

Authorship. Underiine names. Place an astarisk® after
the name of ea not a membaer of ASPET or SOT,
If no author is a member, typs the following aftar the
name of the last authort (SPON: sponsor's namae).
Caontinue on the same line with the authors' institutional
affiliation(s), city, state and zip code.

Text. Start the text on the next line, indenting 3 spaces.
Subsequent lines shouid extend the entire width of the
type box. The taxt should have all of the elemmts of a
report: introduction, mathod, result(s) and conclusion. It
is improper to substitute "The resuits will be discussed”
for the resuits and conclusion. Adequately identify all
chamical compounds usad.

Do oot foid abstrast. He ceftain atstract is prepared
securely {or mailing. All subsaquent ce must

re{erencs the first suthor to enable us to identify the
abstract.

Mailing label for reprints (Name and Addressh

CMA 003320

+ 0.88 ug/ml, respect:ively.

~|na-‘ am T el

During the medizal surveillance of 1C0 azflzal wosh-
ers 67 liver biopsies were {nvestigated for histological evi-

cine (CG) & conjugates of cholic acid (CCA) were studiad by
1251.radioimmunoassay in these groups and 416
Mean + S.E.M.
groups were 95,17 + 28.75, 27.25 + 4.43, 34.60 + 7.13 & 14.9
Analysis of variance showed sig-
nificant differences (p<0.035) in the 3 biopsy groups; p<0.001
for all 4 groups.
ant in CG levels of the NBX (p<0.02).
ence in CG levels in NCLD and NBS groups;
Fasting SBA showed promise in dececting latent

chemical liver injury.

“normal” work-
for CGC in the CLD, NCLD, NBX & normal

The CLD values were significantly differ-

CCA: showed gimilar

The Program Committee selects chairmen and overview-
ers from volunteers. See below.

Pirst author phone #: ;sggz ;gg—;;;;
Membership of author or W\m X
1. Member signatura AN
e
2. Name (Type or print) Wi{llﬂm Waddell, M.D.
1. Will you chair & session? _ano
Will you give a 1§ minuts overview?

_yu:lno; In what category
Mail the original, 3 coples, a salf-addressed post card for
program conflirmation and 1 check to Kay A. Croker,
Acting Executive Officer, ASPET, 9650 Rockville Pike,
Bethesda, MD 20814, USA.
Ragrints cost $15 per 100, lota of 100 only. Ovder below

In what catagory

and fill in the mailing label, below lsft.
Invoice
Abstract Procamsing Pee $ 20.00
Reprints: Quantity ardered _ costs
TOTAL $
————D

Mailing label to the first suthor (Name and Address):

- e

dcal Hapaworouizicy.

No significanc differ-

(3]

-




ik

FORM FOR ABSTRACTS TO BE PUBLISHED IN GASTROENTEROLOGY

- 7
Type Abstract in Space Below
Check the most appropriate cate- TYSSUE AND URINARY GLYCOSAMINOGLYCANS (GAG) CHANGES IN
pory below: JHERATIC FIBROSIS C. E. Rupchella, J. 0. Jarvis, K. L.
, Curran, R. A. Greenberg, and C. H. Tamburro Cancer Center
Q Absorption and Digestive Diseases and Nutrition Section, University of
g::::ﬂ'i':;’“ Louisville Schoo. of Medicine, Louisville, Kemtucky.

GAG's are felt to play an important role in the collagen
fibril formation and collagen bundle stabilization. It has
been assumed that hepatic fibrogenesis contributes little
: to the total body comnective tissue and would not be
O Clinical . iol raflected in urinary excretion of GAG degradation or syn-
Q Immunology/Microbiology thetic products. We have previously found, however, that
I prefer presentation at: increased urinary GAG's occur in humans with cirrhosis,
hepatitis, and hepatic anglosarcoma (Kupchella, C.E.,

3 Liver/Biliary/Bile Sait
O G.I. Hormones
O Morphology

Q Poster Session Tamburro, C. H., Clin. Res. 25:329, 1977; Curram, K. L.,
& Regular Forum Kupchella, C. E., Tamburre, C. H., Cancer (in press), 1977).
(¥ Please publish this abstract in In the present study, changes in urinary and hepatic GAG's
GASTROENTEROLOGY at a were measured in rats with CCL4-induced hepatic damage.
cost of $25.00 ($30.00 if bill- HBighly significant increases (P <.001l) in total GAG's and
ing required) in t::a hyalul(.'gt)xicf: acici (Ha), chlfrond:otinhsulfal:e (CS), and
the heparin ractions were found in hepatic tissue
@ My °hé:: payable to the A::z_ after three weeks and parsisted through nine weeks of ex-
fcan L m:‘;':w posure. Histological examination after three weeks
cation i3 enc * showed hepatic necrosis with extensive fatty metamorphosis
O Please bill me—instructions en- without histochemical (Trichrome-Alcian Blue~PAS) evidencs
closed. of fibrosis. Control hepatic tissue GAG levels were 31+5
O Pleass do not publish this ab- ug (of uronic acid) per gram of dry defatted liver. CCL4
stract in GASTROENTER- . treated livers showed a 2 to 4 fold increase in GAG levels;
. OLOGY. 81.4 ug at 3; 98 ug at 6; and I13 ug/g at nine weeks, re-
spactively. Increases occurred mainly in the CS and H frac-

tions. The urinary CS fraction was significantly (P <.05)
elevated over the nine weeks of exposure; the HA fraction
was elevated during the first two weeks only, and the H
fraction excretion appeared to be directly related to CCL4

] . injections. These data support our previocus observations

T in humans and demonstrate that urinary GAG excretion pattern

changes occur before histochemical evidence of collagen
formation and suggest that urinary GAG patterns may be a
useful indicator of early hepatic fibrogenesis.

MAILING ADDRESS OF PRINCIPAL AUTHOR

Carlo H. Tamburro, M.D. If, in the conduct of these studies, human subjects were
exposed to risks not required by their medical needs, the
511 South Floyd Street author affirms that the study was approved by an appro-
priate committee, or, if no such committee was available
Room 535 MDR Building and informed consent was needed, it was obtained in

accordance with the principles st forth in *“The Institu-
tional Guide to DHEW Policy on Protection of Human

Louisville, Kentucky 40201 Subjects”.
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CLINICAL RESEARCH
Abstract Reproduction Form
TYPE name, address, and telephone number of .
author who should receive correspondence in .
Zox Aand 3zmztete 3ox B,
- EiaP o e $22-233-1213
JETTES 4 To%: R e e , - =
R {Areacoqs) ollice (At cods) home
A B
Name Charles E. Kupcheila, Ph. D. e _October 1. 157
\dd Associate Director, Cancer Center Payrent ($10.00)
213 MDR Building Check rumber
—_Health Sciences Center Parchass onder
Loyisville, Kentucky 4Q201
URINARY CHONDROITIN SULFATE FRACTION PATTERNS IN HEPATIC ANGIQSARCOMA
CHECK Preferred Sub-Speciaity C. €. Kupchella, K. L. Curran, and C. H. Tamburro. Cancer Center,
Clazaflcanon: University of Louisville, Louisville, Kentucky.
Cardiovascular This study was undertaken to evaluate the usefulness of urinary
T Clinical glycosaminoglycan patterns in the detection of hepatic angiosarcoma
—  Epidamiology and in monitoring the course of this disease. Glycosaminoglycans ex-
Clinical tracted from 24 hr urines from 2 patients with angiosarcoma of the
—  Pharmacology 1iver and from normal controls were separated as cetylpyridintum com-
—— Dermatology plexes into "hyaluronic acid," "chondroitin sulfate,” and "heparin”
— Endocrinology® . fractfons. These fractions were further purified by anion-exchange
—= Gastroenteroiogy chromatography. The “chondroitin sulfate" fraction isolated from
— m R ; angiosarcoma patients consistently demonstrated an increase in the
" Hemat !::', amount of glycosaminoglycan eluted in 1.25 M NaCl and a concomitant
T tommology & decrease in the 1.5 M NaCl elution peak. This "shift" was apparently
—  Conn Tissue related to the course of the disease and was unaffected by chemo-
—— Infectious Disease therapy. As indicated by the following results, the ratio of 1.25 M
e Matabolism® to 1.5 M elution peaks may be of value in monitoring the course of
—— Oncology angiosarcoma: 2 normal controls, .364 and .316; angiosarcoma (pre-
~—— Pubmonary chemotherapy), .843; angiosarcoma (post-chemotherapy), .971; angio-
—— Renal & Electrotyts sarcoma (advanced), 5.00. Characterization of the 1.5 M and 1.25 M
*Traditionsily, Eadocaciogy haa NaCl elution peaks by hyaluronidase suscaptibility and comparison wit!
Proper fllgw sudbagmylioin s elution patterns reported in the literature suggest that the observed
slands, ad gonsds, while 1b- shift was from chondroitin 4 and/or chondroitin 6 sulfate to haparan
mm*ﬁﬂm sulfata. Preliminary data indicate that the excrstion pattern in
Wetabolin®, bones, Myrocaicite- vinyl-chloride-associated liver injury other than angiosarcoma is
o %wnm characteristically different from patterns associated with hepatitis,
comidered usder Memsbotism, cirrhosis, or metastases to the 1iver. These observations may be
related to progressive connective tissuye proliferation in angiosarcoma
[IMPORTANT ) )
The instructions accompanying this form must THIS FORM AS WELL AS THE FORM LETTER
are to appear in CLINICAL RESEARCH. Ab- BY AMEMBER

stracts which do not conform either will be re-
typed by ths publisher at 2-cost of $15.00 to the
suthor, or rejected.
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Abstract Reproduction Form 9

TYPE name, address, and telephone number of
author who should receive correspondence in

Box A and compiets Box B.
Telephone (502) 588-5253 =~ (502) 895-2955
(Area code)  offics (Ares cods) home
A B
Name . Carlo H. Tamburro, M.D, Date
Address _University of Louisville Cancer Center Payment (810.00)

S11 South Floyd Street

Check oumber

Louisville, Kentucky 40201

Purchase order .17~11835

CHECK. Preferred Sub-Specislty
Clasfication:

e Cardiovascular
Clinical

_— Epidemiology
Clinical

—ee  Pharmacology

- Dermatology

— Endocrinology*

Pulmonary
—— Renal & Electrolyte

*Traditionally, Endocrinology has
incduded papers desling with the
thyroid, adrenal and pituitary
glands, and gonads, while ab-
stracts dealing with the parathy-
oids, calcium and phosphons
metabolissi, bones, thyrocaicito-
nin, diabetas, insulin, glutagon,
and growth hormoas have besn
considered under Menzboliom.

