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, LYMPHOCYTE TRANSFORMATION TESTS IN VINYL CHLORIDE (VC) WORKEFS.
H. Philip Fortwengler*, Michael E. Dever*,6 Carlo H. Tamburro¥,
and Enrique Espinosa, Univ. of Louisville School of Medicine,

" Louisville, KY 40201

Previous reports have shown circulating immune complexes in
VC workers and a tumor—associated antigen in VC-related liver
angiosarcoma. This suggests immune stimulation by a tissueor
plasma antigen induced by or conjugated with VC or a metabo-
lite. 1In this work, the in vitro lymphocyte reactivity for
such antigens was tested in 79 VC workers including 25 with
liver abnormalities, and 20 normal individuals having no ex-
posure to VC. The liver angiosarcoma antigen preparation in-
cluded the tumor-associated antigen and other tissue antigens
as shown by immunodiffusion. Stimulation indices (SI) were
calculated from cellular incorporation of tritiated thymidine.
Mean SI in the normal individuals for antigens of angiosarcoma
and normal liver tissues were 4.7 (SE¥1.7) and 3.8 (¥0.9) and
in VC workers, 1.8 (10.2) and 2.5 (10.3) respectively. Mean
SI for PHA and Con A in the normal individuals were 235 (¥35)
and 209 (¥30) and in VC workers 201 (¥23) and 180 (¥19) re-
spectively. Thus, these results suggest that VC 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.
(Supported in part by the Manufacturing Chemists Association)
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Philip Fortwengler*, Douglas Jones*, Carlo H. Tamburro*
and Enrique Espinosa (SPON: G. Randolph Schrodt). Univ.
of Louisville School of Medicine, Louisville, KY. 40232
To ascertain the endothelia) cell origin of VCA we have
locked for Factor VIII in the tumor since this factor ap-
pears to be specific for such cells (Hoyer et al., 1973).
Frozen sections of -three VCA and one idiopathic case were
examined for presence of Factor VIII by indirect immuno-
fluorescence. Sections of angiosarcoma demonstrated a
strikingly increased specific fluorescence which lined
enlarged sinusoids. This intense fluorescence was easily
seen on low power(l00x) as an irregular or splotchy pat-
term. Occasional striations of linear fluorescence which
did not follow hepatic cords were also present, A simila:
pattern of staining was also given by the idiaopathic an
sarcoma but was never seen in sinusoids of normal 1i\rer'
These observations were further supported by the finding
that absorption of Factor VIII antiserum with experimen- -
talangiosarcoma tissue resulted in complete inhibition
of immunofluorescence. These findings demonstrate that
VCA and idiopathic angiosarcoma include proliferating
cells containing Factor VIII and therefore strongly suppo
an endothelial cell origin of this tumor. (Supported in
part by the Manufacturing Chemists Association.)
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USE OF DYE CLEARANCE IN DETECTION OF HEPATOCELLULAR INJURY
AMONG VINYL CHLORIDE WORKERS. P. Fortwengler* and C, H. Tamburro.
Department of Medicine, Digestive Diseases & Nutrition Section, University of
Louisville, School of Medicine, Louisville, Kentucky.

 Serious hepatic injury associated with exposure to potentially harmful indus-
trial chemicals and the need for a sensitive method of early detection has been
previously noted among vinyl chloride workers. (Creech, J. L., et al,
Gastroent,, 67:786, 1974), Forty-three of the 1,183 employees of this poly-
vinyl chloride production plant with biochemical, radioisotopic, and histologi-
cal evidence of liver dysfunction were evaluated using indocyanine green (ICG)
dye clearance, at both the 0.5 mg/Kg =nd 5.0 mg/Kg dose. Pcrcentage dis-
appearance rates (PDR) werc determined by both blood and ear densitometry
with automatic computer calculation of PDR. Liver histology was normal

