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URINARY AND TISSUE GLYCQSAMINQGLYCAN 
. . PATTERNS IN HEPATIC ANGIOSARCOMA

Charles E. Kupchella and Carlo H. Tamburro 0000384
Cancer Center and Department of Medicine 

University of Louisville School of Medicine 
Louisville, Kentucky 40201

I. INTRODUCTION

The recent discovery of a relationship between vinyl chloride and 
angiosarcoma of the liver has received much attention (1-3). Although 
there are now systematic detection programs for vinyl chloride workers 
(3,4), there is as yet no specific chemical abnormality that serves as a 
good Indicator.of early, vinyl-chloride-induced liver injury and angio­
sarcoma. Alpha feto-proteln has been a relatively valuable serological, 
mrfcer 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 glycosamlnoglycans In the urine 
and/or blood should be evaluated as a possible aid In early detection.
.The production of sulfated glycosamlnoglycans Is characteristic of malig­
nant vascular tumors of the skin and some pathologists use this feature 
as a diagnostic.aid (7). Barr and Bonin (B) observed a strong positive 
alclan-blue, glycosaminoglycan staining reaction In human angiosarcoma 
tissue and suggested than an attempt be made to quailtate and quantitate 
the production of glycosamlnoglycans In the neoplasms, serum, and urine 
Of those at risk. They pointed out that the urinary glycosamlnoglycans 
Bay have diagnostic significance In angiosarcoma and. If so, a glycosarai- 
noglycan spot test might easily be employed as a gross screening test of 
vinyl chloride production workers.

A number of other observations place the glycosamlnoglycans in a 
relevant position with regard to angiosarcoma. Angiosarcoma Is accom­
panied by connective tissue abnormalities (2,9) and changes in tissue, 
urinary, and blood glycosamlnoglycans 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).
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wm The purpose of this study was to make a preliminary determine Jo* 
of the glycosaminoglycan patterns In tissue and urine associated with 
angiosarcoma of the liver and with vlnyl-chlorlde-lnduced liver injury 
other than angiosarcoma and to compare these patterns with those In 
normal controls and those associated with other liver disease. Our goal 
was to evaluate the use of glycosaminoglycan patterns In the early detec­
tion of vlnyl-chlorlde-lnduced liver Injury and angiosarcoma and to 
explore the role of the glycosamlnoglycans In the etiology of vinyl 
chloride Injury.
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II- PROCEDURES AND MATERIALS USED

Urine specimens were collected as occasional samples from: 9 
normal controls; 9 Individuals with histories of occupational exposure to 
vinyl 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 angiosarcoma- 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 samples and 
one 5 ml sample. Urinary creatinine was measured on the 5 ml sample 
using a Technlcon Autoanalyzer. The degree of urinary glycosaminoglycan 
polymerization was estimated by dialyzing one 25 ml sample for 24 hours 
In tap water; the sample was Men treated Identically to an undialyzed 
sample by the method of DIFerrante (18) using cetylpyridlnlum chloride 
as a precipitant. After resolubilization of the glycosamlnoglycans In 
water, duplicate samples were assayed for total uronlc acid by the modi­
fied carbozole reaction of Bitter and Muir (19). The remaining glyco­
samlnoglycans were reprecipitated with cetylpyridlnlum chloride and 
separated Into the wash, hyaluronic acid- ehondroltln sulfate- and heparin 
fractlons as described by Schiller et. a1.(20). Each of the fractions 
ms assayed for uronlc acid ( yg per mg of creatinine).

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

Pieces of tissue were subjected to a1clan-blue-perlodlc-acld- 
Schiff staining with and without hyaluronidase and diastase pretreatment. 
These procedures were carried out according to the methods described by 
Howry (22).

Ascitic fluid was also obtained at autopsy in one case of angio­
sarcoma and analyzed for glycosamlnoglycans. The fluid was centrifuged
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and the sediment analyzed as tissue above. The supernatant was treated 
tor the method for urine described above.