IMPORTANT

The instructions accompanying this form must
be followed COMPLETELY for all abstracts which
are to appesr in CLINICAL RESEARCH. Ab-
stracts which do not conform sither will be re-

URINARY GLYCOSAMINOGLYCAN EXCRETION PATTERNS IN CHEMICALLY INDUCED
LIVER INJURY AND CANCER C. E. Kupchella*and C. H. Tamburro**, Cancer
Center, University of Louisville, Louisville, Kentucky,
Glycosaminoglycans (GAG)-  are essential compounds of comnnective tissue
(CT) matrix and are increased with CT proliferation. Urinary GAG pat-
terns wvers studied in 9 individuals with vinyl chloride (VC) induced
chemical injury, 2 VC induced angiosarcomas, 8 viral hepatitis, 6 alco-
holic cirrhosis, 7 non-hepatic cancers, and 9 controls, Hepatic histo-
logical and electron microscopic (EM) studies were obtained im all but
normal controls which were studied biochemically, radioisotopically,
and physically. Urines were analyzed for creatinine, total GAG, and
uronic acid content. GAG levels (ug uronic acid/mg creatinine) in comn-
trols were-3,2 + .4, in VC exposed 4.1 + 4, and in alcoholic liver dis-
ease 5.1 + 0.8. 1In contrast, in angiosarcoma they were 7.6 + 1.6 and
hapatic metastasis, 13.8 + .9, Total GAG's were further separated into
hyaluronic acid (HA), chondroitin sulfate (CS) and heparin (H) frac-
tions. Although no significant differences were found in total GAG's
78% (7/9) of VC exposed had positive CS and negative HA and H fractions
in contrast to 9% (3/32) of the other cases. Further characterization
by anion-exchange chromatography showed a shift in the CS fractiom
composition. Total GAG's eluted at 1.25 M NaCl, were increased and at
1.50 M NaCl decreased. These changes became more pronounced as the
disease developed. Enzyme digestion indicates that 1.25 M fraction is
heparan sulfate (HS). EM studies showed increased sinuscidal collagen.
Since HS is associated with blood vessels, its increased urinary excre-
tion in early VC injury and angiosarcoma (vascular injury and sinusoida’
cell cancer) may be used as an early indicator of chemical injury and
livar cancer formation.
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.Type Abstract in Space Below
TISSUE AND URINARY GLYCOSAMINGLYCANS IN TRANSPLANTAELE

Check the most appropriate category HEPATOMAS. C. E. Xuochella, K. L. Curran, E. Drake, J.
osiow: ' Kennedw, aad C. H. Tamburre, Cancer Center, and Division
O Absorption of Digestive Diseases and Nutrition, University of

O Secration ‘ Louisville, School of Medicine, Louisville, Keatucky.

@ Matiiity f

Z Liver/Biliary/Bile Sal , The purpose of this investigation was to evaluate: a) =

Q G.L Hormones :the glycosaminoglycans (GAGs) in different behavieral/

U Morphology ‘histological types of intermuscularly transplanted hepa-

G Clinical o ,tomas, b) GAG patterns in tumor tissue im relationship to

Q Immunology/Micrabiology ‘degrees of fibrosis and necrosis, ¢) the GAG changes in the

] ‘ ) ‘'livers of rumor-bearing animals, and d) urinary GAG ex-

3 Pu'bhsh this abstract in GASTRO- cretion as a function of tumor growth. Three types of
ENTEROLOGY at a cost 0f$25.00 Morris hepatomas, 7777, 5123te, and 9618A, which differ ia
(§30.00 if billing required) rates of growth, metastatic potential, fibrosis, and
@ Check payable to the American necrosis, were studied. Urinary and tissue GAGs were ex-

Gastroenterological Assotiation tracted as cetylpyridinium complexes and measured as uronic-
enclosed, lacid. Tissue GAGs were also evaluated histochemically
O Bill me—instructions enclosed. iuaing alcian blua staining with and without enzyme pre-
. blish this abstract in treatment. Tumor tissue exhibited four- to six-fold
o nol publis 5 2 ‘greater GAG levels in the hyaluronic acid (90 + 10, 91 +
GASTROENTEROLOGY. 12, and 111 + 9 vs. 25 + 3 ug uronic acid/g dry liver, Te-

‘spectively) and chondroitin sulfate (261 + 29, 217 + 51,
and 208 + 22 vs. 47 # 7 pg uronic acid/g, respectively)
fractions than normal liver; the heparin fractions did noc
differ significantly (31 £ 7, 17 + 4 and 67 + 11 vs, 39 +
'10). The livars of tumor-bearing animals exhibited |
'slightly greater hyaluronic acid levels than normal liver.
Moreover, increased urinary GAG excretion was evident aft
‘two weeks in animals bearing fast-growing tumors. The GAG
!tissuc levels in fast vs. slow-growing tumors were not sig--
mificancly different. This further supports our previocusly’
reported studies of urinary GAG excretion in human hepatic
langiosarcoma (Curran, K. L., et al., Cancer 40 (6): 3050-
3053) in suggesting that urinary GAG analyses may b usaeful
in the detaction, sq¢reening and diagnosis of hepatic cancer.

-

TYPE name, address, and telephone number of author who should receive correspondence:

Charles E. Kupchella, Ph.D., Associate Director, Cancer Center .

. 0. Box 35260, Louisville, Ky.
Address 213 MDR Building, University of Louisville, P x ’ 4623%

Telephone _.{302) 588=32435
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quired by their medical needs, that the study was approved by an appropriate committee o, if no such'col'nmmet was
available and informed consent was necded, it was obtained in accordance with the principles set forth in “The Institu-
ozl Guide to DHEW Policy on Protestiva of Hluman Subjects.”

v Y CMA 003324




Check the most appropriate catsgory
bel w:

O Absorption

O Seccretion
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O Immunology/Microbiology

W Publish this abstract in GASTRO-
ENTEROLOGY at a cost of $25.00
{$30.00 if billing required)
® Check payable to the American

Gastroenterological Association
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O Bill me—jinstructions enclosed.

8 Do not publish this abstract in
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'URINARY GLYCOSAMINOGLYCAN PATTERNS IN HUMAN HEPATIC ANGIO- )
SARCOMA, HEPATOMA, AND IN WORKERS AT RISK FOR ANGIOSABCOMA.

K. L. Curran, C. E. Kupchella, J. Sandoz, and C. H.

iTamburro. Cancer Center and Division of Digestive Diseases
‘and Nutrition, University of Louisville, School £ Medicine,
lLouisville, Kentucky. {
! A previous study reported an abberation in glycosamino= :
‘glycans (GAGs) eluted from anion-exchange columns with 1.25;
iand 1.5 M NaCl in the urine of patients with hepatic angio-
garcoma. A controlled pllot study examined urinary GAG ,
lpatterns in workers at risk for angiosarcoma, Six indi- |
iwiduals with a history of high vinyl-chloride exposure and '
ldocumented liver disease were paired with individuals with .
Ia high exposure index to vinyl-chloride but n c¢linical ;
liver disease. Similarly six persons with low exposure !
but abnormal liver function were paired with low exposure/ |
normal liver function individuals. A 24~hour urine was
collected from each individual and the GAGs analyzed by !
anion—exchange chromatography. Individuals with clinically
active liver disease at the time of this study vere found |
'to have urinary GAG excretion patterns which were similar °
to thosa described in angiosarcoma. No significant dif- i
ferences were found between high vs. low vinyl-chloride '
'exposure or between those with inactive liver disease and |
ithose with normal liver function. GAG excretion was also |
istudied in an additional hepatic angiosarcoma and human '
'hepatoma and confirm the reported urinary changes. These
'findings support the concept that urinary GAGs are in-
creased only in active hepatic diseass and may ba useful im,
evaluating the degree of activity at the various stages of
liver digease in humans. '

Name _Charles E, Kupchella, Ph.D., Assgciate Director. Cancer Centex

213 MDR Building, University of Louisville, P. O.:Box 35260, Louisville, Ky.
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(502) 588-5245

20232
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c_,,,,.,.‘. ONE CLTCOSAMINOGLYCAN CEANGES ASSOCIATZD WITH HEPATIC TUMORS: THZ

CONTRIBUTIONS OF REGENERAZION AND NECROSIS. C. E. upchells,
E. M., Secskas,* J. 5. Rannedy .* and E. Esninosa*. Cancer Cencer
and Depart=ent of Pathology, University of Louisvilla, School
of Medicine, Louisvilie, Rentucky.

