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Dear Mr. Seawell:

The following describes what has been completed during the second year
of the Manufacturing Chemists Association's agreement with the University of
Louisville entitled, '""Research Techniques and Methods for Detection and Pre-
vention of Carcinogenesis in Industrial Workers'". Progress for each technical
proposal will be reported separately.

Technical Proposal A -- Immunological Systems for the Detection of Vinyl ‘
Chloride and Other Chemical Injury. H. P. Fortwengler

During the second year, Fortwengler's laboratory has continued
evaluating three independent aspects of the immune system of
industrial workers to determine whether cancer can be detected
earlier or to identify those at high risk.

Part 1. Evaluation of Immunocompetence of Humans Chronically
Exposed to Vinyl Chloride.

It has been demonstrated that lymphoid cells (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 purpose of this study was

to determine the immunocompetence of individuals that have
undergone prolonged exposure to VC momomer and have developed
liver lesions which, in some instances, are thought to presage
the development of the cancer angiosarcoma.

The scientific literature is replete with demonstrations of

immunodepression in cancer patients at various stages of
disease. There is very little information,however, concerning
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immunoevaluation prior to diagnosis of frank malignancy. We
used immunological assays that have demonstrated usefulness in
indicating immunodepression in cancer patients. These tests
include the enumeration of lymphocytes and lymphocyte function
assays. (For details, see report for fiscal year 1976-77).

These tests have been used to evaluate the immunocompetence of
individuals with possible pre-malignant lesions or other liver
disease as demonstrated by biopsy. A comparison of the
employees with demonstrated disease versus those employees
with no c¢linical or laboratory evidence of disease showed ne
immunological difference between the two groups. A comparison
of VC workers having high VC exposure (those with lifetime
exposure above the plant median VC exposure) with individuals
having low exposure (below the plant median) demonstrated a
slight pattern of immunodepression when lymphocytes were stimu-
lated by PHA and Con-A. However, further evaluation of this
data, even after additional immunological parameters were
examined, indicated there is no statistical significance between
the high and low exposure groups (1).

At this time, our preliminary interpretation of these results

is that there is no residual immunological depression as a result
of chronic exposure to increased levels of VC as determined by
the standard battery of immunological tests.

Part 11, HLA Frequencies in V.C. Workers.

An increased incidence of certain HLA types has been shown by
several reports to be associated with susceptibility to various
diseases. The first occupational disease-HLA correlation may
have already been found: HLA-B27 antigen has been found more
often in workers suspected of having the occupational disease
asbestosis than among a control population.

The microdroplet lymphocyte cytotoxicity test has been used in
our laboratory to HLA type approximately 429 individuals from
the Louisville vinyl chloride polymerization plant. As individ-
uals do not change their genetic complement of HLA antigens,
these determinations need to be done only once and do not need
to be repeated periodically as in various other biochemical
assays.

Tissue typing for 11 separate HLA-A antigens and 16 HLA-B
antigens and their possible increased association with angio-
sarcoma or other chemically-related diseases is about two-thirds
completed,
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Qur compiled data is being compared with the frequencies
obtained by two other large HLA studies. Frequencies of the
healthy individuals studied by Scott et al., 1977, and the
World Health Organization compare favorably to the frequencies
found in the study here at the University of Louisville.

A pattern of potential differences from normal frequencies has
been seen in VC workers found to have liver disease. Although
definitive statistical analysis will not be done until the

study is completed, differences are being seen in the frequen-
cies of antigens A9, Al3, AlS5, and Bl7. Whether these particular
antigens may be used to identify individuals susceptible to
chemical injury will have to await completion of the study.

Part III. A Search for Evidence of a VC-Induced Tumor Antigen.

New antigens arise on tumors formed as a response to carcinogens.
Their presence on methylcholanthrene-induced sarcomas was
discovered by Foley in 1953. This discovery in mice was verified
and extended by Prehn and Main in 1957 to conclude that there
were antigens peculiar to and specific for tumor tissue. Sub-
sequently, evidence for tumor antigens was found in humans by
‘ the Hellstroms, Vankey, Halliday and Maluish, Thompson and

' others. The majority of the evidence suggested that the tumor
antigens found were distinctive for each histological type of
tumor.

Since the body mounts an immune reaction to cancer, a cell-
mediated test system (lymphocyte transformation) was used to
search for evidence of specific immune reactions. Lymphocytes
(the cells responsible for immunity) from the individual tested
were isolated by centrifugation over Ficoll-Hypaque. These
cells were then grown in the presence of a liver reagent prepared
from either a normal individual or an individual who,had angio=-
sarcoma. A three-times increased incorporation of H -thymidine
into stimulated cultures as compared to unstimulated cultures is
a positive reaction.

A comparison of the responses between vinyl chloride plant workers
and normal non-chemical plant workers indicated that there were
many people in the general population having reactivity to tissue
antigens irrespective of whether these antigens were from liver
angiosarcoma or normal liver. Non-tumor specific reactions of
this type may be due to sensitization by ''matural' means, in-
jections of human or animal substances, transfusions, etc.
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Vinyl chloride workers were classified according to known VC
exposure and tested for reactivity to reagents prepared from
normal liver or angiosarcoma liver. Lymphocyte responses from
all individuals tested having low VC exposure (below plant
median exposure) were compared to responses from all individuals
having high exposure. No quantitative statistical differences
were noted between the reactivities of the two groups.

When viewed qualitatively, concomitant reactions by an individ-
ual's lymphocytes to both normal liver and angiosarcoma liver
cannot be interpreted. Angilosarcoma reagent contains both mormal
and tumor antigen. Therefore, only those remaining individuals
with reactions to either normal liver or angiosarcoma liver
alone were compared further. The composition of that group of
individuals reacting to the angiosarcoma liver reagent was
striking -- the only reactions obtained against this tumor
preparation were from individuals with high VC exposure. That
is, the individuals reacting to the tumor antigen reagent were
all from the high risk group.

