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It is well known that toxic effects are caused by absorption
into the body of excessive amounts of any substance. When
this occurs the capacity of the body's normal defense
mechanisms are exceeded and this may result in more or less
serious consequences - as with an excessive intake of alcohol.
However, when the amount absorbed does not exceed this
capacity the body is capable of dealing with it without

toxic effects.

Reseerch on vinyl chloride (VC) in rats has demonstrated
that high doses of VC are handled in the body differently
than low doses. The resuits indicate that low doses of VC
are readily detoxified, but high doses of VC exceed the
body's normal defense mechanisms and detoxification is
slowed and perhaps changed. Therefore, exposure to high
levels of VC in rats results in an increased susceptibility
to toxic effects including cancer. From data available, EE

appears that induction of cancer is correlated with high

doses of VC where detoxification is slowed, altered or

incomplete, -and that cancer is not induced at low doses

where the body's normal defense mechanisms remain fully

operative.

by P. G. Watanabe et al.
April 28, 1976
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Summary of the Studics on the Pharmacokinetics of
Vinyl Chloride in Rats and its Possible Relationship
to Oncogenicity

P. G. watznabo, G. B, MoGowan, J. A. Zempel

wnd P. J. Gehr ng
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ABSTRACT

Studies on the fate of 14C-labeled vinyl chloride (VC)
following oral administration and inhalation exposure

in rats demonstrated that the disposition of VC in the
body is a function of the dose. As the dose or exposure
level of VC is increased the metabolism or detoxification
pathways become saturated. VC is detoxified primarily

by conjugation with nonprotein sulfhydryl groups in the
liver (primarily glutathione, GSH). Studies to chargc—
terize the depression of liver GSH as a function of
magnitude and duration of exposure to VC have shown that

a single 7 hour exposure of rats to 100 ppm or greater
results in an unequivocal depression of liver GSH. Exposure
to 10 ppm VC for 7 hours did not result in any depression
of liver GSH. These results suggest that.increasing

doses of VC deplete liver GSIH and consequently lower the
bodys defense mechanism for detoxification of the reactive

metabolites of VC. This increased susceptibility may
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result in induction of carcinogenesis, and from data
available, it ansears that & correlation exists between
Coscs of VO which couse turors and those that saturate

metabolic or dotoxifying pathways.

Conceptually, the results of these investigations indicate

that statistical projections utilizing data collected frem

rats exposed to high doses of VC are invalid for pre-

dicting the hazard of low level exposure because such

projections assume that the dynamics governing the fate

of VC in the body are unaltered; and in fact, the data

presented demonstrate that the fate of VC in rats is

highly dependent on the dose administered.

April 28, 1976
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Inhalation Studies in Rats, Mice and Hamsters'
With Vinyl Chloride

At Industrial BIO-TEST Laboratories, Inc., a study was
conducted to determine the effects from inhalation of vinyl chloride
monomer to rats, mice and hamsters. The study was supported by
the voluntary contributions of thirty-one VCM/PVC producing com-
panies and is administered by the Manufacturing Chgmists Association
with the advice and guidance of a technical panel of scientists.

In this study, 200 rats, ham.sters and mice (100 of each sex
or 600 animals total per exposure grou;;) were exposed to 50, 200 or
2,500 ppm vinyl chloride vapor 7 hours per day, 5 days per week.
Mice were exposed for 9 months while rats and hamsters were exposed
for 12 months. All animals were then kept for the remainder of their
natural lives (up to 2‘6 months of mice and 30 months for rats and hamsters).

‘There was an increased incidence in neoplasms_in the liver of all

3 species at all 3 doses and the incidences are dose-related. In general,

the only significant increases in rats or hamsters were in the liver. For

mice there appears to be an increased incidence of all neoplasms, but

particularly in the lung as well as the liver,

BOR 010673
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Vinyl Chloride Irhalation Study
Incidence {(percert) of Neoplasms - Males
Iyecivs Experimental Groups
ar T-I T-II T-II
Crian Control (20 pom) (209 ppm) {2500 ppm)
RATS
Liver 6.4 30.9 73.7 63.3
Kidney 0 7.4 0 0
Skin 19.0 11.2 5.0 2,0
Mise. 6.4 18.5 10.5 4.4
Pituitary
Brain
Mesentery
- Adrenals
Thymus
Lymph Node
Genital
MICE
Liver 1.8 27.0 90.2 90.8
Lung 1.8 30.2 67.1 87.7
Skin 0 0 1.0 4.0
Misec. 1.8 1.1 9.3 10.8
Kidney
Mesentery
Lymph Node
Genital
HAMSTERS
Liver 0 23,9 17.5 62.5
Skin 0 5.0 4.0 1.1
Misc. 0 15.2 7.5 8.9
Kidney ‘
Mesentery
Lymph Node
Thmus ' BOR
Genital 010674
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Vinyl Chlorice Izhalation Study

Incidence (percent) of Neonlasms - Females

Species i Experimental Groups
and T-1 T-11 T-III T-1V
O~z Creren] (50 == (220 =-m) (2500 opra) (2200 gz
RATS
Liver 4,8 39.5 76.3 78.5 76.7
Kidney 0 1.3 1.3 2,6 0
Skin 64.0 56,0 23.0 13,1 25,0
Misec, 17.9 13.2 9.2 8.9 6.8
Pituitary
Brain
Mesentery
Adrenals
Thymus
Lymph Node
MICE
Liver 0 36.1 82,6 . 85,9
Lung 4.3 43.1 60.5 8l1.2
Skin 2.0 - 37.0 17.0 20.0
Mise. 2,1 38.9 5.8 8.2
Kidney
Mesentery
Lymph Node
Genital
HAMSTERS
Liver 11. 4 18.2 26.6 60.6
Skin 0 2.0 15.3 1.0
Misc. 11.4 9.1 8.9 6.1
Kidney
Mesentery
Lymph Node BOR 010675
Thymus
Genital
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into rt on Mortzlity
and Gross Chbzarvaticns

in Pats, Mice and Hamsters
With Vvinvl Chloride

&1

in Rewo:

M. L. Keplinger, J. W. Goode,
D. E. Gordon and J., C. Calandra

Inducstrial RIO-TEST Laboratories, Inc.
1810 Frontage Road
Northbrook, Illinois 60062
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N Interim Report on Mortality

and Gruss Cogservatlions
in rav:, lico and Huansters
Vit Viny 1 Crloride

W. Goode,
C. Celancra

Industrial 2I0-TZST Laboratories, Inc.

1210 Fronzzage Road
Northbrecl:, Illinnis 60062

At Industrial BIO-TEST Laboratories, Inc., a study was
conducted to determine the effects from inhalation of vinyl chloride
mouomer to rais, mice and hamsters. The study was supporied by
the voluntary contributions of. thirty | VCM/PVC producing companies.
It is administered by the Manufacturing Chemists Association (MCA),
with the advice and guidance of a te_chnical panel of scientists from the
sponsoring firms.

The protocol fo;' the study was designed by the technical panel.
The study was designed as a life-span study in these species which
usually means 1-1/2 to 2 years for the "in-life" portion, with tissue
examination to follow this period of time. All animals were allowed to
live the remz;:.inder of their natural lives. Therefore, the total time of

the study was longer than 2 years.

BOR 010677
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In this study, 200 rats,. hamsters and mice (100 of each sex
or 600 animals total per exposure group) were exposed to 50, 200 or
2,500 ppm vinyl chloride vapor 7 hoﬁrs per day, 5 davs per week.

lice were exposed for 9 montas while rats and hamsters were exposed
for 12 mcrntlis. All znimeals were then kept for the remainder of their
natural lives.

The rats were CODBS Charles River; mice were CDI Swiss
Charles River; and the hamsters were Golden Syrian from the same
source. Food was removed during exposure, water was present and no
bedding was used at any time,.

The usual procedure in conducting inhalation studies in not to
have food present in the chamber during exposure. In at least some of
Dr. Maltoni's studies, food was present in the chamber. The question

contaminated food
was raised as to whether , would influence the onset or incidence of -
tumors, Therefore, a separate group of 100 female rats was exposed
to 2,500 ppm VCM while food was in the chamber.