in 9, minor changes in 10, fat and minimal fibrosis in 14, portal fibrosis in 4,
fibrosis and lobular distortion in 2, and angiosarcoma in 4. Individual bio-
chemical tests correctly indicated hepatic status in 80-83% of the cases with
8% false positives and 10-15% false negatives. Radioisotopic studies alone
correctly indicated liver status in only 55%, with 45% either false positive or
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 values. Ear
densitometry with electronic calculator allows a dye clearance determination
over 10 minutes without drawing blood. This data demonstrates an effective
Tneans for early detection of industrial chemical hepatotoxicity.
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“The sponsoring member affirms that the material herein will not have been
previously published or presented at any national meeting, that any ammal stud-
ies conform with the "“Guiding Principles in the Care and Use of Animuls™ of the
American Physiological Society and that sny human expenimentation has beer
conducted according to a protocol approved by the institutional commitiee on
ethics of human investigatton or -if no such committee exists—that it conforims
with the principles of the Declaration of Helsinki of the World Medical Associs-
tion (CLINICAL RESEARCH 14:193, 1966).
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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
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DECREASED GLUCOSE-6-PHOSPHATASE ACTIVITY IN LIVER IN VINYL
CZLORIDE EXPOSED RAIS. J.T. Du* and C.H. Tamburro* (S70N:

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

Increases in key glycolyric enzymes paralleling hepatoma
tumor growth (Heinrich, et al., FEBS Letters, 42:145, 1974)
and decreases in key gluconeogenlc enzymes prior to and with
the development of hepatocas (Isok, et al., Voprosy. Med. Xhim
1973) have been shown. We exposed adult Sprague-
Dawley rats to 10,000-20,000 ppm of vinyl chleride (VC), 4-8
hrs./day, 5 days/wk. for 3-4 wks. (40-140 hrs. exposure) to .
induce liver injury and angiosarcoma formation. Glucosa—&-
phosphatase, a key gluconeogenic enzyme in the liver migro-
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-eytochrome ¢ reductase and
mixed functicn oxidase were unchanged in the same microseocal
fraction with no differences in either mitochondrial cyto-
chrome oxidase or blood transaminases. The decrease in glu-
cose—-6-phosphatase is similar to the laower 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
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ELEVATED GLUTATHIONE CONTENT, GLUTATHIONE-S-TRANSFERASE AND
GLUTATHIQNE REDUCTASE IN LIVER OF RATS EXPOSED TO VINYL
CHLORIDE Du, J.T.* and Tawburro, 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, 7hrs/
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 dfglutathione
aralkyl-S~transferase (GAST) was not significantly elevated
until 6 weeks of exposure to VC. The content of reduced
glutathione was also elevated 45% 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 direct route, there is
greater rearrangement of CEQO to chloroacetaldehyde, and de-
toxification with glutathione as supported by the delayed in-

duction of GAST (Supported by a grant from Manufacturing
Chemists Association).

,"
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Serum Bile Acids (SBA) Screening For .Chemical Hepatotoxicity.
Gary Liss* and Carlo H. Tamburro* (SPON:

William Waddell).

NIOSH Robert Taft Laboratory, Cincin., OH. & Liver Research
Center, Div. Occupational Health, Depts. of Medicine & Com- __

Deadline for Recsipt; May 7, 1982

Abstract Processing Fee: $20.00

munity Health, Univ. of Louisville, Lou., Ky.
Standard liver tests have limited ability to detect latent
liver disease (Environ. Health Perspect. 1981; 41:117-112).

40292.