Alrhough glycosaninoglycans (GAGs) have been shown to He
elavated in many types of animal ard human tuzmors including
hepatic tumors, the cause and signilicance of thesa changes
in aeoplasia are still open questions. Regenaracion and
necrosis are operative in hepatic cancer and the purpose of
this investigation was to evaluace the GAG changes associated
with hepatic regeneraticn and hepatic necrosis. Regeneracion
was induced in zala Sprague Dawley rats by partial aepatectimy
and nepatic GAGs were evaluaced at 4, 8 and 12 days post
operatively. Necrosis was induced by: a) ligaciag che zedium
lobe, b) by resecting and placiag aedian lobes in the peritoneal
cavity and c) by resscting median lobes and incubating them in
vitro in sterile salina. Analyses were carried out afcter 5
days of treatment., While Tegenerating livers exhibiced GAG
levels that ware not statistically differeac from sham operated
controls or som—operatad controls, in vive cecrosis was
accompanisd by 3-4 fold increases {n tissua GAGs. These daca
suggest thac necrosis may mTake a substantial contribution to
the elevacad GAG lavels found in some tumors.

Cliw. Res. 27(2)7369
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Early Detection of Disease in Individuals Ex.
posed to Vinyl Chloride.

Richard Greenberg, MD. und Carlo Tam-
burro, MD, University of Louisville, Lonis-
ville, Kemucky

This is a callaborative comparison swdy
of the efectiveness of ultrasound, nail bed
capiflary study and grinary glycosamiscgly-
can excreuons in vinyl chloride workers

with biechemical dysfunstion or histopatho-
logically documented injury.

1t represents an etfort 1o dateet early mor-
bidity in vinyl chloride workers. Included is
Dr. Maricq's method of investiguting capil-
luries of the middle and distal phalanges of
the fingers, including the nailfold, as a
sereening test for early changes from viayl
chloride exposure. Another new method is
Dr. Taylor's “grey seale’ ultrasonographic
method which has not yet been widely
adopted for diagnosis of liver disease. The
University of Louisville group reported ihat
the first indicator of liver chanyes ovourred
in the vasculae sinusoids and was reflected
by the appearance of mucopolysaccharides
in the unine.

The results of the massive clinieal study in
Louisville should soon be able to indicaiz
whether more sensitive criteria of early dis-
case may be forthcoming, especially from
the liver function testing. The special vaiue
of the capillary and ulirasound method re-
main doubtful at this time for early dez2ztion
of the effects of exposure (o vinyl chloride.
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C.H. Tamburro, M.D. COepartments of Pathology, Epidemiology and Biostatistics,
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Abstract — Double space.
Because unfixed liver is rarely available for analytical studies, appraisal of

the extent of collagen must be made from appropriately stained sections of ]iveﬁ
biopsy material leading to judgemental as well as sampling error. We have de-
veloped a computer assisted morphologic technique to evaluate the distribution
of collagen in liver biopsy material. We examined myltiple biopsy samples from
patients dying suddenly with no history of liver disease to establish normal
values. A Hewlett-Packard 9864-A digitizer and 9815-A micro computer were used
to quantitate areas of trichrome stainable collagen within the biopsy samples.
Random area selection and statistical analysis proved to be important consider-
ations in determining the experimental model and these factors were readily in-
corporated into the calculator program. Stainable collagen gstimates in normal
Jiver varied from 0 to 6.1% (mean = 1.25%) in patients with no evidence of 1iver
disease and showed considerable variation even in different biopsies from the
same patient. As anticipated, subcapsular biopsies had more collagen than deep
biopsy; however, the specimens from several deep biopsies often had significant
variation in collagen content. Differences in central, mid-zonal and portal
éol1agen could be obtained using this method. The computer assisted morpholog-
ical technique for evaluating hepatic collagen appears to be readily adaptable

to clinical studies. This study of normal Tiver 1..lizt considerable care must

be taken hefars the clinical diagnasis of significant fibrosis ¢an_be made.
(Limit abstract to 250 words or Jess) ’
(OVER) CMA 003328

Computer Assisted Morphologic Quantitation o7 Collagen in Human Liver Bicpsies.} .




. Type name. address. and telephone number of author who should receive
comrespondence in Box C, and complete Boxes A and B.

American Association For The Study of Liver Discases

ABSTRACT FORM

A
Cost of Publication

Payment enclosed (525.000
Check no. 670

(Payable to Elsevier Publishing Co.)
or Payment delayved (330.00)

Purchase order no.

Issued by

tlasttubion Name)
A copy of this abstract must be at-
tached to original purchase order to
aid in identification.

B IMPORTANT

The principal author affirms that the
material herein: 1) will not have been
previously published or presented at
any national meeting of a national so-
ciety: 2) that if human subjects were
exposed to risks not required by their
medicul needs. the study was ap-
proved by un appropriate committee
or. if no such committee was available
and informed consent was needed. it
was obtained in accordance with the
principles enunciated in ““The Institu-
tional Guide to DHEW Policy on Pro-
tection of Humun Subjects™™: or 3) any
animal studies conform with the
“Guiding Pr:nciplc\ in the Care and
Use of Animals™ of the American
o
P}\\u ¢ )_.u.. 1 S/.L.J\

\42’ i, )[ i .’; /‘-C/fIEIW{O

t\ng.n Mase of Pongipal Author)

1S

tFor uffice use)

TYPE ABSTRACT BELOW. BE SURE TO STAY WITHIN BORDER

EARLY HEPATIC HISTOLOGICAL ALTERATIONS AMONS CHEMICAL
(VINYL MONOMER) WORKERS. C.H. Tamburro, L. Makk, and H.
Popper, Division of Digestive Diseases and Nutrition and
St. Anthony Hospital, University of Louisville, Louisville,:
Ky., and Stratton Laboratory for Study of Liver Disease,
Mt. Sinai School of Medicine, New York, N.Y.

Industrial vinyl chloride exposure is associated with
‘hepatic subcapsular, portal, and perisinusaidal fibrosis
‘and hyperplasia of both sinusoidal cells and hepatocytes.
Earljer histological studies, mainly on autapsy material,

1
]

(indicated that focal mixed hyperplasia (of hepatocytes and -

‘smuso:.dal cells) is the early histologic alteration indi-
icative of exposure. To substantiate this observation and
.its potential use in screening workers, liver biopsies from'
.55 persons were investigated in double blind duplicative
[fashion; 34 were workers exposed to chemicals with hepatic
biochem.cal abnormalities, and 21 were a comparison group
‘composed of 8 non-exposed persons and 13 exposed workers
without hepatic abnormalities who had biopsies for non-
1iver related reasons. Of the exposed workers with abnor-
ma.lit:ies, 12 (35%) had a hepatic lesion conzistent with

lexposure; 6 (18%) had focal hepatocytic hypexrplasia; 6 (18%)

’had focal mixed hyperplasia. In contrast, esly 5 of the
comparison group (2 exposed and 3 non-exposad persons) had
isj.m:i.lar: findings; 1 exposed and 2 non-expossd had only
focal hepatocytic hyperplasia. The other exposed worker
E:d focal mixed hyperplasia as did the other non-exposed
dividual who, subsequent to the biopsy, was found to have
angiosarcoma. Thus, only 192 of the comparison group
ldemcmsu:rat:ed hepatic lesions with chemical exposure, half
of whom had worked with chemicals. Of the 55 bi psies, 22
ere re-read double blindly 2 to 4 times over a 2-year
eriod. In addition, 9 of these individuals had second or
:hird biopsies also read double blindly.
Cere identical in 86Z, 97 had 1 positive and 1 questionable !
‘eading, and only 5% were read differeatly. Focal hepato-
cyt:ic hyperplasia, in addition to the previcusly described
nixed hyperplasia, appears to be the earliest identifiable
changes consistent with chemical exposure amd seem to be
precursors of angiosarcoma. They are useful in the
screening of chemical workers.

)

'
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|
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Chloroacetaldehyde~induced Damage to Bacillus subtilis. A.D. Laumbach,

U.N. Streips* and J.L. Wong. Bureau Foods, FDA and U. Louisville, Louis-
ville, v,

Chioroacuctaldenyde (CAA), a proposed metabolite of vinyl chloride meta-
hoiism, has been shown to be mutagenic in the Salmonella assay system, and
to specifically inhibit the growth of a recombination-deficient mutant of
Bacillus subtilis (Ellmore, et al BBA, 442: 405, 1976).

We have examined further the biological activity of this compound.
First, CAA caused a significant increase in induced mutations to streptomy-
cin resistance. Using B. subtilis 168, the relative mutation frequency
(treated SmM CAA/control) was 13.6, while using an her mutant of B. subtilis
the frequency was 14.2. Secondly, a survey of the available repair-deficient
mutants of B. subtilis revealed, that the only strains sensicive to CAA were
of the rec-genotype. Furthermore, the several rec-mutants, show three types
of response to CAA. Strong killing by CAA (inhibition of growth of 10 mm or
more) was exhibited on the recA, recB, rec-4 (GSY1616), and recD27 (GSY1627)
strains. Intermediate killing (3mm-8mm) was shown with strains bearing the
recE, recF, and rec-13 (BD246) loci. All other strains examined (recC,
recH, mte-41, uvr, ner, polA, as well as several repair-proficient cultures)
grew in the prasence of 1.1M CAA.

Thegse studies are part of an ongoing program sponsored by the MCA to
determine the molecular basis for vinyl=chloride induced carcinogenesis.

MA 00333,
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Chlorvacetaldehyde~induced Damage to Bacillus subtilis. A.D. Laumbach,
U.N. Straips*, and J.L. Wong. Bureau Foods, FDA, and University of
Louisville, School of Medicine, Health Sciences Center, Loulsville, Ky.
40232 (USA).

