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Glycosaminoglycans of a malignimt pleural mesothelioma have been characterized histochemically 
and biochemically and compared with those of normal lung, pleural plaque, lung carcinoma, and other 
connective tissue neoplasms. Chondroitin sulfate constituted the major glycosaminoglycan (-80% of 
total) present In the pleural mesothelioma while hyaluronic acid was present in only trace amounts 
(-3% of total). in particular chondroitin 6-sulfate was the prcdominant isomer, constituting 80% of the 
total chondroitin sulfate. Control tissue exhibited different prqportions of glycosaminoglycans and none 
uf them contained as high an absolute concentration of chondroitin sulfate as the mesothelioma. These 
tindings differ from previous reports demonstrating increased concentration of hyaluronic acid in 
mesothelioma and suggest the possible existence of a biochemically different form of this iieoplasm, 
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i o c i i E M i c A L  ANALYSIS of pleural and  peritoneal B effusions from neoplasms of mesothelial origin 
has  revealed elevated amounts of hyaluronic acid, 
and detection of this glycosaminoglycan (GAG) has 
been considered a useful marker in establishing the 
diagnosis of mesothelioma.’-’ In recent years,  GAGS 
have also been extracted and  chdracterized from pro- 
teolytic digests of pleural neoplasms and  liftaluronic 
acid has been found t o  be predominani.2~9~10 No report 
has yet appeared concerning the  presence of elevated 
amounts of  sulfatpd GAGS in the  tissue of pleural 
mesotheliomas without a parallel increase in hyal- 
uronic acid. Ill this study we present evidence that 
tissue of a diffuse malignant mesothelioma of th; 
pleura codtained elevated concentrations of chon- 
droitin sulfate (-80% of total GAG) and  only trace 
amounts of hyaluronic acid (-3%). N o r d a l  lung and  all 
other neoplasms analyzed differed from mesothelioma 
in GAG composition and  none of t hem contained the  
marked elevation of chondroitin sulfate as present in 
the  mesothe3oma. 
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Case Report 

An 85-year-old white male was in relatively good health 
until June 1978, when he  presented with dysnnua and right 
lower lobe infiltrate, diagnosed as 1 neumonia. The patient 
subsequedtly developed right pleural effusion and a pleural 
biopsy at that time wa., interpreted as “undifferentiated 
malignant neoplasm.” A bone scan showed right lower rib 
fractures consistent with neoplastic invasion. The patient 
was declared inoperable. His course was marked by gradual 
deterioration of his pulmonary functions with significant 
weight 103s and abdominal pain. The patient died 14 months 
after the onset of symptoms. Past history was remarkable 
for long asbestos exposure and hewy cigarette smoking. 
The patient had worked for 40 years in a shipyard and on 
railroad construction. A cigarette and asbestos free interval 
of approximately 25 years had ensued before the onset of 
symptoms. 

At autopsy, a thick gray-white fibrous mnor  totally en- 
cased the right lung (Fig. 1) and extended along the pyl- 
monary fissures up to the hilum. The neoplasm did not invade 
the right pulmonary parenchyma but infiltrated the posterior 
chest wall and ribs. The tumor also extended into the peri- 
cardial sac and partly replkced the right hemiJiaphragm. 
Nodules of similar neoplastic tissue were scattered through- 
out the peritoteum. A thorough examination failed LO detect 
any other primary neoplasm or distant metastases. 

Materials and Methods 

Tissue 

All the tissue samples were frozeft in liquid nitrogen 
hnd stored at  -75 C until anal,zed. In  addition, por- 
tions of both lungs werc rcmoved and processed for 
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Fici. i .  Autopsy specimen of' the lungs. 'l'he right pulmonary 
parench) ma is totally encased in II rind of thick pleural inesothe- 
liorna. 'l'he left lung show5 no gross abnormdity. Ihe  tuinor also 
inv;tded by direct e.xtension i n t o  the pcricitrdium. right chmt uall 
and right hemidiaphragm. 

a\besto\ annlysi\. Control tis\ue included portions of 
three benign pleural plaque\. which were incidental 
finding\ itt autop\y. and segments ot iliiec tioriixtl lungs 
and four lung caicinonia4 obt ined  at  wrgery. I he 
lung neoplasms were classified hi\tologically a s :  small 
cell ("oat cell") undifferentiatctf c:ircitioni:r ( 2 ) .  q u a -  
m c w  cell carcinoma ( I ) ,  and &m)cai cinoni;i ( I ) .  I n  
ordei to  obtain information about GAG conipo\ition of 
niesenchymal neoplusms out\ide the tho1 x i c :  cavity. 
a neurofibroma, a uterine Icioniyoma and \:iici)rii;i. and 
a malignant fibrou\histiocytorna were alw analyred. 