Serum bile acids are more sensitive indicators of liver in-
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(CT) matrix and are increased with CT proliferation. Urinary GAG pat-
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holic cirrhosis, 7 non-hepatic cancers, and 9 controls. Hepatic histo-
logical and electron microscopic (EM) studies were obtained in all but
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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 digeation indicates that 1.25 M fraction is
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Since HS is associated with blood vessels, its increased urinary excre-
tiom in early VC injury and angiosarcoma (vascular injury and sinusoida
cell cancer) may be used as an early indicator of chemical injury and
liver cancer formation. ’
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512, and 111 + 9 vs. 25 + 3 ug uronic acid/g dry liver, re-
ispectively) 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 not
differ significantly (31 + 7, 17 + 4 and 67 + 11 vs. 39
'10)., The livers of tumor-bearing animals exhibited
'slightly greater hyaluronic acid levels than normal livers
Moreover, increased urinary GAG excretion was evident afte
itwo weeks in animals bearing fast-growing tumors. The GAC
'‘tissue levels in fast vs. slow-growing tumors were not sig
;nificantly different. This further supports our previousl
reported studies of urinary GAG excretion in human hepatic
angiosarcoma (Curranm, K. L., et al., Cancer 40 (6): 3050-
3053) in suggesting that urinary GAG analyses may be usefu
in the detection, screening and diagnosis of hepatic cance.
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ﬂoreover, inereased urinary GAG excretion was evident afte
itwo weeks in animals bearing fast-growing tumors. The GAC
tissue levels in fast vs. slow-growing tumors were not sig

nificantly different. This further supports our previous]
;reported studies of urlnary GAG excretion in human hepatic
langiosarcoma (Curran, K. L., et al., Cancer 40 (6): 3050-
3053) in suggesting that urinary GAG analyses may be useft
in the detection, screening and diagnosis of hepatic cance
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udy were found
GASTROENTEROLOGY. - lto have urinary GAG excretion patterns which were similar '
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-'ferences were found between high vs. low vinyl-chloride
fexposure 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
lf:.ndings support the concept that urinary GAGs are in-
creased only in active hepatic disease and may be useful in,
evaluating the degree of activity at the various stages f
liver disease in humans.
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Although glycosaminoglycans (GAGs) have been shown to be
elevated in many types of animal and human tumors including
hepatic tumors, the cause and significance of these changes
in neoplasia are still open questions. Regeneration and
necrosis are operative in hepatie cancer and the purpose of |
this investigation was to evaluata the GAG changes associate
with hepatic regeneration and hepatic necrosis. Regeneration
was induced in male Sprague Dawley rats by partial hepatectomy
and hepatic GAGs were evaluated at 4, 8 and 12 days post
operatively. Necrosis was induced by: a) ligating the aedium
lobe, b) by resecting and placing mediam lobes in the peritonea.
cavity and c) by resecting median lobes and incubating them in
vitro in sterile saline. Analyses were carried out after 3
days of treatment. While regenerating livers exhibited GaG
levels that were not statistically different from sham operated
controls or non-operatad coantrols, in vivo necrosis was
accompanied by 3-4 fold increases in tissue GAGs. These daca
suggest that necrosis may make a substantial contributionm to
the elevated GAG levels found in some tumors.
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hepatic tumors, the cause and significance of these changes
in neoplasia are still cpen questions. Regeneration and
necrosis are cperative in hepatic cancer and the purpose of
this investigation was to evaluate the GAG changes associlated
with hepatic regeneration and hepatic necrosis. Regeneration
was induced inm male Sprague Dawley rats by partial hepatactomy
and nepatic GAGs were evaluated at 4, 8 and 12 days post
operatively. Yecrosis was induced by: a) ligacing the zedium
lobe, b) by resecting and placing median lobes in che peritomea
cavity and c) by resecting median lobes and incubating them in
vitro in scerile saline. Analyses ware carriad out afcer §
days of treatment. While regenerating livers exhibited GAG
levels that were not statistically different from sham operated
controls or nou-cperated controls, in vivo necrosis was
accompanied by 3-4 fold increases in tissue GAGs. These data
suggest that necrosis may make a substantial contribution to
the elevated GAG levels found in some rumors.
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Early Detection of Discase in Individuals Ex-
posed 10 Vinyl Chloride.