All 600 animals per level were exposed in a single chamber,
The chambers were operated under dynamic conditions, The chambers
were sealed and were operated under slight negative pressure. This

was done so that, in case of an accidental leak, room air would flow into

the chamber instead of contaminated air flowing out of the chamber.

BOR 010678
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The concentrations in the chamber were analyzed using gas-
liquid chromatograchy. An automatic sampling device allowed samples
to be diovmn Irors Do locztions in each chomter, The concentrations at
all location: in cach charber were monitored every day during the total
period of operacion of the chamber.

Mozribund and dead animals received gross autopsies and many
gross lesions were photographed, The major organs of all animals
were fixed for histological examination.

There were no particularly adverse effects on body weights‘o;',
elements or enzymes measuredlin the blood.

The data for mortality or survival are presented in Tables I,

I and III. It can be seen that the last survivors of mice were sacrificed
or died in month 26, while the last survivors of rats or hamsters were
sacrificed or died in month 30. While these tables indicate ''mortality",
it should be noted that the numbers also include those animals sacrificed
in extremis,

In rats and mice (and somewhat in hamsters) there was a dose-
related increase in mortality., This is well illustrated by examining the
time to 100% mortality in the tables. For example, in mice the months
in which the re; was 100% mortality were 11 at 2, 500 ppm, 14 at 200 ppm,
16 at 50 ppm and 20 (male) or 26 (female) controls., In rats the months
were 16 at 2,500 ppm (both fed and fasted), 21 at 200 ppm, 29 (male) or

30 (female) at 50 ppm and 30 for controls.

BOR 010679
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Preliminary cxamination of tissues from mice which had
died afier abcut 6 or 7 months of exposure indicated possible tumors
ir the livers, lungs, memmary glands and/or skin, At that time
there was no evidence of tummors in the rats or hamsters,

A tabulation of incidences of ncoplasms for males and
females is presentcd in Tables IV and V. The males and females
were tabulated separately to reveal any differences between the
2 sexes, A comparison of the data indicates that there are no
real differences between males and females with regard to type or
incidence of neoplagms,

The data from these tables indicate an increased incidence
in neoplasms in the liver of all 3 species at all 3 doses and the
incidences are dose related. In general,the only significant increases
in rats or hamsters were in the liver. For mice there appears to be
an increased incidence of all neoplasms, but particularly in the
lung as well as the liver.

In many instances the incidences at the 2 higher levels
(200 and 2500 ppm) are about the same. This might be interpreted
as evidence of lack of dose-response. However these incidences
are very high and probably indicate nearing the plateau of the dose-

response curve at 200 ppm.

BOR 010680
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The incidences (liver) at 50 ppm are well above control
- values which indica;tes that this is a definite effect level,
A coraparison ol tumor dotz of fed and fasted (during
exposure) female rats c:cposcci tc 2550 ppm VCM leads to the conclusion
that there was no signiticent diflerence between the 2 groups.
For exarnple, the incidences of liver tumors were 77 and 78%.
Although the incidence of skin tumors was 25% in the fed animals
vs. 13% in the fasted animals, it should be noted that incidence in
this group of ;'a,sted animals was the lowest of any group (control
64%, 50 ppm 56% and 200 ppm 23%).
It was stated previously that there were 100 animals per
group {male or female). It will be noted in the tables of incidences
of neoplasms that the denominator in most cases is less than 100.
There are several reasons for this. As soon as an animal dies,
autolysis starts. If an animal is necropsied soon after death
the tissues are worth saving for histological examination. If,
however, several hours elapse from death to necropsy, the tissues
may not be saved if the pathologists feels there is too much postmortem
autolysis.
The animals were housed in groups. If an animal (particularly

mice, hamsters & rats) dies in a cage with other animals, cannibalism

BOR 010681
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usually occurs unless the dead animal is removed immediately,

_ When the chambers were open (no exposure) and an animal was observed

to be dead, it wes removed and tissues were saved. If an animal
c¢ied overnight, it freguently was lost .flor histology.
There is one othor important aspect for inhalation studies‘
cempared to other studics such as feeding, The chamber is
sealed during exposure. Even if an animal is observed to be dead
in the chamber, there is no way to remove it until the end of the
exposure. This results in loss of tissues for histology.
In most of the chronic inhalation studies now being conducted,
all animals are housed individually to. preveni many of these losses,
The denominator for the skin usually is 100 (or slightly
less such as 98 or 99). If an animal is cannibalized, the skin usually
is left. Even thoug.h there is autolysis or degeneration of other
organs and tissues, the skin is. not changed enough to present meaningful
evaluation. Therefore, tile denominator for the skin is higher
than for other organs or tissues, and does allow accountability
of the number of animals in the study.
It might also be emphasized that in the usual chronic toxicity
or carcinogenic study at the present time 50 animals per group
are judged adequate to start a study. With life-time studies in

rodents such as rats, mice or hamsters, a number of animals

BOR 010682
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are expected to be lost for good histological examination. The
number of 50 is used to assure that an adequate number, usually
20 to 25, are aviilstle for examinazion ot the end of the study,

The VCM study vas designed with twice as many animals
to zgeure thol the wswnl enzpreter wumber of 20 to 25 would be
available ot the end of the swudy. It will be noted that the denominator
in all cases exceeds the 20 to 25, and it far exceeds the 20 to 25

in almost all cases.
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TABLE I
TEST MATERIAL: Vinyl Chloride (Ethylene Derived)
Chronic Vanor Inhalation Toxicity Study - Albino Rats,
Albiro Mice and Golden Hamsters
Summary of Mortality Data - Albino Rats
Cunalolve poember of Morsalines at End of Mon:in
Month uc T-1 T-11 T-1I T-1V
Number M F M F M F M F F
1 0 0 0 0 0 0 0 0 C
2 0 0 2 0 1 ] 0 0 0
3 0 1 2 0 1 0 0 4 0
4 0 2 4 1 3 0 1 4 0
5 2 3 5 1 6 1 3 4 0
6 3 4 6 l 6 1 5 4 0
7 4 4 8 2 6 2 6 5 0
8 4 5 9 3 10 5 10 8 1
° 4 & 10 4 11 5 16 15 4
1o 5 7 11 - 7 12 9 24 28 7
11 7 8 13 "9 14 19 34 52 17
12% 13 14 . 19 16 21 37 58 66 40
13 16 17 23 24 26 50 3 83 46
14 19 21 26 30 33 63 85 86 76
15 21 23 28 37 40 75 94 89 86
16 23 25 31 45 46 87 100(4) 100 100(7)
17 28 27 35 53 55 90 100 100 100
18 33 28 38 59 64 94 100 100 100
19 38 31 43 66 71 94 100 100 100
20 46 34 47 73 77 94 100 100 100
21 52 42 52 80 100(18) 100(4) 100 100 100
22 57 48 63 89 100 100 100 100 100
23 64 54 72 92 100 100 100 100 100
24 73 65 81 94
25 79 69 85 97
26 86 76 91 98
27 92 84 96 99
29 98 93 100 99
30 100 100 100 100

() Indicates moribund or sick animals sacrificed.