These results must be interpreted with caution because of the
small number of individuals having reactions to only tumor
antigen. We are now in the process of testing control subjects
in replicate to determine if test and operator variations can

be further minimized. .Repeat determinations of selected exposed
individuals will, as a consequence of reduced variation, take on
greater statistical meaning.

In addition to testing for evidence of reactions to an "angio-
sarcoma antigen"”, we have found that the tumor cells contain
antigenic coagulation Factor VIITI. Factor VIII has been found
in tumor tissue from three imndividuals having had angiosarcoma.
Hoyer's finding in 1973 that only endothelial cells contain
Factor VIII, when combined with our findings, indicate that the
specific lining cell which becomes aberrant during the course
of angiosarcoma is the endothelial cell (2).

Technical Proposal B -~ Biochemical Enzymatic Systems for the Detection of
Vinyl Chloride and Other Chemical Injury and Cancer Development in
Industrial Workers. J. T. Du

Animal Studies

Animal studies are continuing to be conducted to determine which
biochemical changes occur early in the course of vinyl chloride
exposure and how the determination of these biochemical changes
can be used to a) detect early injury, b) to demonstrate a level
of exposure with no biological effect.
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The previous long-term experiment in Du's laboratory identi-
fied those metabolic pathways which best reflected vinyl
chloride handling. The second phase of this study, extending
exposure to over 250 hours, has verified the original findings
and illustrated adaptation of the detoxifying mechanisms of
rat liver with prolonged exposure at high levels (3).

Our second vinyl chloride exposure study exposed rats to 28,000
ppm VC for 70, 140 and 210 hours in durations of 2, 4 and 6
weeks. We examined the rat liver's ability to oxidize vinyl
chloride by study of the microsomal P-450 enzyme system (miked
function oxidase) and detoxification mainly by conjugation via
glutathione (GSH) and glutathione transferase. The results
showed an elevation of glutathione reductase in the liver (the
enzyme which regenerates reduced glutathione from its oxidized
form), followed by an elevation of the concentration of reduced
glutathione. This was later followed by an elevation of the
detoxifying enzymes, glutathione epoxide-S-transferase (GEST)
and glutathione aralkyl-S-transferase (GAST). These results
suggest that the rats had the capacity to induce detoxifying
enzymes as well as to maintain high glutathione concentrations
to strengthen detoxification capability. These biochemical
changes were evident while the conventional clinical liver tests
showed no abnormalities (4). ;

Also, our finding a2 higher level of glutathiome, and glutathione
reductase after vinyl chloride exposure, may be an early adaptive
biochemical mechanism which precedes the precancerous alteration.
This is similar to Fiala's finding that administration of hepato-
carcinogens to rats led to an increase in the concentration of
glutathione in the liver and that the concentration remained high
until the development of hyperplastic nodules (J. Natl. Cancer
Institute, 57:591-598, 1976). Further, there was a decrease of
P-450 concentration in the livers of rats exposed to vianyl chloride.
The decreasing P-450 would help the animal to produce less toxic
metabolites, and may reflect another means of biclogical adaptation
and help understand why the liver cell does not become malignant.

The present working hypothesis to explain why the primary liver

cell does not develop tumors in the adult animal is that it has

the ability to adequately detoxify the carcinogenic metabolites

of vinyl chloride. The adjacent sinusoidal lining cells most likely
develop the tumor (angiosarcoma) because of their decreased ability
to detoxify the metabolites. Further studies with isolated hepato-
cytes and endothelial lining cells and animal exposure studies will
be performed to elucidate the mechanisms.
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Technical

Isolation Studies

Some preliminary studies of liver cell isolation have been
started. Hepatocytes were isolated by collagenase perfusion
and endothelial and Kupffer cells by Pronase digestion. We
have successfully obtained cells of good viability. Newer
techniques using ultracentrifugation have become available
which will help further improve our yield and start the next
phase of our studies.

Hopefully, the use of isolated various liver cells to deternine
their ability to oxidize and detoxify chemicals may be used

to determine biologlcal threshold limits in more realistic
fashion.

Proposal C -- Glycosaminoglycan Changes in Earlier Detection of
Fibrotic Injury and Hepatic Cancer. C. E. Kupchella

Glycosaminoglycans (GAGs) are involved in wound healing and
scar formation (fibrosis). Certain GAGs are elevated in
malignant tumors including hepatic tumors, and it has been
postulated that GAGs may be important determinants of tumor
cell properties. A number of laboratories, including Kupchella's,
have established that urinary GAGs may serve as markers in
the pathogenesis of chemical injury, fibrosis, and cancer.
Although urinary GAG analyses have long been used clinically
to detect and diagnose genetically-determined metabolic dis-
orders of GAG metabolism, a systematic evaluation of urinary
GAG patterns in the detection and diagnosis of acute and/or
chronic necrotic and/or fibrotic liver injury -— or cancer --
has never been made.

The objective of this proposal is to determine the usefulness
of urinary and tissue glycosaminoglycan measurements in the
detection of chemically-induced liver injury.

Kupchella has reported a number of findings, (references 5-11),
some of which are described in previously submitted MCA reports.
A summary of the pertinent results follows. Abstracts previously
not submitted are provided in the attached appendix.