Chloroacetaldehyde (CAA), a proposed metabolite of vinyl chloride metabo-
lism, has been shown to be mutagenic in the Salmonella assay system, and
to specifically inhibit the growth of a recombination-deficient mutant of
Bacillus subtilis (Ellmore, et al., BBA, 442:403, 1976).

We have examined further the biological activity of this compound. First,
CAA caused a significant increase in induced mutations to streptolycin
resistance. Using B. subtilis 168, the relative mutation frequency (treated
5mM CAA/control) was 13.6, while using an her mutant of B. subtilis the
frequency was l4.2. Secondly, a survey of the available repair-deficient
mutants of B. subtilis revealed, that the only strains sensitive to CAA
were of the rec-genotype. Furthermore, the several rec-~mutants, show three
types of response to CAA. Strong killing by CAA (inhibition of growth of

10 mm or more) was exhibited on the recA, recB, rec-4 (GSY1616), and recD27
(GSY1627) straing. Intermediate killing (3mm8mm) was shown with straing
bearing the recE, recF, and rec-13 (BD246) loci. All other strains examined
(recC, recH, mct-41, uvr, her, polA, as well as several repair-proficient
cultures) grew in the presence of 1.1M CAA. The effects of CAA on the
biological activity of DNA molecules in vitro are being studied.

These studies are part of an ongoing program sponsored by the Manufacturing
Chemists Association to determine the molecular basis for vinyl-chloride
induced carcinogenesis.
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INHIBITION OF INTERFERON INDUCTION AS A SCREFN FOR THE CARCINOGENIC

POTENTIAL OF CHEMICALS. Gerald Sonnenfeld,” Mary Carol Barne2, and
Uldis N. Streips, Department of Microbiology and Imunology, Univ. of
Louisville School of Medicine, Louisville, Kentucky 40232.

Type I interferon was produced after challenge of mouse embryo
fibroblasts with Newcastle disease virus., This production of iaterferom
could be sharply reducad by pretreatment of the cells with the knowm car- ' -
cinogens benz-oc-pvrene, aflatoxin, 2-zminofluorine, and the #4 fraction of
tobacce smoke condensate. This finding suggested that inhibirion of -
interferon induction (I-I-1) may serve as an indicator for the carcino~
genic potential of chemicals. We tested the screening potential of this .
assay by testing two chemical analogs, methylmethanesulfonate (MYS) a2 car~

" cinogen and mutagen and ethylmethanesulfonate (EMS) a non-carcinogenic :
mutagen. Both of these chemicals are active in the Ames Salmonella assay
but can be separated in "SO0S” induction assays such as the Comptest. 1In *
the I-I-I assay, MMS was highly positive while EMS showed no inhbition of
interferon induction. Thus, the I-I-I assay appears to have the potencial
to scresn for carcinogens. Preliminary results using the carcinogen chlor-
acetaldehyde and its non-carcinozenic analogs chloroethanol and chloro-~ .
acetic acid support this idea. Following further verification of the dis-~
crimination potential of the I-~I-I assay, this test could become an intey—
ral part of a comprehensive battery of tests for chemical carcinogenicity.
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Reproduction Copy for PROGRAM AND ABSTRACTS of the
30TH ANNUAL MEETING OF THE TISSUE CULTURE ASSOCIATION, INC.

Properties of 14 Veek Maintenance Cultures of PLC/PRF/S Cells. P.B.
JOHNSTON*, E. £spinosa, S. Chia and S. Caple. Univ. of Louisville,
Louisville, Ky 40232

This established cell line was originally described as being short lived with-
in a given passage, with considerable cell loss by day 6 to 8. However,after
80 passages, we found that culturing in glass roller bottles at 0.25 RPM
allowed maintenance for at least 14 weeks with cells exhibiting excellent
rorphology without sloughing. After trecating monolayers with Hoechst 33258
DNA stain, intense cytoplasmic fluorescence was seen in a proportion of the
cells, possibly a function of the subviral hepatitis B genome. HBsAg of
culture supernates was monitored and solid phase RIA assay revealed.3l to 47
ratio-units/0.2 wl after 2 to 14 weeks in medium with 107 fetal calf serum.
The 14 weeck old cultures were extremely well adapted to maintenance in sexrum
frec medium for 14 additional days when supplementing with 100 ng/ml of
insulin, in contrast to 1 week cultures which survived well for only 5 days
without serum.. The HEsAg-titers of supernates from these 1 week or 14 weck
cultures, vere very similar to the previous harvests ipn 10% scrum. In
addition, both young and 14 weck cultures were similar in their rate of acid
production; and in that both elaborated scrum albumin, fibrinogen, transferri:
and alpha-2 macroglobhulin, the proteins tested to date.
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LIVER-SPECIFIC F ANTIGEN IN TRANSPLANTABLE HEPATOMAS HAVING
DIFFERENT GROWTH RATES. Enrique Espinosa, Sue Chia*, Sam
Caple* and Charles Kupchalla*. Dept. Pathology and Cancer
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Center, Univ. of Louisville School of Medicine, Louisville,
KY 40232

In the course of studies of antigenic changes associated
with liver neoplasia we measured the relative concentration
of liver-specific F antigen in fast (7777), slow (9618A) and
medium (5123tc) growing Morris hepatomas in comparison with
its concentration in normal adult rat liver. F antigen was
solubilized from each tissue by aqueous homogenization. The
supernatant containing the antigen was then tested by a
double diffusion dilution assay capable of detecting a mini-
mum of 1-2Z the concentration of antigen present in normal
rat liver. The F antigen antiserum used was prepared ac-
cording to Fravi and Lindenmann by immunizing CBA mice with
BALB/ec mouse liver extract. F antigen was undetectable in
the fast growing hepatoma and ranged from less than 2% to .
102 of the normal liver concentration in the slow growing
one. The medium growing hepatoma showed similar or higher
concentration than normal rat liver. Thus, .che level of
F antigen in these tumors does not appear to correlate with
their rates of growth. (Supported in part. by the Manu-
facturing Chemists Association)

All compounds that are designated by codé or intial letters must be identified adequarely
in the abstract, e.g., MJ-1999: 4-(2-isopropylamino-1-hydroxyethyl) methanesulfonani-
lide hydrochloride.
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TRANSPLANTED HEPATOMA (MORRIS HEPATOMA 7777). Enrique
Espinosa, Sam Caple*, Charles Kupchella* and Sue Chia*,

16 mm. films (silent or optical sound)
are permitted if essential to 10-minute
slide session presematio_n.
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Submit justification by letter to
Society Office, with abstract.

IMPORTANT

Before you complete this form:
Ser the enclosed rules for eligibility of
papers.
See sample abstracts and typing instruc-
lions on reverse side.
Use enclosed Check List for preparation
of abstract.

The original typed copy of this abstract form (for
reproduction by photo-offset) with

- 8 photocopes,
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- three abstract identification cards,

- and return Program Confirmation Postal

must reach the Society office NO LATER
THAN TUESDAY.DECEMBER 19.

Dept. Pathology and Cancer Center, Univ. of Louisville
School of Medicine, Louisville, KY 40232

During investigations of antigenic changes in liver tumors
we examined fast (7777), medium (5123te) and slow (9618A)
growing Morris hepatomas for presence of liver antigens,
Analyses of normal liver and hepatoma tissue saline extracts
were performed by immunodiffusion methods using rabbit anti-
serum to rat liver extract absorbed with pooled normal rat
plasma. Hepatoma 5123te and 9618A gave immunoelectrophoretic
patterns similar to normal liver. In contrast, hepatoma 7777
showed 2 arcs of precipitation missing. This was confirmed
by the finding that after absorption of antiserum with hepa-
toma 7777 two lines of precipitation given by normal liver
extract persisted whereas absorption with extract of normal
liver, hepatomas 5123tc or 9618A abolished all lines of pre-
cipitation. The liver antigens found to ba absent in hepa-
toma 7777 were characterized as proteins relatively unstable
to heating and acid pH and unrelated to liver-specific F
antigen. In Sephadex G-200 and Bio-Gel A-5m columns these
antigens eluted as proteins of approximately 51,000 and
240,000 daltons respectively. The fact that 7777 is the
fastest growing and least differentiated of the tumors studie
suggests a possible functional relationship between the
absent antigen and these properties. (Supported in part by
the Manufacturing Chemists Association)

All compounds that are designated by code or initial letters must be identified adequarely
in the abstract, e.g., M)-1999: 4-(2-isopropylamino-1-hydroxyethyl) methanesulfonani-
lide hydrochloride, -
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OXIDATIVE AND DETOXIFYING ABILITY OF LIVER MESENCHYMAL-
PARENCHYMAL CELLS IN THE METABOLISM OF XENOBIOTICS

Du, J. and Tamburro, C.H., Liver Research Laboratories
Dept. of Medicine, University of Louisville, Louisvili.