B

Included 5 males and 5 females from each group excluding T-IV sacrificed
for cytogenic study

oR 010684
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TABLE II

TEST MATEDLAL:  Vinyl Chloride (Ethylene Derived)
Chronic Vezer Inhalaticn Touicity Study - Albino Pats,

Ailoino Liice and Golden Hamsters

T

oo Dota - Albino Mice

Cumulative Numbzr of Mertalides at End of Month
Menth uC T- T-1I T-11T
Number M r M F M F M
1 0 0 0 0 0 0 . 0
2 0 b 0 3 0 0 0
3 2 0 6 4 3 0 1
4 5 1 19 5 4 1 4
5 8 2 26 6 4 2 8
6 12 2 30 6 B 3 10
7 18 5 31 11 9 12 13
5 18 5 32 14 16 30 30
9 23 8 38 24 37 58 56
10 28 10 42 31 78 82 76
11 30 15 54 46 96 94 100 1
12 34 16 57 66 98 95 100 1
13 44 23 70 80 929 97 100 1.
14 54 28 79 21 100 100 100 1
15 67 39 88 97 100 100 100 1
16 82 46 100 100 100 100 100 1
17 82 54 100 100 100 100 100 1
18 82 58 100 100 100 100 100 1
19 92 70 100 100 100 100 100 1
20 100 77 100 100 100 100 100 1
21 100 81 100 100 100 100 100 1
22 100 89 100 100 100 100 100 1
23 100 .92 100 100 100 100 100 ]
24 96

0
-3
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TEST MATERIAL:

Jndutirial B =1 &3 1

LG I L,

. P,

TARLE III

Vinyl Chloride (Ethylene Derived)

Chronic Vapor Inhalation Toxicity Study - Albino Rats,
Albino Mice and Golden Hamsters

Summary of Mortality Data - Golden Hamsters

10

Cuormulziiva umber o- Morialities at iind of Nonta
Lionth uC T-1 T-1I T-II1
Number M F M F M F M T
1 5 4 4 4 7 5 2 5
2 8 11 10 12 9 16 10 11
3 8 13 12 14 12 18 14 13
4 9 15 16 16 15 19 15 13
5 9 18 16 16 16 20 15 15
6 13 18 15 16 20 21 16 16
7 13 28 24 19 22 33 18 26
8 14 28 24 19 23 35 19 28
9 14 29 24 =J 25 36 20 28
10 14 30 26 20 26 37 23 29
11 15 31 28 21 26 38 28 36
12 18 36 ‘34 .33 37 46 40 45
13 23 40 43 49 46 49 49 58
14 28 46 49 58 54 53 61 69
15 39 61 53 72 66 55 71 84
16 50 78 58 83 74 59 84 100
17 57 81 61 85 76 66 86 100
18 62 85 62 B6 77 75 88 100
19 65 90 " 68 89 79 84 92 . 100
20 71 96 73 95 B6 89 100(5) 100
21 71 100(2) 80 100(3) 100(13) 100(7) 100 100
22 73 100 82 100 100 100 100 100
23 78 100 85 100 100 100 100 100
24 &3 88
25 88 92
26 90 95
27 94 98
28 94 99
29 99 100
30 100

() Indicates moribund or sick animals sacrificed.

BOR 010686
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TABLE IV

11

ide Iniaistion Study - IET NO. 663-03222

inegrns - Miles

Spseies
&

T-II
{2500 por)

RATS
liver

Kidney
Skin

Misec.
Pituitary
Brain
Mesentery
Adrenals
Thymus
Lymph Node
Genital

MICE
Liver

Lung
Skin

. Mise,
Kidney
Mesentery
Lymph Node
Genital

HAMSTERS
Liver

Skin

Misc,

Kidney
Mesentery
Lymph Node
Thymus
Genital

h db—

5/78 (6.4%)
0/78
19/100(19%)

5/78 (6. 4%)

1/55 (1.8%)
1/55 (1.8%)
0/100

1/55 (1. 8%)

0/53
0/100

0/53

25/81 (30. 9%)
6/81 (7.4%)
11/98(11.2%)

15/81 (18.5%)

17/63 (27%)
19/63 (30.2%)
0/100

7/63 (1. 1%)

11/46 (23. 9%)
5/100 (5.0%)

7/46 (15,2%)

56/76 (73.7%)
0/76
5/100(5. 0%)

8/76 (10, 5%)

74/82 (90. 2%)
55/82 (67.1%)
1/100 (1.0%)

8/86 (9.3%)

7/40 (17.5%)
4/100 (4.0%)

3/40 (7.5%)

57/90 (63.3%)
0/90
2/100 (2, 0%)

4/90 (4. 4%)

59/65 (90. 8%)
57/65 (87/7%)
4/100 (4.0%)

7/65 (10, 8%)

35/56 (62.5%)
1/94 (1. 1%)

5/56 (8.9%)

BOR 010687
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R TABLE V
— . .
Vinyl Chloride Inhalation Study « IBET NO. 663-03222
' Projected Incidence of Neoplasms - Females
E-rzic Exporimentzl Groups
w Cornizol el T-1I 11 o
Cror (50 »nom) (200 pom) {2500 pom? f2r--
!
Liver $/84 (4.8%)  30/76 (39.5%)  58/76 (76.3%) 62/79(78.5%) 50/73
Kidney 0/84 1/75 (1. 2%) 1/76 (1. 3%) 2/79 (2.6%) 0/73
Skin 64/100 (64%) 56/100 (56%) 23/100 (23%) 13/99 (13, 1%) 25/10¢
Mise. 15/84 (17.9%) 10/76 (13.,2%) 7/76 (9.2%) 7/79(8. 9%) 5/73(6
Pituitary
Brain ‘
Mesentery
Adrenals
Thymus
Lymph Node
Genital
MICE
Liver 0/47 26/72 (36, 1%) 71/86(82.6%) 73/85 (85.9%)
Lung 2/47 (4.3%) 31/72 (43.1%) 52/86(60.5%) 69/85 (81.2%)
Skin 2/100 (2.0%) 37/100 (37.0%) 17/100(17.0%) 20/100 (20.0%)
Misc. 1/47 (2. 1%) 28/72 (38. 9%) 5/86 (5.8%) 7/85 (8. 2%)
Xidney
Mesentery
Lymph Node
Genital
HAMSTERS .
Liver 4/35 (11. 4%) 6/33 (18.2%) 21/79 (26.6%) 20/33 (60. 6%)
Skin 0/100 2/98 (2.0%) 15/98 (15.3%) 1/99 (1.0%)
Mise. 4/35 (11.4%)  3/33 (9. 1%) 7/79 (8.9%)  2/33 (6.1%)
Kidney
Mesentery
Lymph Node
Thymus
Genital BOR 010688
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CYVTOGLNETTC STUDTES OF HKONIT MARROW CLLLS

o o 'ROM RATS LAPOLID O VINYL CULORLDE
‘ //;‘\ .
C Ll l R. V. Johnston, D.V.M., D, J. Mensik, B.S.,
M. N. Pinkerton, B.35., I'. B. Whorton, Jr., 'h.D.*
Dow Chemical U.S.A.
Texas Division - Preeport, Texas 77541
Inducstyial Health and Modicine Dopartmeat

Biomedical and Comparative Toxicologv Research Laboratory

The Biomedical and Comparative Toxicology Research Laboratory
of the Texas Division of Dow Chemical U.S.A. was asked by the
Manufacturing Chemists Association to conduct cytogenetic studies
on some of the rats which had been exposed to vinyl chloride at
Industrial BIO-TEST Laboratcries, Decatur, Illinois. The details
of the exposure levels and pathological findings will be reported
separately. Preliminary repofts have appeared in Chemical Week
(115:30, July 17, 1974) and in the Annals of the New York Academy of
Seiences, Volume 246, page 219.

The test animals were Charles River CD outbred albino rats.
which had been exposed to vinyl chloride gas for 7 hours per
day, 5 days per week for one year at 0, 50, 200 and 2500 ppm in
air. Cytogenetic studies on 5 males and 5 females from each

group showed that there was no statistically significant increase

in the chromosomal aberration rates in bone marrow cells of the

exposed rats.

April 28, 1976

*Associate Professor and Director

Division of Biometry

Department of Preventive Medicine and Community Health
University of Texas Medical Branch

Galveston, Texas 77550
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"Cvtogenetic Sturies of Pone Marrow Cclls From Rats
Exnnsed to Vinvl Chloride
bv Dr. R, V. Jonnston et al.

ViEriss, D, J. -7 Ticclino, D, J,., Cytozenetic monitorins
Eid VI'L €Ll wtn Worec.a, Oven diesting on Evaluation
¢l Svover xe botLot lutorznic Activity of Chemicals,

July 16 &nd 17, 1975, NIH, Bethesda, Maryland.

Fleig and Thiess, A. M., Chromosome analysis after vinyl
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tivsmedizin 9(12) 260-283 (1974).
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page u459.

Purchase, I.F.H. et al, Chromosomal and dominant 1 thal
effects of vinyl chloride, The Lancet, (1975),

Bartsch, H.,, Human, rat and mouse liver-mediated muta-
genicity of vinyl chloride in S. Typhimurium strains,
Int. J. Cancer 15:429-437 (1975).