1. Human hepatic angiosarcoma and fibrotic liver diseases are
accompanied by elevated tissue GAGs. (5)

The GAGs in the angiosarcoma tumor tissue are different
from those in fibrotic tissue adjacent to the tumor. (5)
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Angiosarcoma and hepatoma patients have characteristic
urinary GAG patterns -- patterns not found in normal
controls. (6)

Heparin sulfate (a type of GAG) is elevated in hepatic
tissue undergoing experimentally-induced fibrosis and
heparin sulfate is elevated in the urine of experimental
animals. (7)

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

Livers of animals bearing metastasizing hepatoma (5123tc)
have 10-fold greater concentrations of a non-sulfated,
neutral, uronic, acid-positive material than is found in
the livers of animals bearing two other, non-metastasizing
hepatomas. (8)

Hepatic necrosis 1is accompanied by significant tissue GAG
elevations, but hepatic regeneration is not. (9)

Gross (non-fractioned) urinary GAG determinations give a
better indication of liver disease than ultrasound analysis.
However, modifications in GAG analysis must be evaluated
further as to specificity and sensitivity. (10)

Exacting urinary GAG analysis (fractionated) is potentially
able to differentiate active from inactive liver disease. (11)

PRACTICAL SIGNIFICANCE:

These studies address the needs for:

a. Useful screening tests for liver injury and for active
versus inactive disease -- urine tests of the type to be
evaluated obviously fit the ideal of being non-invasive
and having zero morbidity/mortality and not requiring
"time off".

Methods of therapeutic intervention, i.e., the elucidation
of the role of the GAGs in the pathogenesis of fibrotic
liver disease may well lead to the identification of
strategies by which fibrogenesis can be blocked and/or
reversed.
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Technical

Tests to identify individuals at risk of chemical injury --
if we are able to find characteristic GAG changes reflective
of chronic alcohol injury or other similar injury,we would
have a way of identifying individuals with liver impairment
in the screening of job applicants.

Proposal D -- Histological Systems of Detection. C.H. Tamburro, R.

Scar tissue (fibrosis) is a common early finding associated

with chemical injury to the liver as well as other organs. Vinyl
chloride and other chemicals have been shown to produce mild
injury undetectable by standard biochemical means but reflected
by increase in fibrosis associated with prolonged exposure.

Drs. Schrodt and Tamburro have been developing a means of
analyzing light microscopic sections of liver tissue obtained
from vinyl chloride workers to determine the feasibility of
quantitating the amount of scar tissue in these individuals
related to their exposure. Sinusoidal cell size and collagen
deposits within the sinusoidal Space of Disse have been deter-
mined by utilizing a relatively newly developed Hewlett-~Packard
9864-A digitizer and a 9815-A micro computer. With this equip-
ment, Schrodt and Tamburro have been able to quantitate the areas
of trichrome stainable collagen (fibrosis) within biopsy samples.
These morphometric analyses have been done on randomly selected
fields from biopsies obtained during medical evaluation in vinyl
chloride workers. There are now some 110 biopsies approximately
50 of which have been reviewed. Morphometric analysis, however,
has had to be delayed since there was no known standards of normal
human collagen content known for human adults.

A study has been begun to determine the normal distribution and
content of collagen at varying ages in normal individuals with-~
out history of chemical, viral or medical disease or injury of

the liver. This study is one-third complete., Preliminary re-
view of the data suggests that there may be an increase in the
collagen deposition (fibrosis) in the normal human liver associated
with age. If this holds true upon analysis after completion of

the study, age corrected standards will have been established so
that the data obtained from the vinyl chloride exposed human
biopsies may be accurately interpreted (12).

Resumption of the morphometric analysis of the vinyl chloride
exposed liver biopsies will be resumed upon completion of the
normal control study,

Schrodt
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Technical Proposal E -~ Chemical Systems of Detection of Toxicity of Vinyl
Chloride. J. L. Wong

Wong's current study of vinyl chloride toxicity/carcino-
genicity has been concerned with (1) the chemistry of vinyl
chloride metabolism, i.e., the structure of the intermediates
and their reaction with cytoplasmic chemicals, and (2) the
putative actions of the primary metabolites on nuclear
materials. Two putative metabolites, chlorooxirane (COR) and
chloroacetaldehyde (CAA), have been shown to react in different
ways with sulfhydryls (detoxification study) as well as with
nucleic acid constituents (mutagenesis and carcinogenesis
study). Radiolabeled derivatives are being prepared to observe
disposition and conversions in animals and isolated liver cells.

Results and Discussion

The detoxification studies are summarized in Table I. The
central question is how are the primary metabolites 1 and 2

TABLE [. DetoxiFicaTion oF VinvL CHLORIDE

PRIMARY METABOLITES COR? CAAZ .
Vo N
S—ACETALDEHYDES  HEMITHIOACETAL®
INTERMEDIARY METABOLITES THIAZENESs. o TH[AZENESS
URINARY METABOLITES S—ACETIC ACIDS S—-ETHYL ALCOHOL?

CHLORGACETIC ACID®

1 2 3 4
L * H—L—CHCL ~ RS—CH,CHO RS«—SH—CHZCL
¥ | ;

5 Qj,cozn & RS—CH,COH 7 RS—CHCHoOH ° CL—CH,COH

(RS FrOM 3,4-—DICHLOROBENZENETHIOL, N-ACETYLCYSTEINE
R'= acervL, H)

detoxified. Do they yield the same products or different ones?
We have studied their reaction with sulfhydryl compounds 3,4~
dichlorobenzenethiol and N-acetylcysteine. The benzenethiol was
used by the Stockholm group in a preliminary study to detect the
formation of CAA and COR from VC. The cysteine derivative is

a cellular sulfhydryl component as well as a close analog of
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glutathione. 1In the case of COR and benzenethiol, the sulfur-
conjugation product S-acetaldehyde, compound 3, is formed.
However, CAA and benzenethiol forms the hemithioacetal, compound
4. These two reactions are distinctly different. The formation
of hemithioacetal is reversible but that of the S-acetaldehyde
is not. With N-acetylcysteine, both COR and CAA yield the same
cyclic condensation product, a dihydrothiazenecarboxylic acid,
compound 5, in aqueous solution. This thiazene is a multi-step
reaction product, formed much faster with COR than with CAA.