The metabolism of xenobiotics, by the liver most often
volves oxidation via mixed function oxidase (MFQ) and ¢
hydryl detoxification with glutathione. Hepatic toxici
and carcinogenicity are modified by thase two pathways.
Vinyl monomer (e.g. vinyl chloride) exposure is assoc:
with liver parenchymal cell (nepatocytic cell, HC) toxz
and mesenchymal cell (sinusoidal cell, SC) carcinogenic
even though the hepatocyte is the main cell for xenocbic
oxidation. The metaboliec ability of these two cell gro
was assessed by isolation of SC using pronase digestion
and HC using collagenase profusion. Viability assessec
90% by trypan blue exclusion and cross contamination es
matad (< 1X) by pryuvate kinase activity. MFO activicy
(demethylation benzphetamine), glutathione transferase
(E) using (1,2, epoxy-(P-nitro nitrophenoxy) propane as
substrate, glutathione transfarase A,C and E (A) using
nicrobenzyl chloride) as a substrate and glutathione
tase (GR), wers determined in subcellular isolated H
SC fractions. Results basad on protein content (N mole.
min/mg protein) were:

E A GR MFOQ

SC  42.9 +17 18.5 + 6 47.6 2 T.49 + 2.
BHC 82.5F¥11 215.0+6L - 65.0+7 16.0 +5
and activity in 11::»1../106 call vere:

E A GR MFO
sc 1.16 0.5 1.28 0.026
HC 65.6 220. - 52, 4.7

These results demonstrate both the greater average, as v
as total, cellular ability of HC to oxidize xenobiotics.
Mors importantly, it demonstrates an increased abilicy ¢
detoxify the xenobiotic's toxic metabolites. This great
abilicy may account for less sevare HC injury and play :
important role in preventing HC malignant transformatior
In contrasc, S5C ability to oxidize but its lessaer abili:

to detoxity xenobiotic may account for SC's potential f¢
L-.H.-pm—ﬂm-&mmr -
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Toxic, Carcinogenic & Safe Exposure Lavels in Vinyl Chloride
Induced Hepatic Angiosarcoma. Carlo H, Tamburro* and Richard
A, Greenberg* -(SPON: William Waddell). Depts. of Medicine
& Community Health, Univ. of Louisville, Lou., Ky. 40292.

Vinyl chloride (VC) induced hepatic angiosarcoma (HA) has
rapidly decreased since 1974. The relationship of latency &
duration of exposure was studied in 21 North American (NA)
cases and 62 worldwide (WW) reported cases; 92X of NA & WW
cases had long exposures (LE) (10-33 yrs); 7 cases (8%) had
short exposures (SE) (3.5=7 yrs). The mean duration in both
LE & SE groups was 18.5 yrs. with 2 peaks at 15 & 25 yrs.
Deaths from HA began in 1955, peaked in 1976 & rapidly fell
thereafter. HA peaked in Canada (CA) in 1973 and USA 1974,
France (FR) 1976, & Germany (CE) 1978. Operations began in
CA in 1941 & USA 1939-44; FR 1941-57, & GE 1952-60. Exposure
levels reported in 1940's of 2000 ppm; in 1950's ~200-500
ppm, in early 1960's V350-500 ppm, late '60's & early '70's
A50-250 ppm, & 1-10 ppm after '74, No relationship was found
in total average exposures (TAE) range of 50 ppm; 200-1000
ppm range showed a direct relation of lower TAE to shorter
latency, while higher TAE (1000-2000 ppm) had longer laten-
cies., The data suggests VC has a biological threshold level,
an optimum carcinogenic level and subcarcinegenic toxic
level for occurrences of HA,
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ABSTRACT

Earlier histological studies of industrial vinyl chloride exposure, obtained
mainly on autopsy material, indicated that focal mixed (hepatocytes and sinu-
soidal cells) hyperplasia is the earliest histological alteration indicative of
exposure. To substantiate this observation and its potential use in screening
workers, 93 Tiver biopsies from 78 persons were investigated in double blind
duplicative fashion; 35 were exposed chemical workers with hepatic screening
tests abnormalities, and 13 were exposed workers without hepatic abnormalities
who had liver biopsies for non-liver related reasons. A comparison group
consisted of 30 individuals who were not chemical workers, but had liver biop-
sies for non-hepatic related reasons during the same time period. Of the
exposed workers, 23 (48%) had a hepatic lesion consistent with exposure; 17
(35%) had only focal hepatocytic hyperplasia; six (13%) had focal mixed hyper-
plasia or more advanced lesions. In contrast, only five of the comparison group
had similar findings; four (13%) had only focal hepatocytic hyperplasia and one
(3%) had focal mixed hyperplasia and sinusoidal dilitation. On a subsequent
biopsy, this individual was found to have angiosarcoma and a history of using
hair spray containing vinyl chloride as propellant. Ten individuals had 28
multiple biopsies also read douwle blindly, and 10 individuals had 23 readings
of the same biopsy; 21/23 (91%) duplicate readings and 27/28 (96%) multiple
biopsy readings in the same individuals were identical. Only 18% of either
duplicate and/or multinle biopsy readings had disagreements in their biopsy
assessment. Focal hepatocytic hyperplasia, in addition to the previously
described mixed hyperplasia, appears to be the earliest identifiable change
consistent with chemical exposure and both lesions are present prior to the
development of angiosarcoma. These lesions can be consistently identified and

are useful in the screening of chemical workers for evidence of exposure.
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INTRODUCTION

Industrial vinyl chloride and other vinyl monomer exposure is associated
with various hepatic histological abnormalities. These include subcapsular,
portal, and perisinusoidal fibrosis as well as hyperplasia of both hepatocytes
and sinusoidal cells. Early histological studies, mainly on autopsy material,
had shown focal mixed hyperplasia (hyperplasia of hepatocytes and sinusoidal
cells) to be an early histological alteration associated with vinyl chloride
exposure (1,2,3). To substantiate this observation and determine its potential
use in medi;a] surveillance screening of the exposed workers, liver biocosies
from 78 individuals were studies in duplicate blind fashion to determine 1) if
these early histological findings were associated with extensive vinyl chloride
exposure, and 2) if these histological findings occur in non-exposed popula-
tions or were associated with other diseases.

MATERIALS AND METHODS

Liver biopsies from 48 vinyl monomer chemical workers with and without
hepatic biochemical abnormalities were investigated. A1l 48 chemical workers
had had hepatic biochemical studies performed on an annual or semi-annual basis.
These included aspartate aminotransferase (AST), alanine aminotransferase (ALT),
alkaline phosphatase (AP), total biTiruin (TB), gamma glutamyl transpeptidase
(GGT), prothrombin time (PT), and indocyanine green clearance (ICG). In addi-
tion, history and physical examinations, liver-spleen scans, and abdominal
plain films had been performed annually. Thirteen of the chemical workers had
hepatic biopsies for non-liver related reasons while 35 had biopsies performed
because of screening biochemical and/or liver-soleen radioisotopic scan abnor-

malities.
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A group of 30 individuals who were not chemical workers but had undergone

abdominal surgery with liver biopsies, were used as a comparison population.
A1l of the comparison population’s liver biopsies were performed during the
same three-year period, at the same hospital, by members of the same medical-
surgical team, with the informed consent of the individuals. This group had
similar hepatic biochemical studies with the exception of the GGT and ICG
clearance. None had a history of extensive exposure of working with halo-
genated hydrocarbons, although one patient had a history of household contact
with vinyl chloride via commercial home products.
Pathology
Earlier experiences with autopsy and animal material from vinyl chloride
associated angiosarcoma have recognized certain hepatic lesions in the non-
tumorous area of the liver parenchyma ( ). They include:
1. Hepatocytic changes consisting of foci of enlarged hepatocytes
. with increased amount of cytoplasm, and large hyperchromatic
nuclei (Figure 1). These cells are intermixed with hepatocytes
of normal and smaller sizes and create focal, indistinct nodular
areas (Figure 2a). These areas are often associated with very
slight increased sinusoi dal dilitation and focal increase in the
reticulin framework illustrated best by silver impregnation
(Figure 2b).

2. Sinusoidal 1ining cell changes consisting of an increase in cell

number associated with nuclear changes, particularly conspicuous
in areas of sinusoidal widening. This proliferation of sinusoidal
cells involves (a) Kupffer cells (macrophages) with PAS-positive
granules; (b) fibroblasts with elongated, almost rectangular

nuclei with loose vesicular chromatin patterns and inconspicuous
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nucleoli with 2 moderats amzunt of Cytoniasm which reacted

on PAS staining and ramsistad afar diastase reaction.
These cells are interpreted as activated fibroblasts, are
associated with an increase in fat storing sinusoidal cells
and augmented perisinusoidal fibrosis tissue (Figure ).

3. Fibrotic changes consisting of an excell of irregular
connective tissue in the periportal zone, frequently arranged
around proliferating bile ductules, and focal thickened
subcapsular accummulation of corrective tissue into the
parencyma (Figure 7).

These histological lesions are believed to be the three eariiest hepatic
findings associated with vinyl monomer chemical injury. The hepatocytic
changes are referred to as focal hepatocytic hyperplasia or FHH. The sinu-
soidal cell changes (sinusoidal cell hyperplasia) associated with the
.hepatocyt'lc changes are referred to as focal mixed hyperplasia or FMH.

For purposes of this study, early fibrotic changes were not classified
since the mjority of liver biopsies were of needle type, which could not be
evaluated for subcapsular changes.

The 1iver biopsies were coded and read blindly to identify {1) histologi-
cal evidence of hepatic disease; (2) any characteristics of non-chemical injury
excluding steatosis; (3) steatosis with or without fibrosis and, (4) evidence
of chemical injury identified by the following histological findings: a) focal
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hepatocellular hyperplasia; b) focal increased reticulum associated with the
hepatocytic hyperplasia; c) perisinusoidal fibrosis; d) focal hyperplasia;

e) focal mixed hyperplasia associated with increased reticulum deposition;

f) sinusoidal cell activation; g) sinusoidal dilitation; h) portal and capsular
fibrosis; i) sinusoidal dysplasia; and, j) hepatic angiosarcoma.