Malaveille, C., Bartsch, H. et al, Mutagenicity of vinyl
chloride, chloroethyleneoxide, chloroacetaldehyde and
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ATTENTION: Mr. Milton Freifceld a,22776

A Mortality Study of Horkars Eaxpozeud to Vinyl Chliorida
Bpril P2, Tusu

This is a rcport of study Of mortality rates in a population of

10,373 workoers who at soma time in the past wero enjaygea in Lhe manufac-

.tura of vinyl chlorida o tts polymurs. Ana aarlfer report on a portion

0f this population showed that these workers gxperienced an increased

Fizh ©f datli Toom cwaner ml o tha Tioer {alre-gy taond by agther investi-
€ - oes) eand conzers ©f thr lung, braie sod Yymphatic system.  The largar
group reprUoitnner’ in thin stucy has po-mitied o more detatled analysty

of the raeleiimn boiwnon LRhe r1tk of dezth from these causwes and dura-
tion and level of exposures.

l The study populaticn was fdentified by an cxaminacian of past ang
pre- ~nt personncel records in 37 plants which produced either vinyl
chiorice or polyvinyl! chloride, Every man who had besn in an cxposed
job for more than one year was fdentifieqd and his work history obtained.
Men who had worked in the past and had quit or been latd off were traced
to datermine whather they were still alive as of Decemhar 31, 1972, the
date chosan as the "closing date" of the study.

Of the 10,173 men salected Tor study., 94 percent ware successfully
traced, and 707 Asathe wera found. The study vopulation includad men
hirad as far back as the late 1330°'s and included 2,006 wen who had
workaed 15 years or nore.

The number of deaths which occurred was cumpared with thae number
which would have been e#pocted in a comparable population of Unfited

States males for each couso.
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Thae total number Of deaths was about 16 percent less than erpected,

and the total number of cancar deaths was about ¢qual to what would be

Fxplqyed. v
Some cancers occurred at a lower rate than expected, and thase did

ot appear to be rcelated to the length or level of exposure. Canc r of

the urinary organs and the l1ymphatic. system showed some excess deaths

(22 parcent and 12 percent) but were not related in any systematic way

To CNOILEFO. Ll WDl § UL P nt £..005% 1a Teukemia desths, aluo not
voieled o tho circursiancusn OT eaponurs.
Locno cineeoe ¢loerd 20 8 Rergont e4cess in the total study group,

Lot 47 roon vwho B2 wirbed Yoy 156 years: or more and had begun woark at
least 20 years betfore the closing date of tha study. thare was a 52 per-
cent @rCGLn.

Ccncers clas::4 as *Other and Unspecificd" showad a 44 percent cxe-
cess in the study population as a whole, but a 230 percent excess in tha
older group mentioned above. This excess was larguly due to an excess
of :brain cancer, since 38 percent of these cancers wara brain., compared
with Z0 parcent for the gencral population.

Thare was a slight excess of digestive cancer in men with high ex=
posure, and in men with other than low exposure who had worked at least
16 years beginning at Teast 20 years before the Trudy date, In these
older men 50 percent of the digestive cancers were Yiver cancer com-~

parad with about 9 percent for the general population.
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ATTENTION: Mr. Milton Fretifald

In anothay an lysfs, the study p pulation was scored according to
the estimatad total amount of vinyl chloride to which they were exposed;
fmon ware given a score of 1 for each month of low level exposure, 2
tor each month at medium axpasure, and 3 for cach month at high exposure.
Thores wes @ somanhat irregulas fncrecse tn mortaiity from digostive
cancor, reszpiratory cancer and cancer of other and vnaspecitied sites
with ina-iscing score. Far men with scores of 420 or more (equivalont
to 11 yoors of high cxposure or 32 years of low cxposure, for exampla)
the excoss mortality was 88 percant for digestive cancer, 54 percent
for respiratory cancar,. and 183 percont for cancars of other and un-

specified sites.

The zstudy generally conftirms the findings of earlisr investigators,
but provides additional data for men with long service whosa amploymant

bagan many years ago.

by Dr. W. R. Gaffey
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UNIVERSITY OF LOUISVILLE
LOuUIsVILLE, KENTUCKY 40202

April 2Q, 1976
STINAT AT mTnesnE HEALTH SCIENCE CFNTIR
DEPARY: LN O LiakINE WALNUT & PRESTON STRELTS

Lisise oo o 28NSO LJTRITION ELCTIUN

Dr. T. R. Torkelson

Dow Chemical Company
Corperate Mcocdical Department
2030 Dow Center

Midland, Michigan 48640

Dear Doctor Torkelson:

May I express our delight in having had members of the Manufacturing
Chemists Association Research Committee visit us earlier this month; we
hope that their visit was both enjoyable and informative. OQur post-lunch-
eon meeting helped to clarify a number of points concerning our Manufactur-
ing Chemists Association Grant proposal and I would like to take this op~-
portuhity to submit for the memhers rcongideration a modification of our
original proposal in light of the expressed interests of the members of the
research committee.

Since the members expressed interest in supporting proposals A and
G, having to do with the study of immunological systems, it seems that
these would require no further elaboration or adjustment. My understand-
ing is that the same would be true for proposal G, concerning electromn
microscopic evaluation of liver tissue. What I would like to do here is
(a) amplify on the immediate clinical applicability of some of the other
proposals presented, (b) provide a modified budget for these proposals and
(c) suggest that if cuts must be made in the program, the cuts that would
be least damaging in terms of ongoing efforts and in terms of a cohesive-
ness of the overall research program, would be the proposals by Dr. Hoffman
(H) and Dr. Sigdestad (1) and parts of Drs. Du (B2 B5 B6 B7) and Wong (E2)
(see revised budget attached). Firstly, proposal C concerning the glyco-
saminoglycans in the early detection and etiology of angiosarcoma of the
liver presented by Dr. Charles E. Kupchella: this has already produced
significant results. Most chemical injury and cancer appear to be as-
sociated with "scar" or collagen formation. This collagen formation is as-
sociated with the increased production of glycosaminoglycans. Dr. Kupchella's
preliminary study indicates that there is a characteristic pattern of glyco-
saminoglycan urinary excretion among long-term vinyl-chloride-exposed in-
dividuals not seen in individuals with alcoholic liver injury, hepatitis,
and cancers not directly involving the liver. These urinary excretion pat-
terns appear to change as one develops primary liver cancer such as angio-
sarcoma. At this point, the findings reported by Dr. Kupchella at the Third
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Dr. T.R. Torkelson
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International Symposium on the Detection and Preventionm of Cancer, require
additional verificantion o d nmodificutions of this method for use as spot
urine testing in larro worler populetion. Tf future studiss continue to
verify our prvesent findine, i.c¢. that this test is indicative of early vinyl
el lde ivut o, i cmuld bl oonplicalde throuphout the industry vhere
chemically induced fibrosis mov occur. This proposal could yield a sensi-
tive, simple aud incirensive means of surveillance for early liver injury.
A copw ool Ll poper e be presented in Lew York is enclosed,

Concerning the proposzl by Dr. Wong, and the related proposal by
Dr. Streips; I would like to elucidate on the value of this work in deter-
mining and directing priorities as to which metabolite should be studied
for their potential carcinogenicity. Dr. Wong's ability to synthesize
mctabolic products of various chemicals allows immediate mutagenic bac-
terial studies for the identification of those chemicals with greatest car-
cinogenic capability. 1In order to control costs and increase benefits for
the amount of time and money invested, these mutagenic studies must be per-
formed in order to realistically develop strategies for blocking the
etiologic chemical changes leading to the initiation of angiosarcoma. Con-
gidering the overall complexity of studies of this sort, we feel that:the
combined work of Drs. Wong and Streips provides a reasonably straight for-
ward approarh to unravelling sequences leading to angiosarcoma.

In addition, Dr. Wong's work will develop a method of detecting
trace amounts of chemicals and their'metabolic products by use of malti-
varient analysis in biological tissue. Our present system of storing
bloods, urines, and tissue on all workers in the medical surveillance
program gives us the equivalent of an immediate clinical trial in a care-
fully observed worker population with known exposure. This procedure
could give us an applicable test system within three years.