Richard Greenberg, MD. und Carla Tam-
burro, MD, University of Lowsville, Lonis-
vifle, Keniucky

This is a collaborutive comparsan siudy
of the efectiveness of ultrasound. naii bed
capillary study and urinary glycosaminogly-
can excretions in vimvl chlonde workers
with biochemcal dysfunction or histapatho-
logicully documented injury.

lt represents an etfort to dotzct early mor-
bidity in vinyl chloride workers. Included is
Dr. Mancg's methad of iavestivating capl-
turies of the middle and distal phalanges of
the fingers. including the mailfold, as a
screening test for early changes from vinsl
chlonde exposure. Ancther new msthod is
Dr. Tuylor's "grey seale™ ultrnsonopraphic
method which has not yet been widely
adapred for disgnosis of hiver disease. The
University of Louisville group reporied that
the first indicator of liver changes ocsurred
i the vascular sinusoids and was reflecicd
by the appearance of mucopolysaccharides
in the unne.

The results of the massive ¢linical study in
Leouisville should soon be able 10 indicais
whether more seasitive critenia of early dis-
ease may be forthcoming, especially from
the liver function testing. The special value
of the capillary and ultrasound method re-
main doubtful at this time for early de:ection
of the effects of exposure to vinyl chlonde.
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Computer Assisted Morphologic Quantitation of Collagen in Human Liver Biopsies.

Name(s) of authors, institutional affiliations and addresses:
G. H. Barrows, M,D,, M.J. Joyce, G.R. Schrodt, M.D., R. Greenberg, Ph.D.,
C.H. Tamburro, M.D. Departments of Pathology, Epidemiology and Biostatistics,
and Medicine, University of Louisville, Louisville, Kentucky 40202.

) 502-588-5341 Ext.

Underline name of author to notify and give Telephone (Area
Address:_ Department of Pathology, University of Louisville School of Medicine,
40232

P.0. Box 40232, Louisville, Kentucky .
1D

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 1ive
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 mu]vtip1e biopsy samples from

patients dying suddenly with no history of liver disease to establish normal ’

A Hewlett-Packard 9864-A digitizer and 9815-A micro computer were used

values.
to quantitate areas of trichrome stainable collagen within the biopsy samples.

Random area selection and statistical analysis proved to be important consider-

T~
fllNp
gf §§ ations in determining the experimental model and these factors were readily in-
_0;:-'1 ;5:5.;‘5' corporated into the calculator program. Stainable collagen estimates in normal
5 5253 liver varied from 0 to 6.1% (mean = 1.25%) in patients with no evidence of 1iven
:;:3 g’g Ef’ disease and showed considerable variation even in different biopsies from the
-5; fggﬁ same patient. As anticipated, subcapsular biopsies had more collagen than deep
8(4;: §[§ 5':5 biopsy; however, the specimens from several deep biopsies often had significant
§;§§ variation in collagen content. Differences in centfa], mid-zonal and portal
mﬂé’/ﬁ éoﬂagen 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 liver implies considerable care must

|he taken hefare the clinical diagnosis of sianificant fibrosis can be made.
(Limit abstract 10 250 words or less)
(OVER)
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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 live
We have de-

biopsy material leading to judgemental as well as sampling error.
veloped a computer assisted morphologic technique to evaluate the distribution

of collagen in liver biopsy material. We examined multiple biopsy samples from

patients dying suddenly with no history of liver disease to establish normal

A Hewlett-Packard 9864-A digitizer and 9815-A micro computer were used

values.
to quantitate areas of trichrome stainable collagen within the biopsy samples.
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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, Lou15v1lle,
Ky., and Stratton Laboratory for Study of Liver Disease,
Mr. Sinai School of Medicine, New York, N.Y.