His  tolog v [ I I I L ~  Hi $ f o c l i r i n  i$1i.v 

Randomly selected sections of normal a41d neopla\tic 
ti5sue ~ e i e  fixed in 10% buffered fortn,ildehyde and  
were 4tained with hematoxylin and ewin. PAS-ulcian 
blue or alcian blue 8 GX (Sigma Chemical Co.. St. 
Loui5. M O )  at p H  1.0 and at p H  2.5 t o  di\tingui\h 
sulfated from non\ulFated GAG\." I In  addition. 
alcian blue \taining at  p H  2.5 was performed after 
treatment of the \ection\ with \ialidctw14 (Neur- 
aminiclase, Sigma Chemical Co.. St. I oui\, MO), 
bovine te\ticular hyaluronid;tse" (Miles I .tboratories, 
lnc., Elkhart, IN) and \treptomyce\ hy,tluronidase'" 
(Calbiochem, San Diego. CA) to confit m tlre specificity 
of the alcian blue \tain. 

G / y  CO.S(I  J 17 ino,qlyc. LI I7 A I7 <ll.Y.si.S 

Glycosaminoglycans were isolated from frozen tis- 
sue segments of approximately 1-3 g wet weight using 
the isolation procedure of Mankin and Idipiello17 as 
modified by Curwen and Smith.Ix Whole tissue was 
finely minced, defatted in ethanol overnight and 
lyophilized. Following lyophilization, the samples 

were resuspended in 0.1 M phosphate buffer. p H  7.0, 
boiled for 20 minutes to inactrvate hydrolytic enzymes 
and wbjected to exten\ive proteolysis by initial 
incubation with 2 . W  pronase (Calbiochem, San Diego. 
C'A) i n  0.2 M Tri\ buffer for 48 hours at 37 C, followed 
by 0.35; papain (Sigma Chemical Co., St. Louis, MO) 
in  0. I %i phosphate buffer,pH 7 0 for 18 hours at 65 C. 
Ice-cold trichloroacetic acid ('TCA) was added to give a 
final concentration of 5% and the precipitate was re- 
mobed by centrifugation. The supernatant wa\ ex- 
haustively dialyzed at 4 C against distilled water 
and the GAGS were precipitated with three volumes of 
cold 5'7 (W/V) potassium acetate in absolute ethanol. 
Uronic acid content of each \ample was determined 
by the method ot' BlumenkrantL and Asboe-Hansen," 
with 11-glucuronolactone (Sigma Chemical Co.) as 
\tandard. 

Percent recovery of GAGS for each \ample was 
determined by adding a known standard mixture of 
GAG5 (15 pgimg of dry ti\sue) directly to the dry de- 
fatted sample. 'I'he diffet ence between total uronic 
acid of the sample plus GAG standard ;ind the uronic 
<icid content of the \wniple alone wit\ culculated after 
GAG e\tt action. 

C;lycosaniinoglycati\ were \epaiated by cellulose 
acet'tte electrophoresis eithei i n  0.3 M cadmium 
acetate bufttx, p H  4.1 foi 4 houi 4 at 1.2 mamp/\tripix 
o r ina0 .2  ~ca lc iuniace ta te  buffer,pH 7.25for3 hours 
iit I . 2  niamp/strip.2n Following electrophoresis, the 
\ t i  ips were stiiined with alcian blue ( 1 %  in glacial 
x e t i c  acid) for 10 minutes arid \uh\eyuently de\tained 
with 7% acetic iicid. Electrophoresi\ in cadmium 
acetate buffer separated GAG\ into four bands, namely 
hyaluronic acid, heparan sulfate, dermatan sulfate 
and chondroitin 4- and 6-s~l fa te .~ '  With electrophoresis 
in calciuni acetate buffer, it wii\ possible to 5eparate 
the chondroitin 4- and 6-\ulfate isomer\ into two 
di \tinct band 

Quantitation of the GAG-containing bands was ac- 
complished by densitometric \cans of the \ t i ned  
cellulo\e acetate \trips using a Helena scanning den- 
sitometer. Samples were quantitated by reference to 
\tand;ird curve4 prepared by plotting known GAG con- 
centt ations verw4 area under the corresponding den- 
\itornitric c ~ r v e s . ' ~  Areas were determined with a 
Hewlett-Packard digitizer and each \ample was ana- 
lyzed in triplicate. 