Ill* RESULTS

A summary of the urinary glycosasrlnoglycan measurement Is given in 
Table I. Normal controls had the least urinary glycosamlnoglycans 
(measured as uronlc acid) of all groups. All other groups showed some 
elevation. The levels In angiosarcoma, hepatitis, cirrhosis, and liver 
metastases were significantly elevated (P < .05) over normal controls.
The cirrhotic group exhibited the greatest variance In urinary glycosaml­
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 glycosamlnoglycans that was dialyzable (Table I) 
or In the percentage .of the unfractionated total that appeared In the 
hyaluronic acid, chondroltln sulfate, and heparin fractions.

i
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Seven of 9 vinyl-chloride-exposed Individuals other than those • t!
with angiosarcoma had positive chondroltln sulfate fractions with nega- . :j
tlve hyaluronic acid and heparin fractions. This was true In only 3 of i-;
32 other urines evaluated In this same manner.

l;
The pattern of dally glycosaorinoglycan excretion prior to death 11

due to angiosarcoma In one Individual Is given In Figure 1. i;

Total tissue glycosasrlnoglycan levels for angiosarcoma tumors, 
flbrotlc tissue adjacent to twors, cirrhotic liver tissue and normal l-
llver tissue are shown In Figure 2. Fractional hyaluronic acid, chon- ■
droltln sulfate, and heparin levels are given In Figure 3. .[:

c.
HIstocheartcaTTy, anglosarcomatous tissue exhibited a strong alclan- '■

blue positive staining reaction. Alclan-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 aldan-blue reaction In \
anglosarcomatous tissue did not occur If sections were pretreated with ,.
hyaluronldase.

Ascitic fluid sediment was uronlc-add-posltive In only the 
hyaluronic add fraction — 11Z pg uronlc add per gram of dry, defatted »
sediment; ascitic fluid supernatant contained 1.7, 1.2, and 0.2 mg
uronlc add per ml In the hyaluronic add, chondroltln sulfate, and r
heparin fractions, respectively- ‘ t.

IV. DISCUSSION

The literature indicates that normal male creatinine excretion Is 
1.5 g per 24 hrs (23). Thus, our normal mean (Table I) of 3.2 ± .4 yg 
cetylpyrldlnlura chloride-precrpltable uronic add per mg creatinine falls 
in the middle of the normal ranges reported by Varma et. al. (24),

l
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2.6 - 4.7 ug/mg; DIFerrante and Rich (25). 2.9 - 4.8 vg/mg; and Kao and 
Leslie (26), 1.8 - 4.9 ug/mg.

Although our study was not controlled for age. Goldberg and Cottier 
(27) have shown that urinary glycosamlnoglycan excretion Is constant (m 
ages 20-70. Hanley et. al. (28) have shown that the proportion of 
glycosamlnoglycans In the chondroltln sulfate fraction Is constant fm 
ages 20-70. Hanley et. al. also reported that the chondroltln sulfate 
fraction Is highest at birth and that It gradually drops until age 20. 
suggesting that urinary chondroltln sulfate reflects tissue growth.

The fact that we found no differences between groups In the 
creatinine concentration Is significant In that It Indicates that occa­
sional samples do reflect 24-hour excretion when normalized to creatmm*. 
Precedent for expressing glycosanlnoglycan measurements as a function of 
creatinine content In occasional urine samples has been established by 
DIFerrante and Rich (25) and Pennodc (29). Hanley et. al. (28) have 
shown that the creatinine/uranic acid ratio Is steady from ages 20-70.

Our results Indicate that the liver diseases evaluated are accom­
panied by elevated urinary glycosanlnoglycan excretion. Our tissue data 
suggests that this reflects liver-tissue glycosanlnoglycan elevation and 
conforms to the reports by others that both hepatic connective tissue 
disorders (10-14) and hepatic cancer (15) result In Increased hepatic 
glycosanlnoglycan levels. It may be significant that the angiosarcoma 
patients had half the urinary glycosamlnog 1 yean excretion of patients 
with liver metastases and that our analysis of angiosarcomatous tumor 
tissue exhibited half the glycosamlnoglycan content reported by Kojtma 
et. al. (15) for hepatocellular carcinoma.

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

Although we have not completed the characterization of Isolated 
glycosanlnoglycan fractions, our data Indicate: 1) that the chondroitln 
sulfates are the primary urinary glycosamlnoglycans In both normal 
controls and In disease states; 2) that the chondroltln sulfates and 

‘'heparin are the dominant glycosamlnoglycans In normal and cirrhotic 
livers (Figure 3). Chondroltln sulfate Is elevated in the flbrotic. non- 
tuaor, portions of anglosarcomatous livers while heparin is the predomi­
nant glycosamlnoglycan In tumor tissue. Hyaluronic acid is also apparent­
ly elevated relative to chondroltln sulfate In anglosarcomatous tumors 
(Figure 3); and 3) that hyaluronic acid Is the sole glycosamlnoglycan 
In ascites fluid sediment.