It is plausible that 5 is the origin of the identified urinary
metabolites: S-acetic acid, compound 6, and S-ethyl-alcohol,
compound 7, and may itself be present in the urine. Furthermore,
the COR reaction when titrated with hydroxide to maintain pH 7
yvields a new product, the structure of which is yet undetermined.
These results and continuation study will enable us to undertake
a more comprehensive detection study of all the vinyl chloride
detoxification products in biological specimens.

The detection study of the putative action of vinyl chloride is

summarized in Table II. Our hypothesis is that such action
comes from the modification of the nucleic acid materials by the

‘ TAbLE 11. PutaTive Action oF Vinvi CHLORIDE. REACTION
wiTH NucLeic AciD Bases .

CAA ETHENO—C',  ETHENO—A?
L —ETHENO—G3, A—ETHENO—G?, HERIACETAL—G®

COR 6—7—ACETALDEHYDE® + ..

R
HaCHO
s SH [ +$ 2
2] V> ‘Nl N\> ey >
R H R Hz g

CHCH
primary metabolites COR and CAA. Although CAA is long known to
react with nucleic acid bases such as cytosine and adenine to

form the etheno derivatives, compounds 1 and 2, very little is
known about the reaction of CAA on the most reactive base guanine.
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By using a battery of modern analytical tools such as HPLC,

GC-MS and FT-NMR, we have found that the guanine base in various
forms, as the nucleoside, nucleotide and polyguanylic acid,

gives rise to two tricyclic ethenoguanines, the linear etheno
compound 3 and the angular etheno compound 4, and a third pro-
duct which is possibly an intermediate, compound 5. Their

ratios change with time and pH. It is worthy of note that some
of them exhibit fluorescence properties which would allow direct
detection in a cell nucleus. The reaction of COR with the guanine
base is more tricky due to the instability of COR in aqueous
medium. A multitude of products are formed which we have found
to be different from those of the CAA reaction. One major
product is tentatively identified as compound 6. It is important
to note that this is the first indication that COR and CAA show
different molecular events in their putative action.

Significance

Broadly speaking, this study will lead to early detection and
prevention of industrial cancers. OQur chemical methodologies
(synthesis, structure, and analysis), applied as an integral part
of the multidisciplinary approach, will elucidate specific
molecular events in the effects of vinyl monomers on industrial
workers. This information will form a rational basis for safe

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.

Proposal F -— Assays for the Carcinogenic Potential of Industrial
Chemicals Utilizing Prokaryotic and Eukaryotic Systems. U.N, Streips

In the second year of funding, Streip's laboratory has primarily
developed and expanded testing capabilities relative to industrial
chemicals. Thus, two new screening tests have been implemented:
the Comptest and the IIT test which are indicators for S0S repair
function. S0S repair is induced in bhacteria following massive
insult to DNA. This repair disregards normal DNA sequences and
actually results in mutations. $0S repair is postulated to

participate in the evolution of a neoplastic cell following
chemical damage.

The Comptest examines $0S induction in the bacterium Bacillus

subtilis and the III test determines the inhibition of interferon

induction in mammalian cell lines (also a suggested SOS function).
Since S0S repair is extremely error prone, we postulate that these
tests will be specific for carcinogens, not just act as mutagen
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screens. These tests are described in an upcoming publication (14)
and are summarized in Table ITI.

Table ITL

COMPOSITE MUTAGENICITY SPECTRUM OF CHUMECAL MONOMEGS®

Chemicals S1lmonelly Comptesc "Kepale Asazv® Forward Mutacion TIII test

vnlocoacetaldehyde
Styceuc oxide
Heehyl nechanesulfonate

trhyl methanesulfouatae

“Rosults ara expreased as (+) positive in cthe 2ssay parformed; () negative in tha assay perrormed: and (D)
uwl doteremined., Styrene oxlde was weakly reactive in the forwdrd wutacion test and pust be conafdered o
have borderline acrivicy in this assay (+).

As can be seen in Table III, the Comptest and the III test
discriminate between ethylmethanesulfonate (EMS) and methyl-
methanesulfonate (MMS), both potent mutagens but only MMS is
carcinogenic. We are currently testing chloroacetaldehyde and
styrene oxide in both of these tests. We will, in the third
year, be able to expand these new tests to be a part of our
complete battery of rapid screens for the assay of a wide
spectrum of industrial chemicals. In addition, our recent re-
sults should be applicable to industrial screening laboratories
and result in better overall monitoring of environmental hazards.

At this time chloroacetaldehyde has been highly positive (15) in
all assays tried and must be considered to be the active metabo-
lite of vinyl chloride. Styrene oxide shows variable activity
indicating it may have a different route of attack to cells than
most other active chemicals. Since it is strongly positive in
the TII test, we will have to postulate that styrene oxide may
be carcinogenic. This finding is being tested by the Comptest,
and styrene oxide will be examined in whole animal systems for
carcinogenesis.
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Technical Proposal G -- Tissue Antigens and Antibodies in the Detection of
Vinyl Chloride Injury. E. Espinosa

Espinosa's finding of an antigen missing in VC-related liver
angiosarcoma (detailed in the previous annual report) stimulated
further studies of antigenic deletion in chemically-induced
hepatomas and in cultured human liver carcinoma cells.