Finally, Dr. Du's work will make use of animal studies in deter-
mining the most specific and earliest enzymatic and biochemical alterations
produced by chemical exposure, Although some have expressed the view that
biochemical alterations have all been identified and worked out, our clini-
cal experience indicates the need for studies which will objectively deter-
mine which screening methods should be applied and to which of the exposed
industrial population. The animal studies proposed by Dr. Du will allow
us to apply these methods under controlled conditions of exposure, dose
and duratiom, providing useful information in just a few years. This will
be far more efficient means of determining the best screening methods to
employ based on hard scientific data rather than clinical opinion.

Simultaneously, Dr. Wong will utilize these same animal tissues
for verifying the sensitivity and specificity of the multivarient analysis
system for trace organic element detection in biological tissue. The de-
tection of a trace product does not by itself prove a causal relationship
nor indicate recent or past exposure, Therefore, it is vital that these
studies be done (simultaneously with the studies for semsitivity and
specificity) for verification of the relationship of detection to cause of
injury. This information will greatly help in the interpretation of our
findings from our stored human blood, urine and tissue samples.
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Dr. T.R. Torkelson
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We would like to acain point 6ut the importance of our being able
to continue to pursue this multidisciplinary research approach in the
study o the vine1 ¢hloride rrollc bv oodd=oaningg the vinvl chloride
problem as a model and in thlq qutematlc manner we feel that this unique
cenbluatlon of investizations will zo far toward providing understanding
che-ienl carcinegenc i in goneral and the cciology of angiosarcoma. Our
PriiTan ¢on b lelt er-cncially intact with the attached budget. The work
proposed, we feel, is clearly defined and should produce positive results
well in excess of investment. In addition, we would also like to point out
that funding of such a program will sharpen our overall skills and further
develop this approach applicability to other chemicals and in other situ-
ations. I believe that the budget proposed is well within the desirability
and capability of the Manufacturing Chemists Association's constituency. In
essence, we are asking the vinyl chloride industry to support the program
at somewhat less than a level that has been supported by the B.F. Goodrich
Company alone for the past two years.

Thank you for your serious consideration.

Sincerely yours,

oo K Y wmmbvome
Carlo H. Tamburro, M.D.
Associate Professor of Medicine

Chief, Digestive Diseases & Nutrition
Section

CHT :mma
Enclosures
cc: Dr. Zeb G. Bell, Jr.
Dr. Walter D, Harris
Dr. Maury Johnson

Mr, Howard L. Kusnetz
Dr. W.E. Rinehart

Dr. W. Mayo Smith

Mr. R.N. Wheeler
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REVISED BUDGET
UNIVERSITY OF LOUISVILLE
RESEARCH TROPOSAL

RESEARCH TECHNIQUES AND METHODS FOR DETECTION

AND TUEVISTIOND OF (APTRNesiLGTS IN TUDUSTRLAL WORKERS

Thie revissd burdgot is fer propocals Al-4, G, D, C, El,
B3-4, and T, all of waich nave the most clinical appli-
cabilitv. We have excluded proposals Bl, B2, B5, B6, B7,
E2, H, and I.
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INDIVIDUAL BUDGETS

Proposal Title Investigator Personnel Supplies Total
Budget
A 1-4 Immunological Systems P. Fortwengler 34,100 16,795 50,895

for the Detection of
Vinyl Chloride and
Other Chemical Injury

G Tissue Antigenic E. Espinosa 9,000 3,730 14,000
Systems of Detection

D Electron Microscopic R. Schrodt 7,000 7,000
Evaluation of Liver
Tissue from Chemical
Workers

C Tissue and Urinary C. Kupchella 8,000 7,300 15,500
Acid Mucopolysaccharide
Changes Related to
Vinyl Chloride Injury:
Use In Early Detection
and Diagnosis

E1l Multivarient Analysis J. Wong 10,000 15,000 25,000
of Biological End
Products and Biochemicals
to Document Chemical
Exposure for Early
Diagnosis

B3&4 Biochemical Enzymatic J. Du 27,000 7,332 34,332
Systems for Detection
of Vinyl Chloride and
Other Chemicals

F Assays for Identifi- U. Streips 12,000 11,000 23,000
cation of the Carcino~ )
genic Potential of
Industrial Chemicals

869010 ¥OH

Subtotals 100,100 €9,627 169,727
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SUMMALY OF LUDSLTS

Salardien: 106,160
Supplies: 69,627
Indirect Cost: 65,0065
654 TOTAL: 234,792

POSSIBLE ALTERNATE FUNDING SUGGESTION:

Salaries: 100,100
Supplies: 69,627
Indirect Cost: 30,035
30% TOTAL: 199,757
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Charies E. Kupchella and Carlo H. Tamburro
Cancer Center and Department of Medicine
University of Louisvilie School of Madicine
Louisville, Kentucky 40201

I. INTRODUCTION

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

The literature suggests that the glycosaminoglycans in the urine
and/or blood should be evaluated as a possible aid in early detection.
The production of sulfated glycosaminoglycans is characteristic of malig-
nant vascular tumors of the skin and some pathologists use this feature
as a diagnostic aid (7). Barr and Bonin (8) observed a strong positive
alcian-blue, glycosaminoglycan staining reaction in human angiosarcoma
tissue and suggested than an attempt be made to qualitate and quantitate
the production of glycosaminoglycans in the neoplasms, serum, and urine
of those at risk. They pointed out that the urinary glycosaminoglycans
may have diagnostic significance in angiosarcoma and, if s0, a glycosami-
noglycan spot test might easily be employed as a gross screening test of
vinyl chloride production workers,

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

—

Supported in part by grants from the B. F. Goodrich Company and
the American (ancer Sgciety (IN-111) and a contract with the National
Cancer Institute (NO1-gN-55212).
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CHARLES E. KUPCHELLA AND CARLO H. TAMBURRO

The purpose of this study was to make a preliminary determination
of the clycosamineglvoan pattcerns in tissue and urine associated with
angiosarcoma of the liver and with vinyl-chloride-induced liver injury
otiier than angiosarcoma and to compare these patterns with those in
rornal contions and Lnose @sszoliated with other Jiver disease. Qur goal
ves tooewutoLte tne woooof T consemine o SsceEn pattovns in the early detec-
Vi LT wingd-Lhdoride-inadecd Diver injury and angtosarcoma and to
eyirlor e b= role of the clycceromancslycans in the etiology of vinyl
chicoige iniury,

[T, FPRCIIZURES AND DATERIALS USED

Urine specirens were collected as occasional samples from: 9
normal controls; 9 individuals with histories of occupational exposure to
vinyi chloride and having abnormal, liver, biochemical studies; 6 with
“"other" cancers prior to surgery; 3 with angiosarcoma; 8 with active viral
hepatitis; 6 with cirrhosis; 2 with lung-liver metastases; and 4 with
metabolic disorders of the liver (congenital and indirect hyperbiliru-
binemia). :

In one case of angijosarcoma, 24-hr urines were collected on alter-
nate days beginning 2 weeks prior to death.

Urine samples were collected without preservative and frozen at
-76% until analysis. Specimens were divided into two 25 ml sampies and
one 5 ml sample. Urinary creatinine was measured on the 5 ml sample
using a Technicon Autoanalyzer. The degree of urinary glycosaminoglycan
polymerization was estimated by dialyzing one 25 ml sample for 24 hours
in tap water; the sample was then treated identically to an undialyzed
sample by the method of DiFerrante (18) using cetylpyridinium chloride
as a precipitant. After resolubilization of the glycosaminoglycans in
water, duplicate samples were ascayed for total uronic acid by the modi-
fied carbozole reaction of Bitter and Muir (19). The remaining glyco-
saminoglycans were reprecipitated with cetylpyridinium chloride and
separated into the wash, hyaluronic acid, chondroitin sulfate, and heparin
fractions as described by Schiller et. al.(20). Each of the fractions
was assayed for uronic acid (ug per mg of creatinine).