The presence of focal hepatic cellular hyperplasia with focal increases in
reticulum, in the absence of other evidences of hepatocellular disease or
steatosis, were considered the minimum presumptive evidence of chemical exposure.
The presence of focal mixed hyperplasia with increased reticulum and/or peri-
sinusoidal fibrosis was considered evidence of chemical injury of a more advanced
stage. Sinusoidal cell activation and dilitation of the sinusoids were con-
sidered evidences of chemical injury of an even further stage of advancement.
The presence of subcapsular fibrosis, (on wedge biopsies only) and/or increases
in both portal and sinusoidal fibrosis, with sinusoidal cell activation and
sinusoidal dilitation was considered the most advanced stage of chemical injury
characteristic of vinyl! chloride or vinyl monomer exposure. Finally, sinu-
soidal cell dysplasia and/or evidence of malignant transformation, constituted
definitive evidence of chronic vinyl chloride exposure and the terminal stages
of injury.

Work and exposure histories were available for all the chemical workers.
The work histories provide a total and average exposure data for 22 chemicals
based on rank order exposure estimates. These exposure work histories
consisted of an estimate of exposure to each of 22 different chemicals for all
of the 350 job classifications used since the start of the chemical plant.

Each of the chemicals exposure was ranked on a scale of zero to six for each

of the 22 chemicals. These exposure ranking estimates were done separately
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for each job for each year based on the best available information and

: p 3 Tamb te vy ] s =y o oy - -
' aspartisa,  Zich 5 gusmuiative expisure o 2ach ¢f tne 22

chamicals was basad on the various job classifications he/she held during their
employment. A detailed explanation of this system and an actual in-the-field
demonstration of the ability of this system to identify work-related liver
injury (angiosarcoma) has been published elsewhere (4,5), '
RESULTS

Thirty-seven percent (13/35) of the exposed workers with screening test
abnormalities had nepatic lesions consistent with chemical exposure. Among the
exposed workers without biochemical abnormalities 23% (3/13) had hepatic lesions
consistent with chemical exposure. In the non-worker comparison group none of
those with normal biochemical screening tests and 17/19 (89%) with abnormal
biochemical screening tests had hepatic lesions consistent with chemical expo-
sure. Of the remaining two, one had focal hepatocellular hyperplasia; the other
had focal mixed hyperplasia and early peliosis hepatis. This latter individual
was later found to have angiosarcoma possibly from vinyl chloride hair spray
exposure, The former individual had no history of chemical exposure and/or
alcohol consumption, but did have hepatobiliary tract disease in the form of
biliary stones. Table 1 lists the hepatic Tesions found in those with and
without biochemical abnormalities for the entire group.

Reproduycibility

An evaluation of the reproducibility of these biopsy readings was carried
out in 17 individuals who had 32 biopsies. Seven individuals had only one
biopsy (2 needle, 5 wedged) and 10 individuals had their biopsies read in dupli;
cate. Four had needle biopsies with 9 readings and 6 had wedge biopsies with 14
readings (Table 2).

CMA 003345




A comparison of the reproducibility of the biopsy readings is shown in
Tables 3, 4 and 5. Table 3 illustrates the high degree of consistent readings
between multiple biopsies in the same individual. In only one individual was
one of the four biopsies read differently--the wedge was read differently from
the three needle biopsies.

Table 4 makes a comparison between readings of multiple needle biopsies
or multiple wedge biopsies from a single individual. In these cases there was
consistent agreement in all readings.

Table 5 illustrates the consistent readings of the same biopsies over the
three-year period. All the needle biopsy duplicate readings and 12 of the 14
wedge duplicate readings were the same. .

At least 96% (43/45) of all readings, whether duplicate or from multiple
biopsies, provided reproducible and consistent findings.

Correlation of Histological Lesions With Exposure

Biopsies from all the chemical workers were divided into three categories
on the basis of final diagnosis:

1) individuals with no evidence of histological liver disease (N)

2) individuals who had Tiver disease but no evidence of chemical injury

(LD)

3) individuals who had chemical liver injury identified by the histolog-

ical criteria specified (CLI).

A comparison was made between the average vinyl chloride exposure ranking
of each worker and his/her final histological diagnosis. The exposure rankings
were not known to those making the final histological de;ermination at any t%me
during the three year period. As illustrated in Figure 6 the group of workers
with evidences of chemical liver injury had the highest percentage of individuals

with the highest ranking of exposure to vinyl chloride. Previous studies of
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this worker cohort had shown that all the cases of angiosarcomas had an average

vinyl chloride exposure ranking (AER) of 3.5 or greater. AER's of 3.5 or
greater occurred in 45% of the CLI group. In contrast, those with liver disease
(LD) alone, only 22% had a vinyl chloride exposure rating of 3.5 or greater and
in the chemically exposed workers with no evidence of liver disease, 32% had a
rating of 3.5 or greater.

Biochemical Studies

A study of the biochemical abnormalities among the twohhistologica1 groups
of chemical workers with evidence of liver disease is 11lustrated in Figure 7.
The five screening tests with the best degree of sensitivity and specificity in
identifying latent liver injury were reviewed. Indocyanine green clearances,
at the 0.5 mg/kg dose, provides the most sensitive and the most specific of the
laboratory screening study, followed by the alanine amiontransferase and aspar-
tase aminotransferase, gamma glutamyl transpeptidase and alkaline phosphatase
(6). However, specificity for chemical injury appeared to be assoctated more
with abnormalities in the alkaline phosphatase, which was far more frequently
abnormal in workers with chemical liver disease than in those with non-chemical
liver injury. In contrast, the ALT, AST, GGT, and ICG were more frequently
abnormal in those workers with 1iver disease of a non-chemical qrigin.

DISCUSSION

Figure 8 provides the most likely progression in the development of vinyl
chloride and other vinyl monomers hepatic injury and cancer development,

These findings confirm those previously reported by Thomas and Popper (2)
in their original pathological studies of vinyl chloride associated hepatic
angiosarcoma and hepatic injury. Focal hepatocytic megalocytosis associated

with focal increases in reticulum structure, in the absence of other evidence
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of acute or chronic injury, appear to be the earliest change associated with
chemical exposure. Subsequently, there occurs perisinusoidal fibrosis
associated with a proliferation of fibroblasts and/or its precursor cell, the
Ito cell. In later stages sinusoidal cell activation occurs involving both
the macrophagic and endothelial lining cells. These changes are associated
with focal sinusoidal enlargement. In the late stage mixed hyperplasia
(hepatocyte and sinusoidal cells) becomes prominent, followed by sinusoidal
cell dysplasia with palasading of cells, and finally malignant transformation.

Our data demonstrates that focal hepatocytic hyperplasia is the earliest
consistently identifiable histological finding in industrial workers exposed
to vinyl monomer chemicals. The very limited occurrence of these findings in
non-chemical workers and the fact that focal mixed hyperplasia, @ more
advanced lesion, was only found in chemically exposed workers znd in a non-

. chemical worker with vinyl chloride exposure (via hair spray), adds further
confirmation that these lesions are related to prolonged or repeated periods
of chemical exposure.

Whether these lesions should be viewed as precursors to the development
of cancer or only as an early reflection of the degree and duration of chemical
exposure cannot be determined at this point in time. The unchanging and stable
status of screening studies over a seven year follow-up peridd and the histo-~-
logical similarities among the serial biopsies of these workers suggest that
these early lesions are non-progressive when the affected individuals are
removed from exposure (7).

The presence of sinusoidal cell dysplasia, however, has been associated
with the later development of angiosarcoma as illustrated in one of our cases

and may represent a true precancerous or a non-reversible lesion.
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The reproducibility in identifying these nhistological lesions is quite

high. Under double biind conditions there was consistant histological
identification of chemical injury in both duplicate readings of single
biopsies as well as single readings of multiple biopsies in the same individual.
Inconsistency appears to occur more frequently among the duplicate readings

of wedge biopsies and between wedge and needle biopsies than between duplicate
readings of needle biopsies or readings of multiple needle or wedge biopsies

in the same individual. This may be due to the increased time and attention
needed for wedge section review in order to determine the absence or presence
of these lesions anywhere in the specimen. There are, however, some pitfalls
that require caution. The quality‘of the histological preparation is of vital
importance. Technical artifact, excessive thickness, torn or fragmented spec-
imens will greatly reduce the ability to correctly identify these lesions.

The use of silver impregnation for assessment of the reticular structure is
very uyseful in verifying focal areas of hepatocellular hyperplasia. The
presence of fatty infiltration and/or chronic disease (hepatitis, granuloma,
etc.) may prevent the identification of these lesions. We were, however, able
to correctly identify the presence or absence of these early lesions in the six
individuals who also had a concomfitant granulomatous process (four individuals
with granuloma were repeatedly read as negative and two individuals with gran-
uloma were repeatedly read as positive for chemical liver injury).