Some of the work in the past year has centered on the characteri-
zation of these liver tissue antigens in normal and chemically-
induced diseased states. Two liver antigens found to be absent
in the fast growing and undifferentiated chemically-induced Morris
hepatoma 7777 were characterized and partially isolated. 1In
studies of their occurrence in other tissues, one of these anti-
gens (Antigen I) was shown to be present in kidney and spleen in
addition to liver. The second 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 subcellular distribution in normal liver,
Antigen I appeared localized in cytosol (54%) and mitochondrial

' (38%) fractions. Antigen II was about equally distributed in
cytosol, mitochondria and nuclei fractions with little amounts in
microsomes. Antigen I has a electrophoretic mobility in immuno-
electrophoresis close to that of serum gamma-globulins and Antigen
I1 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 I
behaved like a protein of approximately 51,000 Daltons, using as
standards serum albumin, ovalbumin, chymotrypsinogen and
ribonuclease. The molecular size of Antigen I1 (determined om 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 slowlier
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 (16). 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.
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Another liver constituent which may serve as a sensitive indi-
cator of chemically-induced liver tumors, liver-specific
F-antigen, was studied. 1In studies on the behaviour 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 27 to 10% of the normal liver
concentration. The medium growing hepatoma, 5123tc, highly’
metastatic, had about twice the concentration as normal liver.
F-antigen of hepatoma 5123tc and of normal liver were found
localized in the cytosol subcellular fraction and were determined
to be immunologically identical and to have equivalent electro-
phoretic mobility and molecular weight,

Since the antigen was undetectable in the fast growing hepatoma

and undetectable or very low in the slow 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 (17).

In studies on cultured human liver carcinoma cells (after estab-
lishing optimal conditions required for the maintenance in serum
free media of PLC/PRF/5 human liver carcinoma cells) it was deter-
mined that these hepatoma cells, similar to the experimental Morris
hepatoma 7777, are deficient in liver-specific F-antigen. Never-
theless, these cells, like normal liver cells, produce serum
albumin, fibrinogen, transferrin, alpha~l antitrypsin and alpha-2
macroglobulin (18). 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 anti-
genic deletions may prove useful in early screening.

This completes the second annual report from the University of Louisville
Chemical Monomer Research Group. If there is need for any further information

or clarification, please contact me.

Siﬁcerely yours,

A ’_) // ;“1" VVI"I\IJ\I:I:JI
%f}lo H. Tamburro, M.D.
Professor of Medicine

Chief, Division of Digestive
Diseases and Nutrition
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LYMPHOCYTE RESPONSE TO ANTIGENS OF LIVER ANGIOSARCOMA IN
VINYL CHLORIDE WORKERS.

H. Philip Fortwengler, Michael E. Dever, Carlo H. Tamburro,
and Enrique Espinosa, University of Louisville School of
Medicine, Louisville, Kentucky 40232,

Angiosarcomatous liver tissue of vinyl chloride workers
was shown by immunodiffusion and immunofluorescent procedures
to include a tumor-associated antigen, antigens shared with
normal liver and other tissues and tumor-bound immunoglobulin
G. In addition, evidence has been presented for the existence
of a tissue or plasma antigen induced by, or conjugated with
vinyl chloride or a vinyl chloride metabolite. Possible lympho-
cyte sensitization to such antigens in 79 vinyl chloride workers
including 26 with liver abnormalities was assayed by the lympho-
cyte transformation test., Antigen extracts used were prepared
from the angiosarcomatous tumor and normal liver tissues,
Twenty normal individuals having no exposure to vinyl chloride
served as controls. Stimulation indices were calculated from
cellular incorporation of tritiated thymidine. Mean stimulation
indices in the normal individuvals for antigens of angiosarcoma
and normal liver tissues were 4.7 (SE 1.7) and 3 8 (¥0.9) and
in vinyl chloride workers, 1.8 (¥0.2) and 2.5 (0.3) respec-
tively. Mean stimulation indices for PHA and concanavalin A
in the normal individuals were 235 (¥35) and 209 (#30) and in
vinyl chloride workers 201 (¥23) and 180 (¥19) respectively.
Thus, these results suggest that vinyl chloride workers.have
a decreased lymphocyte response to antigens of liver angiosar-
coma and normal liver tissues rather than the hypothesized in-
creased reactivity. This appears to be due to a lower over—
all lymphocyte responsiveness in these chemical workers in
view of their decreased reactivity to PHA and concanavalin A.
(Supported in part by the Manufacturing Chemists Association)
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DECREASED GLUCOSE-6-PHOSPHATASE ACTIVITY IN LIVER IN VINYL
CHLORIDE EXPOSED RATS. J.T. Du* and C.H. Tamburro* (SPON:

M. Fonda) Dig. Dis. & Nutr. Sect., Dept. Med., Cancer Center,
Univ. of Louisville Med. Sch., Lou., Ky. 40201.

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. Khim
19:568, 1973) have been shown. We exposed adult Sprague-
Dawley rats to 10,000-20,000 ppm of vinyl chloride (VC), 4-8
hrs./day, 5 days/wk. for 3-4 wks. (40-140 hrs. exposure) to
induce liver injury and angiosarcoma formation. Glucose-6-
phosphatase, a key gluconeogenic enzyme in the liver micro-
somal fraction, decreased 25% over control (P<0.05 from com~
bined data). Other microsomal proteins and enzymes related to
VC metabolism, i.e., P450, NADPH-cytochrome ¢ reductase and
mixed function oxidase were unchanged in the same microsomal

. ‘fraction with no differences in either mitochondrial cyto-

-y

. ———_————

1

Fogas s o weed -

chrome oxidase or blood transaminases. The decrease in glu-
cose-6-phosphatase is similar to the lower gluconeogenic
enzyme findings in hepatomas. This may reflect an increase in
glycolysis and ribose-5-phosphate production associated with
de novo purine biosynthesis prior to tumor development, inhi~
bition in enzyme synthesis, or increased breakdown due to VC
exposure. Work is under way to determine the mechanism, The
decrease in glucose~6-phosphatase may be an early biochemical
lesion usable as an indicator of liver injury associated with
the subsequent development of angiosarcoma.