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

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

Ascitic fluid was also obtained at autopsy in one case of angio-
sarcoma and analyzed for glycosaminoglycans. The fluid was centrifuged
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GLYCOSAMINOGLYCANS IN ANGIOSARCOMA

and the sediment analyzed as tissue above. The supernatant was treated
by the mcihod for urine described above. '

IIT. . RLEULTS
A summavy of tie eririre o7 oo -minoglycan weasurenent is given in
Table I. lorrld contiole nic the Geast urinavy glycoseminoglycans
(measured as urcnic acid) of all grOUg,. ATl other groups showed some
elevation. Th2 lavels in enciv-arcona, henztitis, cirrhosis, and liver

metastases were significantly elpvated (P <€ .05) over normal controls.

The cirrhotic group exhibited the greatest variance in urinary glycosami-
noglycans. No significant differences were found in urinary creatinine
levels between groups.

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

with angiosarcoma had pos1t1ve rhondro1t1n sulfate fractions with nega-.
tive hyaluronic acid and heparin fractions. This was true in only 3 of
32 other urines evaluated in this same manner. .

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

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

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

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

BOR 010702
IV. DISCUSSION

The literature indicates that normal male creatinine excretion is

per 24 hours (23).Thus, our normal mean (Table I) of 3.2 * .4 g
cety?pyr1d1n1um chloride-precipitable uronic acid per mg creatinine falls
in the middle of the normal ranges reported by Varma et. al. (24),




CHARLES E. KUPCHELLA AND CARLO H. TAMBURRO

2.6 - 4.7wq/mg; Diferrante and Rich (25), 2.9 - 4.8ug/m3; and Kao and
Leslie (26), 1.8 - 4.9%ua/mq.

Although our siudy was not conirolled for age, Goldberg and Cotlier
Bl et owsintry advenszminenlyean excretion is constant from
Paliiey ol. @il (20, nuve suawin that the proportion of urinary
el cosrnirsgivicea in b chondroitin sulfate fraction is constant from
pese 25-70.  Uipdev or. al, aloe renorted that the chondroitin sulfate
froctior 30 haobonn o birsh rpd ttat 3t rraduclly drops until oage 20,
SUSLLsLINS Tadb urinary Coghuroicin suifaie reflects tissue growth,

Tro fact tiat we feund no diTferences betwezen groups in the
creatinine concentraticn is sicnificant in that it indicates that occa-
sional samples do reflect 24-hour excretion when normalized to creatinine.
Precedent for expressing glycosaminoglycan measurements as a function of
creatinine content in occasional urine samples has been established by
DiFerrante and Rich (25) and Pennock (29). Manley et. al. (28) have
shown that the creatinine/uronic acid ratio is steady from ages 20-70.

Our results indicate that the liver diseases evaluated are accom-
panied by elevated urinary glycosaminoglycan excretion. Our tissue data
suggests that this reflects liver-tissue glycosaminoglycan elevation and
conforms to the reports by others that both henatic conpective ticsue
disorders (10-14) and hepatic cancer (15) result in increased hepatic
glycosaminoglycan levels. It may be significant that the angiosarcoma
patients had half the urinary glyccsaminoglycan excretion of patients .
with liver metastases and that our analysis of angiosarcomatous tumor

tissue exhibited half the glycosaminoglycan content reported by Kojima
et. al. (15) for hepatocellular carcinoma.

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

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

These qualitative data are in general agreement with those
reported by others. Goldberg and Cotlier (27), Douglas et. al. (30), and
Varma et. al. (24) have reported that the chondroitin sulfates are the
PrEdominant urinary glycosaminpglycans. Varma et. al, reported that 2/3
of urinary glycosaminoglycans are chondroitin-4-and chondroitin-6-sulfate

qu ;:is agrees with our data on normal controls and on those with liver
isease.

Kojima at, al, (15) reported that in hepatocellular carcinoma
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GLYCOSAMINOGLYCANS IN ANGIOSARCOMA

tissue, chondroitin sulfates and hyaluronic acid were increased 33 and 10
times, respectively, over amounts found in healthy livers; the heparin and
heparan sulfate proportions dropped. ‘This contrasts with our data on
angirosarcoma tissue. i.e, neparin and hyaluronic acid increased 5 and 10
tin oy vespoCtIve by, v w1 tisshey choantroitin snlfate levels rose
but ell in proportion Lo owner glycosaminoglycans. Galambos and

Shopira (10) roported toxt the chonoroitin suif..es are dominant in
nors 1 Tivese and i boestic fikeoric) but Foiioz et al. (15) report
thay o roitinnaa=-rosiziont ant nvalurcidese-resistant glycesaninggiy-

cans arc Gowinani. Ruroua et. al. (31) also reported that heparan sulfate
is the dominant glycosaminoglycan in the normal liver. Our histochemical
obscrvaticn whiat nearly all of the increesed alcian-blue positive

material in argiosarceratous livers was susceptible to hyaluronidase
digestion suggests that the observed chondroitin sulfate elevation is due
to chondroitin-4- and/or chondroitin-6-sulfate.

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

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

V. SUMMARY

Glycosaminoglycans were measured in urine and tissue of patients
with hepatic fibrosis and hepatic cancer including vinyl-chloride-
exposure-associated liver injury and angiosarcoma. Angiosarcoma, hepa-
titis, cirrhosis, and liver metastatic patients exhibited significantly
elevated glycosaminoglycan excretion. Angiosarcoma tissue exhibited
elevated glycosaminoalycan levels with the greatest increases in the
heparin fraction. Histochemically, angiosarcomatous tissue gave a strong
a!cian-b]ue staining reaction which could be prevented by pretreatment
Wl@h hyaluronidase. Although vinyl-chloride-exposure-associated liver
WnJury other than angiosarcoma was not accompanied by a significantly
e]evaged glycosaminoglycan excretion, this condition tended to be
assoclated with a urinary glycosaminoglycan excretion pattern in which the
chondroitin gyifate fraction was the only uronic-acid-positive fraction.
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TABLE .1

Urinary Glycosaminogivean Lovels in ag Uronic Acid Per my Creatinine
by Liver Discases Category

ug urcnic acid % uronic acid
per ~g creatinine not dialyzzhle
Patient group Cates (- 1 S.E.) (15.€.)
normal control 9 3.2t .4 65 + 5
vinyl chloride 9 4.1 % .4 39t6
exposed
other cancer 6 4.5 % 1.5 39te
other Tiver 4 5.1%0.8 37 %13
disease _
angiosarcoma 3 7.6 ¥ 1.6 41 t 22
hepatitis 8 8.5%1.8 52 % 14
cirrhosis 6 12.7 %3 53t g
liver metastasis 2 13.8% .9 42
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GLYCOSAMINOGLYCAN CONCENTRATIONM IN ANGIOSARCOMA,
CIRRHOSIS, AND NORMAL LIVER TISSUE
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Fiaure 1

Figure 2

Figure 3

Urinary giycoswiineglycan output in one angio-
sarcova paticnt curing the 16-day period prior
to ccath

Glycosaminogliycan concentration in angiosarcomatous,
cirrhotic and normal human liver tissue.

Fractional concentrations of glycosaminoglycans in
angiosarcomatous, cirrhotic and normal human 1iver
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IMMUNOPATHOLOGIC OCHHERLYLTTINS

Tt LTVER ANGIOSARCOMA

B B T oA ion g
University o irvi=valin School of Modicine
Louwisville, ¥ontucky

I. INTROZTUITION

In hepatic fibrosis and anglosarcoma associated with vinyl
chloride exposure of industrial workers, manifestations of the
disease could not be detecteu in most cases until the process
was far advanced (l). Norr=l values of liver function tests
were reported in a case with significant vinyl chloride hepa-
tic fibrosis (2), and only : small percentage of workers of a
plant unit where seven cases of liver angiosarcoma were diag-
nosed had abnormal blood screening tests (3). Thus, coaven-—
tional liver function tests do not appear to be sensitive in-
dicators of vinyl chloride liver disease. Development of more
sensitive methods for detecting the disease in early stages
would be of great importance. An approach to this may be pro-
vided by immunologic studies. In such a study the guestion a-
rises whether the fibrotic and angiosarcomatous livers contain
antigens that are different from those present in normal tis-
sue and whether such changes could stimulate an immunologic
response. The purpose of this study was to search for anti-
genic changes in the angiosarcomatous tissue and to test for
possible presence of an antibody response in the host.