Industrial vinyl chloride exposure is associated with
hepatic subcapsular, portal, and perisinusoidal fibrosis
jand hyperplasia of both sinusoidal cells ani hepatocytes.
Earlier histological studies, mainly on autapsy material,

t
1

iindicated that focal mixed hyperplasia (of hepatocytes and -

fsinusoidal cells) is the early histologic akteration indi-
icative of exposure. To substantiate this observation and
.its potential use in screening workers, liver biopsies from’
.55 persons were investigated in double blink duplicative
fashlon- 34 were workers exposed to chemicals with hepatic
blochemlcal abnormalities, and 21 were a comparison group
‘composed of 8 non-~exposed persons and 13 exposed workers
w1thout hepatic abnormalities who had biopsies for non-
liver related reasons. Of the exposed workers with abnor-
malltles, 12 (35%) had a hepatic lesion consistent with '
'expoqm:e- 6 (18%) had focal hepatocytic hyperplasia; 6 (18%)
had focal mixed hyperplasia. In contrast, aely 5 of the
comparlson group (2 exposed and 3 non- exposad persons) had
s:.mllar findings; 1 exposed and 2 non-exposed had only
ifocal hepatocytic hyperplasia. The other exposed worker ]
Ead focal mixed hyperplasia as did the other non-exposed :
individual who, subsequent to the biopsy, was found te have |
'angiosarcoma Thus, only 19%7 of the comparison group !
demonstrated hepatic lesions with chemical exposure, half i
of whom had worked with chemicals. Of the 55 biopsies, 22 !
ere re-read double blindly 2 to 4 times over a 2-year
eriod. In addition, 9 of these individuals had second or |
thlrd biopsies also read double blindly, Duwplicate readings
tere identical in 86%Z, 9% had 1 positive and 1 questionable
eading, and only 5% were read differently. Focal hepato~- !
cycic hyperplasia, in addition to the previcasly described
mlxed hyperplasia, appears to be the earliest identifiable
changes consistent with chemical exposure aed seem to be
precursors of angiosarcoma. They are useful in the
screening of chemical workers.
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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, Ky.

Chloroacetaldehyde (CAA), a proposed metabolite of vinyl chloride meta-
bolism, 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 5mM 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 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)
strains. Intermediate killing (3mm-8mm) was shown with strains bearing the
recE, recF, and rec-13 (BD246) loci. All other strains examined (recC,
recH, mtc~41; uvr, her, polA, as well as several repair-proficient cultures)
grew in the presence of 1.1M CAA.

These studies are part of an ongoing program sponsored by the MCA to
determine the molecular basis for vinyl-chloride induced carcinogenesis.
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Ross v. Conocco, Inc., No. 90-4837
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Chloroacetaldehyda-induced Damage to 2acillus sybrilis. A.D2. Laumbach,
U.N. Streips* and J.L. Wnng. Bureay Foods, FDA and U. Louisville, Louis-

Chiorsacecaicenvae (CAA), a proposed metsbolite of vinyl chloride meta-
Soiism, nos b2en shown to be mutagenic in the Salmenella 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 5mM 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 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 (GSYL616), 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, mre~41, uvr, her, polA, as well as several repair-proficient cultures)
grew in the presence of 1.1M CAA.

These studies are part of an ongoing program sponsored by the MCA to
determine the molecular basis for vinyl-chloride induced carcinogenesis.

CMA 0039308




Chloroacetaldehyde-induced Damage to Bacillus subtilis. A.D. Laumbach,
U.N. Streips*, and J.L. Wong. Bureau Foods, FDA, and University of
Louisville, School of Medicine, Health Sciences Center, Louisville, Ky.
40232 (UsSA).