The more frequent elevation of alkaline phosphatase in those individuals
with histological evidence of chemical injury may provide some guidance in
sequential uses of laboratory screening tests. Ouring the first phase, tests
with the greater sensitivity for identifying liver injury, such as the ICG and
ALT can be used. Positive results can be followed up by using tests of greater '
specificity, such as the alkaline phosphatase, to further identify those at

high risk of chemical injury.
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CONCLUSIONS

Focal hepatocellular hyperplasia, in addition to the previously described
focal mixed hyperplasia, appear to be the earliest identifiable changes
consistent with chemical exposure. These histological lesions are useful in
identifying high risk exposed chemical workers as part of a medical screening
surveillance program. Biochemical studies may help identify which individuals

warrant a liver biopsy for further identification of the cause of the liver

abnormalities.
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ABSTRACT

Liver is the main organ in the body with the capacity to metabolize
xenobiotics. Mixed function oxidase (MFO) and glutathione transferase(s) are
the major enzymes invoived. The activities of MFQ (demethylation of
benzphetamine), glutathione transferase(s) (glutathione S-epoxide transferase,
GEST, 1,2-epoxy-{p-nitrophenoxy] propane as substrate; and glutathione
S-aralkyl transferase, GAST, p-nitrobenzyl chloride as substrate), and
glutathione reductase (GR) were determined in the subcellular fractions of
isolated nonhepatocytes and hepatocytes. The nonhepatocytes were isolated by
pronase digestion and the hepatocytes by collagenase perfusion. The viability
of the cells were assessed by trypan blue exclusion and shown to be over 90%
viable in the hepatocyte and nonhepatocyte fractions. Cross-contamination of
isolated cells was estimated by the relative distribution and specific
activities of the L- and M2-type pyruvate kinase isoenzymes and was found to
be insignificant. The specific activity based on protein content showed that
the nonhepatocytes had about 7% GAST activity, 50% GEST and MFQ activities,
and 73% GR activity compared to hepatocytes. Based on activities per million
cells, the nonhepatocytes had approximately 1/450 GAST activity, 1/100 MFO
activity, 1/60 GEST, and 1/40 GR activity as compared to hepatocytes. Based
on distribution of enzyme activity in hepatic cells per gram liver, the
nonhepatocytes had less than or equal to one hundredth the activities of MFO,
GAST, GEST, and GR as compared to hepatocytes. This study demonstrates that
the nonhepatocytes have the capacity to metabolize and detoxify xenobiotics
but that they are significantly less capable than the hepatocytes in oxidation
and glutathione-related detoxification.
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[NTROCUGTTON

Liver is the main organ in the pody in regard to the "Metaco:ism of
xengbiotics including drugs and carcinogens. Hepatocytes are thought to bhe
the cells that are mainly responsible for this metabolism, but little is known
about the role of nonhepatocytes. These cells, mainly endothelial and Kupffer
cells, because of their anatomical location may interact with xenobiotics
before they even enter hepatocytes. Thus, it 1is important to compare
nonhepatocytes to hepatocytes as to their enzymatic capability to oxidize and
detoxify xenobiotics. In this study, we concentrated on the enzymes for
oxidation (mixed function oxidase, MFO) and glutathione-related detoxifying
enzymes (glutathione S-epoxide transferase, GEST; glutathione S-aralkyl
transferase, GAST; and glutathione reductase, GR) in the microsomal and
soluble fractions of isolated nonhepatocytes vs. hepatocytes as well as in
wnole liver tissue.

MATERIALS

Oxidized and Reduced Gluytathione (GSSG and GSH respectively), Metrizamide,
Bovine Serum Albumin (BSA Cohn Fraction V), NADPH, ADP, NADH, Phosphoenol
pyruvate (PEP), DNAse, Fructosel,6-diphosphate and Lactate dehydrogenase
(pyruvate kinase free) were obtained from Sigma Chemical Co., St. Louis, MO.
Gey's Balanced Salt solution was purchased from GIBCO, Grand Island, NY.
1,2-Epoxy-3-(p~nitrophenoxy) propane from Eastman Kodak Co., Rochester, NY.,
p-nitrobenzyl chloride from Matheson, Coleman and Bell, Norwood, OH.
Benzaphetamine Hydrochloride was a gift from The UpJohn Co., Kalamazoo, MI.
Collagenase Type II was purchased from Worthington Biochemical Crop.,
Freehold, NJ. Pronase £ was purchased from E. Merck, Darmstadt, Germany. A1l1l
other chemicals were reagent grade and were obtained from commercial sources.
Double distilled water was used throughout the experiment.

Tests for Cell Purity and Integrity: The purity and integrity of cells
jsolated were tested by 1ight microscopy (phase contrast), by trypan blue
exclusion, and by the relative distribution and specific activities of the L-
and Mo-type pyruvate xinase isoenzymes. The Mp-type pyruvate kinase (in
the nonhepatocytes) is not activated by the - addition of
fructose-1,6-diphosphate but the L-type pyruvate kinase (solely in
hepatocytes) ‘is activated 11-fold (5).

Cell Homogenization and Fractionation: A Polytron homogenizer was used at
setting or sec to obtain ce homogenates. The homogenate was then
centrifuged at 8000 g for 10 min in a refrigerated Sorvall centrifuge. The
supernatant was centrifuged at 100,000 ¢ for 60 min at 49C in a Beckman
ultracentrifuge with a swinging bucket rotor. The rotors were equipped with

microadaptors to enable the centrifugation of samples of 1 ml or less.

Enzyme Assays: The rate of GSH conjugate formation was determined for
glutathione S-transf?ras?s. P-Nitro benzyl chloride was the substrate for
GAST with E=1900 M~'cm~' at 310 nm; 1,Z-QPoxy-(grnitrophenoxy) propane was
the substrate for GEST with E=510 M-lem-! at J60 nm. Glutathione reduc
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tase was determined by the reduction of oxidized glutathione, GSSG, as
measured by the disappearance of NADPH (6). Mixed function oxidase was
estimated by measuring the disappearance of NADPH in the NADPH dependent
demethylation of benzphetamine (7). A1l asays were done using the appropriate
soluble or microsomal fractions of freshly isolated cells. The activities
were linear functions of protein concentration and of time.

Protein Determination: Before homogenization, the cells were washed with
Gey's baianced sait solution without BSA to completely remove the BSA
contained in the perfusion medium. The protein content in the soluble,
microsomal and homogenate fractions were then determined by Lowry's method (8).

METHODS
Animals: Sprague-Dawley male rats (300-400 g) were used.

Cell Isolations: Hepatocytes were isolated by a collagenase perfusion method
(1), 1ne [iver was perfused in situ in a perfusion chamber, first with Krebs
Hensleit bicarbonate buffer [KHBB) without calcium ion (pH 7.4) followed by
KHBB with the addition of 0.02% (w/v) collagenase, 4 mM calcium and 2% bovine
serum albumin for 40 min. The flow rate was 14 ml/min. at 379C, and
constant aeration was applied with 95% 02-5% C02. After perfusion the
liver was blanched completely, excised, rinsed in KHBB, blotted dry, and
weighed. Glisson's capsule was removed, the cells were shaken loose by gentie
agitation in KHBB with 2% BSA, and collected by centrifugation at 50 g for 5
min.

The nonhepatocytes were isolated essentially by the method of Mills and
Zucker-Franklin (2) modified by Knook and Sleyster (3). The liver was first
perfused with Gey's balanced salt solution (3 min), followed by the addition
of pronase (0.2% w/v, 3 min) and then digested with pronase (0.2%, 60 min).
In order to minimize DNA induced cell aggregation, 0.5 mg DNAse was added to
the pronase digestion step. The digested tissue was filtered, and the cells
collected by centrifugation at 300 (3 min), washed and differentially
centrifuged with concentrated Metrizamide (1400 g, 15 min) to remove red blood
cells,(4) The cells were counted on a hemocytometer.

RESULTS AND DISCUSSION

Cell Viability and Purity: The cells used for the determination of enzyme
activities 1n this study were shown to be greater than 90% viable, and there
was essentially no hepatocyte contamination in the nonhepatocyte preparation
as Jjudged by the pyruvate kinase activation method (Table 1). In pure
hepatocytes, pyruvate kinase is activated eleven-fold by the addition-of
fructose-1,6-diphosphate (1 mM) In nonhepatocytes, the activity is only
slightly activated showing essentially no hepatocyte contamination (5).

Enzyme Activities: The GEST, GAST, GR and MFQ activities from the soluble and
microsomal fractions of isolated cells and from liver were determined and the
specific activities are shown in Table 2. The specific activities in the
enzyme-
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isolated hepatocytes are higher than those obtained from the fractions of
wnole liver homogenate (Table 2) suggesting that the collagenase treatment
does not appreciably affect the enzymes studied. The nonhepatocytes had about
7% GAST acti.ity, 50% GEST and MFQ activities and 73% GR activity as compared
to hepatocytes; these results are based on protein content..

There have been no reports about the glutathione-related enzyme activities
in nonhepatocytes. Cantrel and Bresnick (9) have studied benzpyrene
hydroxylase in various hepatic cells by determining the fluorescence of the
reaction product, 8-hydroxy benzpyrene, and found that the specific activity
of benzpyrene hydroxylase in the nonparenchymal liver cells was only 7.5% of
the activity of that in parenchymal cells. This is much lower than the ratio
of MFQ activities in nonparenchymal to parenchymal cells obtained here (50%).
We measured the disappearance of NADPH in the NADPH-dependent demethylation of
benzphetamine (7). The difference in these studies may be due to the use of
different assay methods. Nevertheless both studies demonstrate that the
nonparenchymal cells have less MFQ activity than hepatocytes.

The subcellular fractions from nonhepatocytes were determined to contain
0.027 mg soluble protein per million cells, and 0.0063 mg microsomal protein
per million cells; the subcellylar fractions from hepatocytes contained 0.8 mg
soluble protein per million cells and 0.29 mg micreosomal protein per 10
cells, Thus, the enzyme activity expressed per million cells as shown in
Table 3 was calculated from the specific activity previously shown in Table
2. The nonhepatocytes had approximately 1/450 GAST activity, 1/100 MFQ based
on cell number activity, 1/60 GEST activity, and 1/40 GR activity as compared
to hepatocytes. )

The total protein contents in nonhepatocytes and hepatocytes were
determined to be 0.07 and 2 mg/per million cells respectively., The diameter
of a nonhepatocyte is 8-Hum?3? and that of a hepatocyte is 18-30u (10).
Assuming the cells are spheras, the volume ratio of a hepatocyte to a
nonhepatocyte is the ratio of the diameters cubed, or close to 27. Thus, the
ratio of the protein content in the hepatocytes to nonhepatocytes is within
the range of the volume ratio of the two types of cells.