II. PROCEDURES AND MATERIALS USED

A. Patients' Sera and Tissue Spegimens

Serum samples from B.F. Goodrich Co. workers with histor-
ies of vinyl chloride exposure of several years included sam-
ples from two individuals with liver angiosarcoma, ten with
liver dysfunction with fibrosis and ten with normal liver
function tecsts. The patients with angiosarcema died and the
diagnosis was confirmed at autonsv and portions of tumor and
neighboring liver tissucs were obtained abt autopsy. Patients
with liver dysfunction with fibrosis included individuals with
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abnormalities in liver function tests and fibrosis detected at
biopsy. Tissucs were algso obtained from coroner's autovsies
of healthy individuals a few hours after death by gunshot
wounds.

H ™ . - T ey A d
B, Tisgue Lxtracis and Antisera

Liver angiosarcona and adjacont liver tissue and post-mor-
ten ticours gonoudayid Lo b noern ol were frocon and storad at
~70°C veLil ucoed. loritions waiz cut, thavwed and heonogsznized
in 2-3 volumes ol distilled water in a Potter-Elvehjem grinaer
in an ice kath until a srooth zusponsion was obtained.  After
centrifugation at 20,000 x G for 30 min, the supernatant fluid
containing the agueous extract was lyophilized. Albino rab-
bits were immunized with the tumor or normal liver extracts in
Freund's complete adjuvant and sera collected ‘and stored fol-
lowing procedures detailed elsewhere (4). Reaction of these
immune sera with human serum or plasma was eliminated by ab-
sorption with 100 mg of lyophilized, pooled normal. human serum
/ml antiserum. Antisera were routinely absorbed in this man=~
ner prior to use. Additional absorption with tissue extracts
was carried out with 100 mg Lyophilized extract/ml antiserum.
Absorptions followed a proc_.dure described previcusly (5).

1

[

J

C. Treatment of Tissue Extracts

Enzymatic treatment of tissue extracts was carried out with
Pronase and trypsin as previously described (6). Periodate
oxidation was done according to Rajam et al. (7). Ammonium
sulfate and cold ethanol fractionations were carried out as
detailed (8).

D. Immunodiffusion and Immunofluorescence

Double immunodiffusion was carried out in 0.8% agarose in
phosphate-buffered saline pH 7.2 (PBS) containing 0.1% sodium
azide. Circular wells, 2 mm in diameter, 3 mm apart were
used. Immunoelectrophoresis was performed according to Schei-
degger (9) using 0.8% agarose in 0.025 M Veronal buffer at pH
8.2. :

In immunofluorescent studies cryostat sections of rat kid-
ney, stomach or intestine and liver (4 microns) were used as
substrate for antimitochondrial, antismooth -muscle and anti-
nuclear antibodies. Liver sections from rats exposed 4, 8 and
14 days to 1-2% vinyl chloride for 4 hr/dav were also used.
The sections werc covered with dilutions of patients' sera for
45 min at room temperature, washed twice in PBS for 10 min and
then covercd with fluorcscein conjugated 1gG fraction of rab-
bit anti-human immunoglobulins sérum (Cappel Laboratories,
Inc.) for 4% min and washed as bzfore prior to examination.
Cryostat sections of liver angiosarcoma and liver tissue con=-
sidered to be normal (4 microns) were washed twice in PBS for
10 min to wash off nonfixed immunoglobulins. After drying,

~
i
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scctions were stained with finoroncein conijugated IgG frac-
tions of rabbhit anti-human 100G morum and agonat anti-human IgM
scerum {Conp.or L0 oawe foo, sl ). Suections were washed as a-
bove and cuariye T oandoer ] frosrereont microncope.  Represon-

akion Framsn comtinns o0 oes Sisained ish homatonvlin and eccsin
£0 allow corralaiias bakes an imenann{lpavesaance end the histo-
loc =0 Fiv70 0. T oo o oatios of tho Lilssues
was indicotnd bt Aamanmebrntiag nf &haiy ataining by anti-
NUCLT T8 o Lo0r Q0o sy 0 ow. . Loooroew lmswnofiluorescent
proe

acued flve times with
i and then extracted at
Pl 2.5 to :el cound Ig ofofeDulo a procedure applied
in the elution

Circulating Tissue Antigens

Liver-specific antigen LSAI(B), tissue antigens of wide
organ distribution (4) and bile antigens (1l) were testeu in
the patients' sera by immunodiffusion as described previously.

ITI. RESULTS

A. Angiosarcoma-related Antigen

To test for presence of new antigens appesaring in liver
angiosarcoma, antiangiosarcoma serum was absorbed with human
serum and liver extract and tested by immunodiffusion with ex-
tracts of both normal liver and angiosarcoma tumor at varying
concentrations. This absorption eliminated all reactivity
with liver extracts prcepared from five normal individuals but
not with the angiosarcoma extracts where one line of precipi-
tation remained (Fig. 1). This line of precipitation could
still be seen after additional absorption of the antiserum
with kidney extract. In contrast, absorption with the tumoxr
extracts eliminated completely the angiosarcoma-related line
of precipitation. Absorption with spleen and lung extracts
also eliminated this linc of precipitation. Thus, the antigen
appeared to be of restricted tissue distribution and not an-
giosarcoma specific. The antigen was inactivated by trypsin
and Pronase and thus appeared to be a protein or closely asso-
ciated to protein., Incubation of the tumor cxtracts for 1 hr
at 4°C in citrate buffer, pH 2.5, resulted in inactivation of
the antigen whercas incubuaiion:in phosphate buffer, pH 5.0,
neutral or alkaline pil up to pH 10.0, did not affect it. The-
antigen was shown to be relatively thermolabile. Incubation
of the tumor extracts for 30 min in PBS at 25° and 56°C did
not affect the antigen whereas incubation at 70°C and higher

a*
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completely inactivated it. The antigen precipitated mainly at
20-30% saturated ammonium sulfate and at ethanol concentra-
tions of 30-70% (Table I).

B. Absence of a Normal Tissue Antigen in Angiosarcoma

Intiliorey ooorum cheorhe? with human sorum gave cevoral arcs
of precipmitation in immunoelectroonoresis with extracts of
normel Yivor ond anciosdvena fissue (Fig. 2a).  These lines
gould net bz oseon TUllowin, addlilonal aboorpitieon of the anti-

- serum wilh nor.ul liver.  In centrast, absorption with liver
angiosarcomna extract failed to eliminate one of the arcs of
precipitation (Fig. 2b). Thus, the tissue antigen related to

tiuis arc of precipitation appeared to be absent im the angio-
sarcomatous fissue whereas the antigens corresponding to the
other arcs were prescnt. The absent antigen in angiosarcoma
was shown to be present in kidney and lung extracts in addi-
tion to liver by absorption and direct immunodiffusion tests.
Physicochemical characterization studies indicated this anti-
gen to be unaffected by Pronase and trypsin and inactivated by
periodate treatment. The antigen was relatively thermostable
withstanding incubation at 70°C for 30 min in PBS. The anti-
gen was destroyed following incubation of the liver extract in
citrate buffer at pH 2.5 or lowe. for 1 hr at 4°C; incubation

“at pH 5.0 or higher {(up to pH 10.0) did not affect it. This
antigen precipitated over a wide range of ammonium sulfate and
ethanol concentrations (Table I).