Fed. Proc., 35, 1422 (1970).
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TISSUS AND URINAZY GLYCOSAMIN ’VCnhS IN TRANSPLANTASLE
M-PATO”'S C. E Xudechella, X. L. Curran. E. Drate, J.
Kannedv, and C. H. Tamburro, Cancar Centar, and Divisico
0% Digestive Diseases and liutricion, Univarsity of
Louisville, School of Medicine, Louisvilla, Xentucky.
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The purpose of this investigation was to evaluate: a)
the glycoszminoglycans (GAGs) in differant behaviorzl
histolozical types of intermusculariy transplanted hep¢—
tomas, b) GAG pattarans in tumor tissue in relationship to
cegrees of fibrosis and recrosis, ¢) the GAG changes In th
livers of tumor-bearing animals, and d) urinary GAG eu~

cretion &s a Iuactiocan of tumor grewih. Three types of
Yorris hepatomas, 7777, 5123te, and 9613A, which diffzr in
rates oi growth, matzszatic potencizl, fibrosis, and
necrosis, were studied. Urinary and tissue GAGs wsra e~

acid. Tissue GaGs werz also evaiusted hiszcoct
using alcisz blue s:taining with and without
Teacrzens, Tumor tissu2 exhibitad four- Ta
ahaaua“ GAG levels in the hyaluror
12, and 111+ 9 vs. 25
spactively) and chcndroi:
and 208 + 22 vs. :
Fractions than uo.mal liver;
diffa" S_ga..h.:_ua"lti.y (.31 :"_ 7, i
‘10). The livers of tumor-bearing a:
sl;anu_y Teater Ryalurconic acid lavels than
Moracver, increasad urinery GAG excraticn was evi
}uﬁo waaxs Zn aninals tezring fsst-growing tuzors
tissua lavels in fast vs. s_ow-3zTcwing tumors wars n
¢ - - .
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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, Louis-
ville, Kencucky

This i3 3 collaborative comparison study
of the efectiveness of ultrasound, naii bed
capillary study and wrinary gl cosamineely-
can excretions in vinyl chloride workers
with biochemical dysfunction or histopatho-
logically documented injury.

[t represents an etfort to detect early mor-
bidity in vinyl chlaride workers. Included is
Dr. Maricq's method of investizating ¢apl-
luries of the middle anrd distal phalanges of
the fingers, including the nailfold, as a
screening test foe early chunges from vinyl
chlonde exposure. Anather new mathod is
Dr. Taylor's "“grey scale™ ulirasonographic
method which has not yet been widely
adopted for diugnosis of liver disease. Tha
University of Louisville group reported that
the first indicator of liver changes occurrad
in the vascular sinusoids and was refecrsd
by the appearance of mucopolysaccharides
in the unne.

The results of the massive clinical study in
Leuisville should soon be able to indicaiz
whether more sensitive ¢ritenia of early Jdis-
case may be forthcoming, especially from
the liver function testing. The special vajuz
of the ¢apillary and ultrasound method re-
main doubtful at this time for early detzction
of the effects of exposure 1o vinyl chloride,
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CANCER RESEARCH
2“ TISSUE AND URINARY GLYCOSAMINCGLYCANS IN
RANSPLANTASLZ HEPATOMAS CF DIFTERING
GROWTH RATES, Xupchella, C.E,, Curran, X,L.,
Drake, E,, Kennedy, J., and Tamburras, C.H.
Cancer Cantar and Departxment of Medicine,
University of Louisvilla, Louilsville, X7. 40232,
The purpose of this imvestization was to
evaluate the glycosazincglycans (GAGs) ia ¢dii-
ferent behavioral/histological types of intar-
nuscularly traasplanted hepateoz=as zzd in the
livers and urine of anizmals bearing
Fast (7777), madiva (5123te), an
growiaz Morris Hepztozas were studied.
and tissue GAGs weras extractad as cetvlpryi-
diniun complexes acd zeasurad as ursnic acid.
Tissue GAGs werz2 also evaluzted histochemically,
Tissue from fast, =ediun, and slow growing tumors
exhibited & to 6 fold greatar G&G lsvels than
noymal livar in the hyaluronic acid (90 + 13,
91 + 12, and 111 + 9 vs. 25 + 3 ug urcnic acid/g
dry liver, respectively) and chendrsizia sullata/
heparan suliats (261 + 29, 217 + 51, and 208 + 22
vs. 47 + 7 ug uronic acid/g, respectivaly) frzc-
tions; the heparia Zractions did nct diifar
significantly. The livers ¢f tuzor-bearing
animals exhibited sligh:cly graztar hraluronic
acid levals than ncrmal livers. Ineraased
urinary GAG axcretion was evident zitar two
wesks in aninals tearing fast-growing sumors.
These data teozether with thesa of our praviously
reportad studlias of GAG excrationm in huz=an
hepatic angiosarcoza (Curran, X.L., et al.
Cancer ¢0(6): 3030-3033) suggest chat uri
GAG analyses zay te useful io the dataction and
diagnosis of hepatic cancar.
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Higtologically these tumors consisted primarily of fusi-  assisted mnrpﬁrﬂif;ig'fo piquefor evaluiting: Hepalic?
forem neevons cella with prominent cosinophilic eytoplasi collagen nppears ety rthiy addpiabtE (o elinalihd-

embedded in oa dense connective tissue stroma, June-
tional activity, theque formation, and pigment were un-
common features. As a result desmoplastic nevi may be
confused with reticulohistiocytoma, atypical fibroxan-
thoma, dermatofibroma, and even necrobiotic granu-
lomas. Well defined intranuclear invaginations of cyto-
plasm occurred in 12 cases, and this was an important
feature differentiating desmoplastic nevi from these fi-
brohistiocytic lesions. Desmoplastic malignant mela-
noma must also be considered in the microscopic differ-
ential diagnosis, but distinguishing features of desmo-
plastic melanoma include indentification of preexisting