To confirm the identity ofthe separated GAG bandy, 
15 pl aliquots of the samples were subjected to each 
of the following enzymes: ( I )  1.5 mg/ml leech hyal- 
uronidase (Biotric5. Inc. ,  Boston. MA) in Mcllvaines 
standard buffer,22 p H  5.4 for 5 hours; (2) 0.02 units 
of chondroitinase ABC (Miles Laboratories, Inc.) in 
enriched Tris HCI, pH 8.0 for 15 hours at 37 C": (3) 
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FIG. 2A-E. Gallery of light micrographs of malignant pleural mesothelioma demonstrates both epithelial and mesenchymal patterns character- 
istic of this neoplasm. Low power view (2A, upper left) shows sheets and aggregates of malignant cells forming abnormal tubulo-papillary 
and duct-like structures (H & E, x200). Higher magnification demonstrates cytological details of the neoplastic cells arranged in papillary 
(2B, upper center) and pseudoacinar (2C, upper right) structures. Note hyperchromatic and/or vesicular nuclei of relatively uniform size 
(H & E, ~ 6 0 0 ) .  The sarcomatous pattern (2D, lower left) is highly cellular and composed of interwoven bundles of elongated cells 
growing in a loose, alcianophilic matrix (alcian blue pH 1, ~ 2 0 0 ) .  Higher magnification of spindle cells (2E, lower right) shows vesicular 
nuclei and prominent nucleoli (alcian blue p H  1,  ~ 6 0 0 ) .  All magnifications are original. 

0.06 units of chondroitinase ACII (Miles) in the same 
buffer, for 15 hours at 37 C. Heparan sulfate was 
identified by susceptibility to nitrous acid treatment 
according to Cifonelli. 23 Glycosaminoglycan standards 
were used to test specificity of the enzyme reactions 
and consisted of hyaluronic acid, chondroitin 4- and 6- 
sulfate, dermatan sulfate obtained from Miles Lab- 
oratories and heparan sulfate which was a generous gift 
of J .  A. Cifonelli, University of Chicago. 

Asbestos Analysis 

Multiple 5-g sections of parenchymal tissue were 
taken from each lung and digested with sodium hypo- 
chloride by the method of Smith and Nay10r.~~ The ex- 

traction solution was filtered through a nucleopore 
membrane 2.5 cm in diameter, 5 p m  pore size (Nucle- 
pore Co., Pleasanton, CA). The retained asbestos 
fibers on the entire membrane were counted under a 
light microscope. Further identification of these asbes- 
tos fibers was achieved by electron probe micro- 
analysis as reported previously by Chen and Mottet.’S 

Results 

His to logy and Hist oc hem ist ry 

Microscopic examination of the tumor revealed a 
biphasic cell population with components exhibiting 
both epithelial and mesenchymal patterns considered 
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to be characteristic of malignant mesothelioma.""-'9 
Epithelial morphology predominated in some areas 
with cells forming papillary, tubular or cord-like struc- 
tures (Fig. 2A-C). Mesenchymal patterns, consisting 
of elongated or fusiform cells, comprised other areas 
(Fig. 2D-E). The neoplasm exhibited cytologic uni- 
formity and although nuclei were often vesicular and 
nucleoli usually prominent (Fig. 2A-E), abnormal 
mitotic figures, giant cells and anaplasia were not a 
common feature. Sections of peritoneal nodules 
exhibited similar biphasic morphology. 

Histochemically, both intracellular and intercellular 
alcianophilia were prominent. Alcian blue staining at 
pH 1 ,  which inhibits the staining of carboxylated 
nonsulfated GAGS,".-':' was strongly positive (Fig. 2B), 
suggesting the presence of GAGS other than hyaluronic 
acid. When sections were stained with alcian blue at  
p H  2.5, which allows binding of the dye to both car- 
boxylated and sulfated GAGS," the tissue alcianophilia 
was only slightly enhanced (Fig. 3). Following treat- 
ment with testicular hyaluronidase, which degrades 
both hyaluronic acid and chondroitin sulfate, there 
was marked reduction of the staining. However, when 
sections were pretreated with Streptomyces hyal- 
uronidase, which more specifically degrades hyal- 
uronic acid. Ifim no significant decrease in the tissue 
alcianophilia was detected. Sections digested with 

FIG. 3. Malignant meso- 
thelioma, sarcomatous pat- 
tern. The section has been 
stained with alcian blue at 
pH 2 . 5 ,  which allows the 
staining of both sulfated and 
nonsulfated glycosaminogly- 
cans.2H The tissue alciano- 
philia is only slightly en- 
hanced when compared with 
Fig. 2D ( ~ 2 0 0 ) .  

neuraminida~el~ exhibited no significant changes in 
staining affinity of the neoplastic cells and matrix. 