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, 442:405, 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 14.2. 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) strains. Intermediate killing (3mm-8mm) was shown with strains
bearing the recE, recF, and rec-13 (BD246) loci. All other strains examined
(recC, recH, met-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
biclogical 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 SCREEN FOR THE CARCINOGENIC |

POTENTIAL OF CHEMICALS. Gerald Sonnenfeld,” Mary Garol Barne2, and
Uldis N. Streips, Department of Microbiology and Immunology, 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 fnterferon
could be sharply reduced by pretreatment of the cells with the known car- ' -
cinogens benz—o-pyrene, aflatoxin, 2-aminofluorine, and the #4 fraction of
tobacco smoke condensate. This finding suggested that inhibition of
interferon induction (I-I-I) 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 (MMS) a car-

" cinogen and mutagen and ethylmethanesulfonate (EMS) a non-carcinogenic
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mutagen. Both of these chemicals are active in the Ames Salmonella assay
but can be separated in "S0S" induction assays such as the Comptest. Ian °
the I-1-1 assay, MMS was hipghly positive while EMS showed no iInhbition of
interferon induction. Thus, the I-I-I assay appears to have the potential
to screen for carcinogens. Preliminary results using the carcinogen chlor-—
acetaldehyde and its non-carcinogenic analogs chloroethanol and chloro- ,‘
acetic acid support this idea. Following further verification of the dis-
crimination potential of the I-I-1I assay, this test could become an integ—
ral part of a comprehensive battery of tests for chemical carcinogenicity.
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INHIBITION OF INTERFERON INDUC*ION AS A SCREFN FOR THE CARCINOGENICI
. POTENTIAL OF CHEMICALS. Gerald Sonnenfeld,” Mary Caxol Barne#, and
Uldis N. Streips, Department of Micrabiclogy and Immunology, Uniwv. of
Louisville School of Medicine, Louisjille, Kentucky 40232.

Type I interferon was produced after challenge of mouse embryo
fibroblasts with Newcastle disease virus. This production of interferom
could be sharply reduced by pretreatment of the cells with the known car-
cinogens benz-a-pvrene, aflatoxin, 2-aminofluorine, and the|#4 fraction of
tobacco smoke condensate. This fin:jng suggested that inhibition of -
interferon induction (I-I-I) 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 (MMS) a car-~

" cinogen and mutagen and ethylmethanesulfonate (EMS) a non-carcinogenic :
mutagen. Both of these chemicals are active in the Ames Silmouella assay
but can be separated in "SOS" inductﬂon assays such as the CQomptest. In °
the I-I-1 assay, MMS was highly positive while EMS showed ng inbbition of
interferon induction. Thus, the I-I~I assay appears to have the potential
to screen for carcinogens. Preliminary results using the carcinogen chlor-
acetaldehyde and its non-carcinogenic analogs chlorcethanol and chloro~ ;
acetic acid support this idea. Following further verification of the dis-
crimination potential of the I-I-1 asray, this test could become an inreg-
ral part of a comprehensive battery of tests for chemical carecinogenmicity.
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30TH ANNUAL MEETING OF THE TISSUE CULTURE ASSQCIATION, INC,

Properties of 14 Week Maintenance Cultures of PLC/PRF/S Cells. P.B.

JOHNSTON*, E. c£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 B. However,after
80 passapes, 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 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 supernates was monitored and solid phase RIA assay revealed.3l to 47
ratio~units/0.2 ml after 2 to 14 weeks in medium with 107 fetal calf serum.
The 14 week old cultures were cxtremely 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 HEsAg-titers of supcrnates from these 1 week or 14 weck
cultures, were very similar te the previous harvests in 107 serum. In
addition, both young and 14 week cultures were similar in their rate of acid
production; and in that both elaborated scruwm albumin, fibrinogen, transforris
and alpha-2 macroglobulin, the proteins tested to date.
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The reproducibility in identifying these histological lesions is quite
high. Under double blind conditions there was consistent 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 useful 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 concomitant granulomatous process (four individuals
with granuloma were repeatedly read as negative and two individuals with gran-
uloma were repeatedly read as positive for chemical Tiver 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. During the first phase, tests
with the greater sensitivity for identifying Tiver 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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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. 1In later stages sinusoidal cell activation occurs involving both
the macrophagic énd 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.