" malignant lentigo or acral lentiginous melanoma, atypical
mitotic figures, and foci of necrosis. Clinically most des-
moplastic nevi were dome-shaped nodules. The age range
was from 7 to 53 years (mean 28); duration from 2 months
to 15 years; male to female ratio, 6/8; and four patients
gave a positive history of preceding trauma. Five lesions
were located on the thigh or leg; and the rest, with the
exception of sparing the palms and soles, were widely
distributed. Desmoplastic nevi were compared to the
ordinary variants of mixed spindle cell and epithelioid
cell nevi in an attempt to define etiologic factors explain-
ing a desmoplastic reaction. Initially, it was thought that
patient age or preceding trauma might be important. No
satisfactory explanation could be found since, with the

“exception of a predilection for occurrence on the lower
extremities, the other clinical variables were not statis-
tically different.

Computer-Assisted Morphologic Quantitation of
Collagen in Human Liver Biopsies '
G.. H. Barrows, M. J. Joyce, G. R. Scuroort, R.
GREENBERG, AND C. H. TaAMBURRO. Departments of
Pathology, Epidemiology and Biostatistics, and Medi-
¢ine, University of Louisville, Louisville, Kentucky
40202,

Because unfixed liver is rarely available for analytical
studies, appraisal of the extent of #ollagen must be made
from appropriately stained sections of liver biopsy ma-
terial leading to judgemental as well as sampling error.
We have developed a computer-assisted morphologic
technique to evaluate the distribution of collagen in liver
biopsy material. We examined multiple biopsy samples
from patisnts dying suddenly with-no history of liver
disease to establish normal values. A Hewlett-Packard
9864-A digitizer and 9815-A microcomputer were used to
quantitate areas of trichrome stainable collagen within
the biopsy samples. Random area selection and statistical
analysis proved to be important considerations in deter-
mining the experimental model and these factors were
readily incorporated into the calculator program. Stain-
able collagen estimates in normal liver varied from 0 to
6.1 per cent {mean = 1.25 per cent) in patients with no
evidence of liver disease and showed considerable varia-
tion 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 con-
tent. Differences in central, mid-zonal, and portal colla-
gen could be obtained using this method. The computer-

jes, ‘I'his study of (B hRAE livlr Raplied thdwceusiderable
care must be taken before the clinical diagnosis of sig-
nificant fibrosis can be made.

Uptake and Nuclear Transfer of 17-Fluorescein-La-

beled Estradiol in Normal and Abnormal Human

Endometrium

G. H. Barrows, J. D. RiexnM, anp M. RILEY. Depart-

ment of Pathology, University of Louisville School of

Medicine, P.0O. Box 35260, Louisville, Kentucky 40232.

We have developed a 17-fluorescein-labeled estradiol
which is specifically transferred to nucleii of target tissue
{(breast, endometrium) and inhibited by synthetic and
natural estrogens. By in vitro incubation, patterns of
temperature-dependent nuclear uptake may be observed.
Marked cyclic variation is observed in normal human
endometrium. With proliferative and early sécretory en-
dometrium, temperature-dependent nuclear labeling is
present and appears to peak at late proliferative stages.
Mid and late secretory endometrium, while having spe-
cific cytoplasmic labeling, do not exhibit temperature
dependent nuclear labeling, This suggests that estradiol
transport during mid and late secretory phases is in-
hibited or minimal, Abnormal endometrial samples ex-
hibit a variety of patterns with the fluorescein-labeled
estradiol. Endometrium with cystic hyperplasia reveals
very little nuclear glandular staining, whereas in adeno-
matous hyperplasia strong nuclear uptake of the fluores-
cein-labeled compound is observed. Some cases of well
differentiated endometrial carcinoma have strong nu-
clear uptake of the fluorescein-labeled estradiol whereas
poorly differentiated endometrial carcinoma has little or
no nuclear uptake. The method provides a good means
of determining the endocrinologic behavior of glandular
versus stomal elements of endometrium and suggests
that in abnormal endometrium either variation in steroid
uptake mechanisms or hormonal milieu may be impor-
tant in the development of the lesion.

Aortic Infarction following Dissecting Aortic

Aneurysm

SanrForp H. BARskY. Departments of Pathology, Beth

Israel Hospital and Harvard Medical School, Boston,

Massachusetts 02215.