C. Angiosarcoma-bound IgG

IgG fluorescent staining appeared in a linear pattern in
the peripheral portion of the tumor cells suggesting in vivo
binding by the tumor of the immunoglobulin. This stalning is
illustrated in Fig. 3. Fig. 4 shows the angiosarcomatous
cells surrounding irregular vascular spaces. Relatively
coarse, linear fluorescence was also present along scme hepa-
tic cords and strands of connective tissue. There was no ev-~
idence of IgM. Control poct-mortem liver tissue did not show
any significant fluorescence of bound IgG. Staining for IgG
of the tumor cections did not change after several washings at
pH 7.2 indicating that the IgG was firmly bound to tha tunmor.
In contrast, sections showed marked diminution of staining
after washing at pH 2.5. Elution of bound IgG from saline-
extracted tumor homogenates was thus attempted at acid pH.
With the five successive saline extractions.,the amount of sa-
line soluble IgG gradually diminished to nondetectable levels;
and at acid pH bound IgG was released from- the homogenate.
Similar treatment of liver homogenates did not demonstrate
presence of bound IgG (Table II).

D. Circulating Autoantibodies and. Tissue Antigens

Serum autoantibodies to nuclei, mitochéndria and smooth

- - e g
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muscle were neaative in all patients examined. In addition,
serum Lrom these pabicnls did net show reactivity with liver

from rats ecmpcood to vingt oWlidridée.  Liwver-opecific antigen
LA (8), bile anligens {21) and other tisnsue antigens (4) as-—
sociated with livoer damaae wore neel deteocted in Lthese pa-
tients.
IV. LICQUrnTo

The fomenoel~ e oot loslon of ouncor have boan under
intense invesliguelion Jduring r-io.bi yo.ss, and antigenic dif-
fererncos beotvreon ool and s nlicec L Ylasue are considered to
bho fundamontal fort~s- in Lhe dmronploagic approach to cancer
therapy and diagnosis. Liver anciosarcomatous tigsue was thus
analyzed in this wor: for prarance of neoantigens, normal tis-—

sue antigens and tumor-bound immunoglobulins. Several normal
tissue antigens were found by inmunodiffusion to be present in
the tumor, but one antigen of rather wide organ distribution
was not detected. These findings are in agreement with obser-
vations in other tumors indicating that tumor cells contain
many of the antigens of their original hosts and lack some
normal tissue antigens. For example, immunohistochemical
studies have shown the loss of kidney antigens in stilbestrol-
and x-ray~induced kidney tumors (12), of skin antigen in 3~
'methylcholanthrpne -induced mouse squamous cell carcinoma (13)
and of certain muscle antigens in 20-methylcholanthrene-in-
duced rat rabdomyosarcoma (14). By far the most extensively
studied class of tumors are the chemically induced hepatomata
where deletion of liver antigens have been shown in tumors in-
duced with 4-dimethylaminocazobenzene (15, 16), diethylnitrosa-
mine (15) and 2-acetomidofluorene in the rat (15, 17) and o-
aminoazotoluene in the mouse (18). In human carcinoma, loss
of antigens have been reported in squamous cell carcinoma
(12, 19), loss of the ABH blood group isocantigens in some
solid tumors (20, 21) and of HL-A isoantigen in lymphoma (22).
In addition, it has been well documented that as cells trans-
form from a normal state to malignancy they may gain new anti-
genic specificities, Tumor-specific transplantation antigens
have been demonstrated in a number of experimentally induced
tumors (23-26) as well as in spontaneous tumors in man (27-
29). In the present report immunodiffusion analyses of liver
angiosarcoma and other human tissues with rabbit antiangiosar-
coma serum did not indicate the presence of a tumor-specific
antigen but rather of an antigen found in lung and spleen but
not in liver and kidney. This antigen is being further char-
acterized in our 1aboratory e

Of particular interest is the demonstration of tumor-bound
IgG by immunofluorcscence and elution experiments. This find-
ing must however be interpreted with caution and should be
confirmaed in biopsy sprcimens.  The tumor-bound IgG may repre-
sent specific antitumor antibody, antibody fixed by the tumor
tissue "nonspecifically" or part ‘of both. Further speculation
is premature until it has been shown that the staining pattern

"y
X
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is due to the deposition of a specific antibody, that the elu-
ted antibody is specific or until the relevant antigen has
becn identified. Work is in progress to determine the precise’
significance of the finding of Igf in the tumor.

Acknowledgements: The author wishes to thank Drs. W. M.
Chric "ot rson, .. . Sohroot and Po i, Carstens for fruitful
discussion and advice about the histologic sections and Drs.

C., "anburro and T, Nant for proviiing sorun samples and au-
tommy metoaring, I a2lfo wich Yo thank Mics !N, VanBraun and
Ilro. V.o Iobroes for chillod touohnizal assistance.  This work

was SUpporcea in part by a grant froem B. ¥. Coedrich, Co.

V. SUMMARY

Immunodiffusion analyses of human liver angiosarcoma asso-
ciated with vinyl chloride exposure indicated presence in the
tumor of an antigen not detected in normal liver and kidney
but found to be present in lung and spleen. This aprtigen was
shown to be a protein, inactivated by Pronase and trypsin,
relatively susceptible to heating and to acid pH and precipi-
" tated mainly at 20-30% saturated ammonium sulfate and a2t 30-
70% ethanol concentrations. The tumor was shown to contain
several antigenic constituents of normal tissue but one normal
tissue antigen was not detected. This antigen was charactexr-
ized as a substance unaffected by Pronase and trypsin and in-
activated by periodate. It was relatively thermostable, af-
fected by acid pH and precipitated over a wide range of ammon-
ium sulfate and ethanol concentrations. Tumor specimens ob-
tained at autopsy contained bound IgG as shown by immunofluor-
escence and elution experiments suggesting possible in vivo
binding of IgG to the tumor.

-
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TAETE I

Angiosorcomn-roelat.n Srllcoon and Sntigoen Zbsent from
the Toeaor in ool o0 Sullzwoe an ) Gthanel Fraciions

a
Presence of

Fraction tested Angiosarcoma~-related Antigen absent from
antigenb Angiosarcomac
Ammonium sulfate:

J-20% saturation + -
20-30% saturation ++ +
30-50% saturation - +++
50-70% saturation - ++

Ethanol:

0-20% ) - R S
20-30% . - -+
30-50% ++ ++
50~-70% ++ . 44

4
SN _ - +
a

+++, ++, + indicate strength of double diffusion reaction
in dilution assay. - _
b
Detected in angiosarcoma fractions.
c
Detected in liver fractions.
d B
SN = supgrnate of the 70% ethanol precipitation, dialyzed .
and lyophilized. Lo

]
L

o
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IgG in Saline and Acid Extracts of

Angiosarcora and Liver Tissues

Preparation tested

Weight solid extracted from

1 gn (wet waight) tissue

Presence of IgG

a

(mg)
Anglosarcoma:
Saline extract 1 29.3 +++
$3line extract 2 8.6 ++
Saline extract 3 6.2 +
Saline extract 4 ' 5.6 -
Saline extract 5 6.1 -
Acid extract 6.1 ++
Liver: i
Saline extract 1 47.4 44
Saline extract 2 14.5 +++
Saline extract_3 8.6 +
Saline extract 4 7.4 -
Saline extract 5 6.4 - -
Acid extract 9.0 -

ranging up to 2%.

a

Tested by immunodiffusion at concentrations of the eluates

Ry

N
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Fig. 1  Demonctrotio:n i cacinrarcona-related antigen.  Per-
iphorad o 3120 hew s w02t - 0101 gilutions of liver
ancion: croremn TR e mernn? Tivery exntract (b).
Nil-bdome oae Tt B s s e 10N g /inl in the

vryoocnoroc 0 T o TL0 1 caon plate contain
rahhit gmticaciscovesrs afeos ahogrboad with normal
husoan geross cad sl SR

Fig. 2 Deronztrosl © 70 w-r.- saicoon atnacnt in angiosa
comn.  (r) Uoovel coniiinn robbit antihuman liver
gservm alr-=b o d T roenms o hpeesn gearurn, (b)) Trough

contains the antlljv‘r serum additionally. absorbed
with ancigorromnn cnirecs.  In both plates top wells
have 10% solution 1ver extract and lower wells
anglosarcuna extraci. Anode is to the right.

0
"
R
(I

Fig. 3 ‘ Immunofluorescent staining of liver angiosarcoma by
fluorescein conjugated IgG fraction of rabbit anti-
human XIgG serum (x 400).

FPig. 4 Cryostat section of anglosarcoms tumor stalned with
hematoxylin-eosin (x 4090).
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