These qualitative data are in general agreement with those 
» reported by others. Goldberg and Cotlier (27), Douglas et. al. (30), ana 

Varna et. al. (24) have reported that the chondroltln sulfates are the 
predominant urinary glycosamlnoglycans. Varma et. al. reported that 2/3 
of urinary glycosamlnoglycans are chondroitln-4-and chondroltln-6-sulfate 
and this agrees with our data on normal controls -and on those with liver 
disease.

Kojina et. al. (15) reported that In hepatocellular carcinoma
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tissue, chondroltln sulfates and hyaluronic acid were Increased 33 and 10 
tines* respectively, over amounts found In healthy livers; the heparin and 
heparan sulfate proportions dropped. This contrasts with our data on 
angiosarcoma tissue, l.e. heparin and hyaluronic acid increased 5 and 10 
times* respectively, over normal tissue; chondroltln sulfate levels rose 
but fell In proportion to other glycosaminoglycans. Galambos and 
Shaplra (10) reported that the chondroltln sulfates are dominant In 
normal livers and In hepatic fibrosis, but Kojina et. al. (IS) report 
that chondroltlnase-reslstant and hyaluronldase-resistant glycosaminogly­
cans are dominant. Kuroda et. al. (31) also reported that heparan, sulfate 
Is the dominant glycosamlnoglycan In the normal liver. Our hlstochemlcal 
observation that nearly all of the Increased alclan-blue positive 
material In ang1osarcomatous.ilvers was susceptible to hyaluronldase 
digestion suggests that the observed chondroltln sulfate elevation Is due 
to chondraltin-4- and/or chondraltln-fi-sulfate.

■ The Increases In liver and urinary glycosamlnoglycans may well 
reflect an Important role of these substances In the process of flbro- 
genesls and In tumor growth. Galambos and Shaplra (10) reported that 
hyaluronic acid was elevated during hepatic flbrogenesls. If a similar 
flbrotlc process Is operative in angiosarcoma. It may be that the ob­
served tunor-tissue heparin Increase is reflective of tumor growth. We 
did observe a four- to six-fold greater heparin level In tumor tissue 
than In adjacent, non-tumor tissue.

The observation that the chondroltln sulfates tend to be the 
exclusive uronlc-aeld-positive constituents In the urine of Individuals 
Is paradoxical in that those glycosaminoglycan fractions that are most 
elevated In englosarcamatous 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 
chondroltln sulfates In early flbrotlc changes In the liver. Certainly 
the potential usefulness of this pattern In early detection warrants the 
more complete evaluation now ongoing In our laboratory.

with hepatic fibrosis and hepatic cancer Including vinyl-chiorlde­
exposure-associated liver Injury and angiosarcoma. Angiosarcoma, hepa­
titis, cirrhosis, and liver metastatic patients exhibited significantly 
elevated glycosamlnoglycan excretion. Angiosarcoma tissue exhibited 
elevated glycosamlnoglycan levels with the greatest Increases In the 
heparin fraction. Hlstochemlcally, anglosarcomatous tissue gave a strong 
aldan-blue staining reaction which could be prevented by pretreatment 
with hyaluronldase. Although vinyl-chlorlde-exposure-assoclated liver 
injury other than angiosarcoma was not accompanied by a significantly 
elevated glycosaminoglycan excretion, this condition tended to be 
associated with a urinary glycosamlnoglycan excretion pattern in which the 
chondroltln sulfate fraction was the only uronlc-acld-posltive fraction.

.Glycosamlnoglycans were measured In urine and tissue of patients

>
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ug uronlc acid X uronlc acid
Patient otoud Cases

par* mg creatinine 
- (*1S.E.)

not dlalyzable 
(± 1 S.f.1

nornl control 9 3.2 * .4 65 * 5
vinyl chloride 

exposed
9 4.1 * .4 39 t 5

other cancer S ■ 4.5tl.s 39 t 6
other liver 

disease
4 ■ 5.1 ± 0.8 • 37*13

angiosarcoma 3 7.6 * 1.6 41 ± 22
hepatitis 8 8.5 * 1.8 52 * 14
cirrhosis. 6 12.7 * 3 53 * 9

*lSV«r metastasis 2 13.8 ± .9 42
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