Aortic infarction was observed in 21 of 34 cases of
dissecting aortic aneurysm, This lesion occurred as a
central zone of necrosis, sparing media adjacent to the
true and false lumina. This infarct followed rather than
preceded dissection, took approximately 48 hours after
dissection to develop, and did not organize with time.
Lesions months to years in duration were similar histo-
logically to those only several days old, and although
there was some tendency to calcify in the older lesions,
inflammation was consistently absent. The lesion oc-
curred exclusively in the thoracic aorta, Histologically,
aortic infarction was completely distinct from medial
cystic necrosis (MCN). Aortic infarction was character-
ized by preserved elastic laminae with no increase in
mucopolysaccharides, in contrast to MCN which was
characterized by elastica disruption and increased mu-
copolysaccharides. When both MCN and aortic infare-
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Istpy~slz Mesytaror b roenleslion an o h lecgrsas aure -
¢oProates of Cvenr lunte Motbrong fergoanre, WoRRUNG, ULVIIPFLIR,

B W, HURLEINZ'CH, PRarmakola-ioobeas tngtitur, Lajuersicoay
vola, - REIn 4L, Pederal Repualic ef Aoroany

In sram=netative bagteria the cazvre=tricpendent typa of penlefl-
e rezfsrancs is annured 0 Be Laged An oo termeabtlizy Rasrier
17 the outer renbrane. In gran-postitives, Rosover, & siailar
funciion of the cell wall gould roe he established until row.
From euriivr studies we recedvl soe evidepce far 2 possitle
fa.e of the eveorlasnie reilrais tn this rentstanca nechanizn,

Lo g rrefore studied the tintine af Fe-henzelesafe(llin (Hic-rp)
t2 the mp~Lrancs of resistant and sensitive stanhvlococed.

irst wrole cells were inechated in tuffer with increasing con-
ceatrations of 14C-CP at 179C for 32 rin and then cytoplac-ic
mevbrancs were prepared follasing the rethod of F.R.KAHACK
(Yeth.Enzyrgl.XXI1l, 39-120 (1971)). In rerbranes of senaitive
stachvlozocci the binding increases sharply evaen at low goaleil-
lin-concentrations aad levels out atove ©.3 ameles léc-pp/nl.

In contrast, the bindipng to the resistant cells 45 reduced to a
high degrec. It reaches only 1-23 at o.) nmoles/nl. If the bin-
ding conatants are c¢alculated it ean be seen that tha number of
blnding sites $a tke sase Loeh in the resjstamt and ip the sensi-
tive rertranes (2o nmoles &P/7 rerbrane protedn). Hosever with
the resiscant merbroncs the affinity to penicillin iz decreased
Ly a factor of 250 to Joo,

To exclude a permeability barrier in the cell wall the birdiny of
penicillin to inolared nembranes was crxanined. The ingubation of
the renbranss with 19C-LP was carried out usder the same condi-
tions as already mentioned. In this case, too, the binding to the
rezistant membranes was greatly reduced. This is also due to a
high loss of affinity by apprex. the sane factor as above,

Fron thess results 3 permeability bacrier in the cell wall can be
excluded. The cause for this type of reststanca rust thus ba
located in the menbrane ltsalf, -

therefore the membrzne 1ipids were anslysed. Pifferences wera
otserved in the phospholipid fractioa, The tesistant moembranes
contain 4o-30t more cardiolioin and lo-15% more prosphatidyl-
glycerol than the sensitive ones. Alditionally a cardiolipin
derivative is found with the hydroxvl group of the central gly-—
cerpl molecule acylated, The other lipids ars unchanged in quan-
tity and in Iatty acid conpositien.

Fron this it can be coneluded that the intrinsic resistance of
stachylacocet i3 based on an altered membrane structure caused
by increassd lipophillty.

k.8

Chlogpoacetaldehyde-tnducad Darage to Bagillux subellfx. A. D. LAtDfBACY,
U. %, %iReIPSY, aad J. L. WONC. Bureau Foouiz, (DA, sad Calveralty of
Louls.llle, Scheol of Medicine, Wealth Scieaces Ceacar, Louisvillae,
teatucky 40212 (USA).

Chloroaietaliehyda (CAA), a propossd metabolite of vinyd chlocide
®atabelis:, has been shovn to be outazenic ta che Salowyslla ansay svsten,

and te spacifically inhibic che grawch of a tecothinit ton-deficiant cutant
of Bactlina aubeilis (Fllmore, €t al., BEA, &42: 40%, 1975).

Us have examined further the blologleal activicy of this covpound. Tirsc,
CAA eau & signiflcant increase in imduced rytations to screptalycin
resfstance. Using B, suntilis 164, the relstive mutstfon frequency (created
$ =¥ CAMcontrol) wau 13.6, wvhile using an her eutant ef B. subctlls the
Fraquency vas 14.2. Secondly, & survey of che availsble repaic-doflcient
cutants of B. subtilis revealad, that the oaly strains sensitive to CAA vers
of # Teg™ genotype. Furtheroors, the several rec” smtants, shov chres
typas of response to CAA.  Serong killing by €A ({nhibftion of growth of

10 k= er core) was exhibited oo the rocA, rech, rec—& (G511516), snd zec02?
(G511627) strains. Intercadtiata killtns (o-%zn) wvas showa with stratn:
bearing the reck, recF, anl rec-13 (BD24é) loci. All ether scrains arazined
(rzeC, recR, age-4l, hzr, pold, 3s well as soveyal rapatr-proficient
sultured) grew in che preseace of 0.14 CAN. Tha cffectz of CAA oo the
blolezical actlvity of DYA molecules fn vitre are beiny scudled.

Thesa studics are pact of an oafolng prosfat sponsared By the Yanufacturing
Ch.slszs Asanciazion to deterolne the golrculir baris for vinsl-chlorite
Laf.ced cavzlargeneata,
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Properties of 14 Week Maintenance Cultures of PLC/PRF/5 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
180 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. Affter treating 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 sSupernates was monitored and solid phase RIA assay revealed.3l to. 47
ratio~units/0.2 ml after 2 to 14 weeks in medium with 10% fetal calf serum.
The 14 week o0ld cultures were extremely well adapted to maintenance in serum
free 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 HBsAg-titers of supernates from these 1 week or 14 weck
cultures, wexe very similar to the previous harvests in 10% serum. In
addition, both young and 14 week cultures were similar in their rate of acid
production; and in that both elaborated serum albumin, fibrinogen, trarsforrii
and alpha-2 macroglobulin, the proteins tested to date.
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