Biochemical Ancrlysis 
A summary of the biochemical findings is provided in 

Table I. These findings indicate that both uronic acid 
and total glycosaminoglycan contents are increased 
in the mesothelioma when compared with lung car- 
cinomas and normal lung. Cellulose acetate electro- 
phoresis performed in 0.3 M cadmium acetate buffer, 
pH 4.1 of GAGs extracted from mesothelioma, re- 
vealed four distinct bands after alcian blue staining 
(Fig. 4). These four bands could be identified as hyal- 
uronic acid, heparan sulfate, dermatan sulfate and 
chondroitin 4- and 6-sulfate by their co-migration 
with standard GAGs and their susceptibility to GAG 
degradative enzymes (Fig. 5). The first band co-migrated 
with standard hyaluronic acid and disappeared upon 
treatment with leech hyaluronidase, an enzyme that 
specifically hydrolyzes hyaluronic acid.31 Heparan 
sulfate was identified as the second band on the basis 
of electrophoretic mobility, insensitivity to all the 
enzymes used, and degradation by nitrous acid treat- 
m e n P  (data not shown). The third and fourth bands 
were identified as dermatan sulfate and chondroitin 
4- and 6-sulfate, respectively on the basis of their 
electrophoretic mobility and their selective sensitivity 
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TABLE 1 .  Glycosaminoglycans of Pleural Mesothelioma and Control Tissue 

Distribution of glycosaminoglycanst 
Total GAGs Total uronic 

Number (pp/mg dry acid (pp/mg Hyaluronic Heparan Dermatan Chondroitin 4- 
Tissue of cases tissue)* dry tissue) acid sulfate sulfate and 6-sulfate 

~~ 

Mesothelioma 
Normal lung 
Pleural plaque 
Lung carcinoma 
Neurofibroma (subcutis) 
Leiomyoma (uterus) 
Sarcoma (uterus) 
Malignant fibrous 

histocytoma 

2.675 1.572 0.073 0.229 0.261 2.112 
1.566 ? 0.16 0.580 t 0.02 0.518 2 0.03 0.237 ? 0.018 0.540 5 0.05 0.271 t 0.015 
2.926" 0.64 1.84 ? 0.19 0.323 ? 0.067 0.190 t 0.020 2.095 5 0.14 0.318 rfr 0.04 
2.229 ? 0.34 1.177 2 0.15 0.426 t 0.05 0.243 2 0.018 0.543 f 0.05 1.017 5 0.10 
3.847 2.50 0.920 0.285 2.120 0.522 
2.305 1.04 0.490 0.248 1.358 0.209 
2.445 1.91 2.002 0.060 0.132 0.251 

1.632 0.904 0.842 0.124 0.122 0.544 

* Quantitation of the GAGs was performed by densitometry of 
the stained cellulose acetate strips and reference to standard curves. 
The values of GAGs and uronic acid are expressed as averages 

k SEM. 
t Absolute concentrations of individual GAGs p g h g  ofdry tissue. 

to specific chondroitinases (Fig. 5). Both of these 
bands were removed by chondroitin ABCase but only 
the fourth band was sensitive to chondroitin A/Case, 
the enzyme that specifically degrades chondroitin 4- 
and 6-sulfate and not dermatan sulfate.32 The specificity 
of these enzymes was tested against standard mix- 
tures of GAGs. (Fig. 5 ) .  

In order to separate the chondroitin 4- and 6-sulfate 
isomers, parallel samples were electrophoresed in 
0.2 M Ca acetate buffer, p H  7.25  for 3 hours.20 Den- 
sitometric scans of the electrophoretograms revealed 
that the major sulfated GAG in this case of meso- 
thelioma was the chondroitin 6-sulfate isomer repre- 
senting 80% of total chondroitin sulfate. (Fig. 6). This 
pattern is clearly different from control lung which 
contains dermatan sulfate as the major GAG. 