The distribution of enzyme activity liver (Table 4) can be calculated from
the activity expressed per million cells (Table 3) and thg cell number per
gram tissue. In the rat, there are approximately 100x10° hepatocytes and
54x109 nonhepatocytes per gram liver (3,11). Thus, the nonhepatocytes had
less than or equal to one hundredth the activities of MFQ, GAST, GEST and GR
as compared to hepatocytes per gram liver, From this study, it is concluded
that the nonhepatocytes have significantly less capability in the oxidatiop
and glutathione-related detoxification of xencbiotics as compared to
hepatocytes. -
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Table 1. Determination of hepatocyte contamination in
nonparenchymal cells of liver (pyruvate kinase activation method)

Activation of pyruvate kinase
by addition of F-1 6-P

Tissue or Cell Type Tnis Lab van Berkel and Koster
Nonparenchymal Cell 1.417  0.18 (3) 1.008 (18)
Hepatocyte 9.4 11.8 (2) 11.77  (19)
Whole Rat Liver 6.79 0.70 (4) 6.52 (22)

Table 2. Enzyme activities of various types of hepatic cells and tissues

Specific activity (nmol/min/mg protein)

Enzyme Fraction Nonhepatocyte Hepatocyte While Liver 1issue
GEST soL. 42.9 17 (7 82 11 (8) 74.1 (23)
GAST SoL. 18.5 6 (6) 275 61 (8) 213 (18)
GR SOL. 47.4 2 (4) 65 7 (10) 50.3 (34)
MFO MC 7.49 2.3 (5) 16 5 (6) 12.6 (18)
A

"v:.'-;\qnm"'“'
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GR
MFO

SOL.
SoL.
MC

27 (0.1%)

69 (1.3%)
2.6 (0.6%)

1"' g
Table 3. Enzyme activities of hepatocytes and nonhepatocytes
Activity (nmol/min/106 cells)
Enzyme Fraction Nonhepatocytes Hepatocytes  Hepatocytes/nonhepatocytes
GEST SOL. 1.16 65.6 56.6
GAST SOL. 0.5 250 440
GR SOL. 1.28 52 40.6
MFOQ MC 0.048 4.4 96.7
Table 4. Distribution of enzymatic activity in various hepatic cells
Activity (nmol/min/g liver)
Enzyme Fraction Nonhepatocytes Hepatocytes
GEST SOL. 63 (1%)a 6,560 (99%)2

22,000 (99.9%)
5,200 (98.7%)
464 (99.4)

a: % activity in each cell type per

amount of liver

CMA 003359




PREPRINT

PRFLIMINARY ASSESSMENT CF THE

USEFULNFSS OF URINAKY TOTAL GLYCOSAMINOGLYCAN

FXCRETION IN THE DETECTION

OF SUBRCLINICAL LIVER DISEASE

@ 1
Charles E. Kupchella
Richard A. Greenberg
R.V. Warick

Carlo H. Tamburro

From the Cancer Center and the Departments
of Medicine and Community Health
School of Medicine, University of Louisville
Louisville, KY 40292 CMA 003360

' 1 Present Address: Department of Biological Sciences
' Murray State University, Murzay, Kentucky 42071




page 2

Summarz

Urinary glycosaminoglycan excretion measured as uronic acid
was studied in 60 asymptomatic vinyl monomer chemical workers.
Thirty-six had normally and 24 had abnormally functioning livers as
judged by a standard battery of biochemical liver tests. Urine
samples were assayed for both creatinine and total cetylpyridinium
chloride-precipitable uronic acid. Individual values were declared
to be normal or abnormal based on the range 2.0 - 4.8 ng uronic acid/
mg creatinine established as the normal range at the outset. The
frequency distribution of glycosaminoglycans for the groups of normal
and abnormal biochemistries were statistically siénificantly different.
The distributions did not differ in their means (t58=0,968), but did
differ in their variability (F23'35=2.381; P<0.05). The observation
that liver disease increases the range of value for total urinary
glycosaminoglycan excretion, but not the mean, suggests that this
parameter is not a useful general screening test in asymptomatic
individuals with hepatic dysfunction. The increased variance in
urinary glycosaminoglycan excretion in individuals with liver

disease may reflect or be related to a stage of the disease process,

At certéin stages of disease, glycosaminoglycan incorporation (into

scar tissue for example) may predominate while in other stages there

may be a predomiﬁance of glycosaminoglycan-releasing, tissue destruction
and/or an impairment of the liver's ability to clear glycosaminoglycans
from the blood. These possibilities warrant further study with greater
differentiation of disease categories and stages and with resolution of

specific glycosaminoglycans patterns.
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INTRODUCTION _ '

Changes in tissue, urinary and bloéd glycosaminoglycans (GAGs)
have been found to occur in many connective tissue disorders inciuding -
those of the liver (Galambos and Shapira, 1973; Koizumi, et al. 1967;
Kojima, 1964; Rubin, 1966; and Patrick and Keenedy, 1964) and in
hepatic cancer (Kojima, et alv, 1975t%pngh¢;qri, 1974: Kupchella, et al.,
1981; and Yamamoto and Teryama, 1973). In a previous report, we
described elevated urinary excretion of uronic acid in a number of
liver dis;ase states (Rupchella and Tamburro, 1976) ;nd showed that
ﬁnqiosarcoma patients exhibit a urinary GAé excretion pattern distinguishe
from that of normal urine by relative.increases in a hyaluronidase
rasistant fraction and a decre!t&«in & hyriuronidas. susceptible fraction
(Curran et al., 1977). The.puzpd!e‘&imth&l*study nII to assess the
potential usefulness of total urinary GAG. detcmin&s%ons in th . |
identification of liver disease adeQ*ﬂhﬂnzcal.&;xngimonomer) workers

other than hepatic angiosarcoma. ZWLA‘M
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MATERIALS AND METHODS

-

One huhdred non-biopsied workers (50 with and 50 without hepatic
biochemical abnormalities) were selected at random from among more
than 1200 vinyl chloride production workers at the Louisville plant
of the B.F. Goodrich Company. Participation was voluntary and 36 ' )
workers without biochemical abnormalities and 24 wbrke:s with biochemical
abnormalities elected to participate. Criteria used to determine the .

biochemical status of these workers' livers are summarized in Table 1.
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Urine specimens were collected during routine screening and
frozen until analysis. Twenty~five ml. amounts were subjected to
urinary GAG analysis in triplicate as described by DiFerrante
(1967) and 5 ml. samples assayed for creatinine using a Technicon
Autoanalyzer. Uronic acid determinations of cetylpyridinium-
chloride complexed GAGs were made according to the modified carbozole
method of Bitter and Muir (1962) and expressed as micrograms of
uronic acid per mg of creatinine. Based on our work with normal
controls (XKupchella and Tamburro, 1976) and reports by others
(Varma, EE.%E:’ 1974; DiFerrante and Rich, 1956) we defined the
normal range of urinary GAG excretion as 2.0 to 4.8 uag of uronic
acid per mg of creatinine, assuming that the normal ‘adult male
excretes 1.5 grams of creatinine every 24 hours (Sunderman and

. Boerner, 1940). Our definition of normal range was established
in advance of the study from previous data on a "normal" cohort
{640 adult males examined annually for 3-5 yrs). The data includes
physical examination, liver spleen scan, SMAC 20, chest x-ray,
0.5 mg/kg dose ICG clearance, negative HB Ag serology, cbc and

urine analysis. The GAG analysis was done blindly; i.e., clinical

diagnosis of the patients from whom the urine was collected was

not known.




RESULTS

Sixty GAG determinations were made, 6 of 36 (16.7%) workers

with normal hepatic biochemistries had GAG excretions of less than
2 or ecual to or more chan 4.8 ug uronic acid/mg creatinine. This

wag true for ten of the groups of 24 (41.7%) workers whose bio-

chemistries were abnormal. The freguency distributions are given

in Table 2.

DISCUSSION

We attempted here to assess the diagnostic, and other aspects
of the minimally expensive, minimally time-consuming method of
determining urinary GAGs. Because we found that the effect of liv r
disease on urinary GAG was to increase variance without appreciably
altering the mean, we have clearly not identified a new diagnostic
test. These results suggest however that liver disease may impact
on urinary GAG excretion in multiple ways. Subclinical hepatis dys-
function may favor uptake or incorporation of GAGs (fibrotic tissu
for example) while other diseases or disease stages are dominated
by GAG-releasing tissue destruction and/or the impairment of the

liver's ability to clear the blood of circulatory GAGs.
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TABLE 1

Liver function tests used to determine "biochemical abnormality
Biochemical abnormality was established if two or more tests in
group 1 were abnormal or if one from group 1 and two from group

2 were abnormal (negative otherwise).

GROUP 1 GROUP 2

Cammaglutamyl

- Alanine Transpeptidase (GTP)

Amino Transferase (ALT)

- Indocyanine Green Bilirubin (total) (TB)
Clearance (ICa)

- Alkaline Phosphatase (AP)

Aspartate amino transferase (AST)




Frequency (f) and Relative Frequeney (R.F.) of glycosaminoglycan
excretion levels for workers with normal and abnormal blochemicmsl
results., A T-test of independent means (t5g§=0.968) revealed no

significant difference, however an F-test of the independence of

variance (two-tailed) revealed significance (F23,6352.381) at the

P4 0,05 lavel.
Hormal . _ Abnormal

GAG® z R.F. z R.F.

<2 b 0.111 6 0.2%0
243 16 0.Lks T, 0.292
b <5 1 0.028 L 0.167
Sum 36 1.006, . ~15L$2h 1.000
Mean 2.886 T _,3.160
Varisnce 0.TW6 ) 1.776
Q'Pg uronic acid/mg creatinine °- o \

KRNI« 3 - P R

ML W BnL , tmvael o . '
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