Qur 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, a more
advanced lesion, was only found in chemically exposed workers and 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 précursors 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 period 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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this worker cohort had shown that all the cases of angiosarcomas had z2n average

3.3 or

-1

vinyl cnlaride exposure ranking (AER) of 3.5 or greater, AER's o
greater occurred in 45% of the CLI group. In contrast, those with 1iver disaass
(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 two histological groups
of chemical workers with evidence of liver disease is illustrated 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 associated 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 Tiver disease of a non-chemical origin.

DISCUSSION

Figure 8 provides the most likely progression in the development of vinyl
chioride 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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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 Tiver 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 two histological groups
of chemical workers with evidence of liver disease is illustrated 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 associated more
with abnormalities in the alkaline phosphatase, which was far more frequently
abnormal in workers with chemical Tiver 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 liver disease of a non-chemical origin,

_ DISCUSSION

Figure 8 provides the most Tikely 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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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 determination at any time
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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for each job for each year based on the best availabie information and
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cnamicals was based on tne various job classifications he/she heia 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 Tesions 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 abnorma}l
biochemical screening tests had hepatic lesions consistent with chemical expo-
sure. Of the remaining two, one had focal hepatocellular hyperpiasia; 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.

Reproducibility

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).
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for each job for each year based on the best available information and
industrial expertise. Each worker's cummulative expasure to each of the 22
chemicals was based 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 hepatic Tesions 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
bhiliary stones. Table 1 1ists the hepatic lesions found in those with and
without biochemical abnormalities for the entire group.

Reproducibility

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).
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hepatocellular hyperplasia; b) focal increased reticulum associated with the
hepatocytic hyperplasia; ¢) 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.
Fach 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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nucleoli with a moderate amount of cytoplasm which reacted
on PAS staining and persisted after 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 earliest 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
Hepatocytic changes are referred to as focal mixed hyperplasia or FMH.

For purposes of this study, early fibrotic changes were not classified
since the majority 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

Sty
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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 sinusoidal dilitation and focal increase in the
reticulin framework illustrated best by silver impregnation
(Figure 2b).

Sinusoidal lining 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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CATROUCT 0N
Tndustrial vinyl zhlorida and othzr vinyl monorer exposure '5 asscciaged
with various heoatic histolcgical gonormelitices., These include subcadsular,
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 hyperpiasia (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 medical surveillance screening of the exposed workers, liver bioosies
from 73 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 METHOOS
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 bilirubin (TB), gamma glutamy] 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 chenrical 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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INTRODUCTION

Industrial vinyl chioride and other vinyl monomer exposure is associated
with various hepatic histological abnormalities. These include subcapsuiar,
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 medical surveillance screening of the exposed workers, liver biopsies
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 bilirubin (TB), gamma glutamyl transpeptidase
(GGT), prothronbin 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-spleen radioisotopic scan abnor-
malities. '
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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 1iver biop-
sies for non-hepatic related reasons during the same fime 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 double blindly, and 10 individuals had 23 readings
of the same biopsy; 21/23 (91%2) duplicate readings and 27/28 (96%) multiple
biopsy readings in the same individuals were identical. Only 18% of either
duplicate and/or multiple 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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EARLY HEPATIC HISTOLOGICAL ALTERATIONS
AMONG CHEMICAL (VINYL MONOMER) WORKERS

1Carlo H. Tamburro,ZLasz1o Makk, and3Hans Popper
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andZSt. Anthony Hospita1,1University of Louisville
Louisville, Ky.,astratton Laboratory for Study of
Liver Diseases, Mt, Sinai Hospital fo Medicine,
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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 bigpsies

in the same individual. This may be due to the increased time and attention

rneeded for wedge section review in order to determine the absence or presence

of these lesions anywhere in the specimen. There are, however, some pitfails

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 useful 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 concomitant 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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CONCLUSTIONS
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.

CONFIDENTIAL

Subject to Protes
Boss v. Conozo,
14th Jidimios
“icial Digtrint Mapes
Colensiey poprgs L8 Mourt

s
*1ve Order 1p
Ina, | »

2., Yo. 90-4g37

eed e

CMA 003935




CMA 003936

REFERENCES
1. Popper H, and Thomas LB, Alterations of liver and spleen among workers
exposed to vinyl chloride. Annals of the New York Academy of Sciences 1975;
245:172-194.
2. Thomas LB and Popper H. Pathology of angiosarcoma of the liver among
vinyl chloride-polyvinyl chloride workers, Annals of the New York Academy
of Sciences 1975; 246:268-277.
3. Gedigk P, Muller R and Bechtelsheimer H. Morphology of liver damage
among polyvinyl chloride production workers. A report on 51 cases. Annals
of the New York Academy of Sciences 1975; 246:278-285.
4. Greenberg RA and Tamburro CH. Exposure indices for epidemiological sur-
veillance of carcinogenic agents in an industrial chemical environment.
Journal of Qccupational Medicine 1981; 23:No. 5, 353-358.
5. Greenberg RA and Tamburro CH. Monitoring exposure to hazardous chemicals
in an industrial setting: a method of demonstrated utility. Journal of

Occupational Medicine 198

6. Tamburro CH and Greenberg RA. Effectiveness of federally-required
medical laboratory screening in the detection of chemical liver injury.
Environmental Rﬁgépectives,198l , 41:117-122

7. Tamburro CH, Davidson CS, Fisher MM, et al. Medical surveillance for

chemical hepatotoxicity, Guidelines forDatection of Hepatotoxicity ue to

Drugs and Chemicals. Davidson CS, Leevy CM and Chamberlain EC (ed.) U.S.

Department of HEW, NIH Pub. No. 79-313, 1979, Chapter 5; 60-80.

CONFIDENTIAL
Subject to Protective Order in
Poss v. Conoco, Inc., No. 90-4837

14th Judicial Distriet Court
Calcasieu Parish, Louisiana




2ZFZRENCES

worara

1. Pepper H, and Thomas L3. Ziseraticns of tiver and scleen amon

J]

expesed to vinyl chioride. Annais of ihe fizw Tork Academy of Sciences 1§75
245:172-194.

2. Thomas LB and Popper H. Pathology of angiosarcoma of the liver among
vinyl chloride-polyvinyl chloride workers. Annals of the New York Academy
of Sciences 1975; 246:268-277.

3. Gedigk P, Muller R and Bechtelsheimer H. Morphology of liver damage
among polyvinyl chloride production workers. A report on 51 cases. Annals
of the New York Academy of Sciences 1975; 246:278-285,

4, Greenberg RA and Tamburro CH. Exposure indices for ep‘emio]ogica] sur-
veillance of carcinogenic agents in an industrial chemical environment.
Journal of Qccupational Medicine 198%1; 23:No. 5, 353-358.

5. Greenberg RA and Tamburro CH. Monitoring exposure to hazardous chemicals
in an industrial setting: a method of demonstrated utility. Journal of

Occupational Medicine 198

6. Tamburro CH and Greenberg RA. Effectiveness of federally-required
medical laboratory screening in the detection of chemical Tiver injury.
Environmental PreSpectives, 198§ , 41:117-122

7. Tamburro CH, Davidson CS, Fisher MM, et al. Medical surveillance for

chemical hepatotoxicity, Giidelines forD2atection of Hepatotoxicity [ue to

Drugs and Chemicals. Davidson CS, Leevy CM and Chamberlain EC (ed.) U.S.

Department of HEW, NIH Pub. No. 79-313, 1979, Chapter 5; 60-80.

CONFIDENTIAL
Su%ject to Protective Order in
Poss v. Conoco, Inc., No. 90-4837
14th Judicial District Court ,
Calcasieu Parish, Loulsizna CMA 003937