Quantitative analysis of the separated GAGs re- 
vealed that mesothelioma contained an approximate 
eight-fold increase in absolute quantity of chondroitin 
sulfate when compared with normal lung (Table I). On 
the other hand, hyaluronic acid represented a minor 
fraction (-3%) of GAGs of mesothelioma and it con- 
stituted only 14% of that present in the control lung. 

Dermatan sulfate and heparan sulfate were also 
present in smaller quantitites in mesothelioma. 

Lung carcinomas contained less dermatan sulfate 
and more chondroitin sulfate when compared with 
normal lung but less chondroitin sulfate when com- 
pared with mesothelioma. However, lung carcinoma 
contained similar concentrations of hyaluronic acid 
when compared with normal lung. Pleural plaques 
contained elevated concentration of dermatan sulfate. 

The other connective tissue neoplasms analyzed 
(Table I) exhibited changes in relative proportion of 
the various GAGs. In particular, uterine sarcoma and 
malignant fibroushistiocytoma contained relative high 
amounts of hyaluronic acid, while neurofibroma and 
leiomyoma showed a relative elevation of dermatan 

Ch 4-6-S n 4 STANDARD GAG I .oo 

. 5 0 ~  0 
CONTROL LUNG 

.50 m-s 

Q 0 '  2 1 I 

LJ 
I I 

LUNG CARCINOMA 

,504 HA HS I 

1 2 3 4 5 6 7 - 8  
0 

Electrophoretic migration ( cm from- origin ) 
FIG. 4. Densitometric scanning of cellulose acetate electrophoreto- 

grams of standard GAGs and GAGs extracted from normal lung, 
lung carcinoma and mesothelioma. Cellulose acetate electrophoresis 
was performed in 0.3 M cadmium acetate buffer at pH 4.1 for 4 
hours at constant current of 1.2 mamplstrip. 
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0 
STANDARD GAG 

1.50 
I.OO] Ch 4-6-S 

n 

@ -  
7 

Ch4-6-S 
- MESOTHELIOMA 

- 
- 
- 
- 

Ch-4-6-S +LEECH Ch-4-6-S +LEECH 

1.59 +CHONDROITIN ABC ase ] + CHONDROITIN ABC ase 
1.00 j 

HA HS DS Ch4-6-5 HA HS DS Ch4-6-S 
- + +  50- 
0 , \ \ 19 + CHONDROITIN A / C  ase 4 + CHONDROITIN A / C  ase 

I .oo i 5oj , 7 ,  -hT-: , 1 ,? ,=-6-s , 

' 1 2 3 4 5 6 7 8  1 2 3 4 5 6 7 8  
Electrophoretic migration ( cm from origin) 

FIG. 5 .  Densitometric 
tracings of electrophoreto- 
grams of standard GAGS 
(left column) and mesothe- 
lioma (right column) before 
and after incubation with 
enzymes under same elec- 
trophoretic conditions as in 
Figure 4. The mesothelioma 
exhibits four bands, the 
fourth of which is identi- 
fied as chondroitin 4- and 
6-sulfate on the basis of its 
co-migration with standard 
chondroitin 4- and 6-sulfate, 
its degradation by chon- 
droitin ABCase and NCase 
and by its insensitivity to 
leech hyaluronidase which 
specifically degrades hyal- 
uronic acid."' 

sulfate. However, in no instance was the absolute con- 
centration of chondroitin 4- and 6-sulfate present in 
these tissues as elevated as that found in pleural meso- 
thelioma. Percent recovery of known concentrations of 
GAGS added to all the dry samples exceeded 90%. 

Ashrstos Annlysis 
In the present case, the average number of asbestos 

fibers per 5 g of lung parenchyma was 25. This figure 
is substantially higher than in the average control 
population (< 1015 g) analyzed in our laboratory. Figure 
7 shows a typical asbestos body with a straight central 
core and beaded portions. Electron probe microanaly- 
sis revealed the elemental composition of Mg, Si and 
Ca, characteristic of the true asbestos fiber25*33 (data 
not shown). 

Discussion 
Diagnosis of malignant mesothelioma is sometimes 

difficult because of the diversity and complexity of its 
microscopic morphology and overlap of clinical and 
gross pathologic features with those of certain visceral 
and soft tissue neoplasms metastatic to serous mem- 

brane."-'9*34 A number of approaches have been used 
to aid in the identification of this neoplasm. These 
criteria include: gross morphology, chemical and histo- 
chemical studies of effusions, studies excluding another 
primary source, history of asbestos exposure ,2y and 
more recently, glycosaminoglycan (GAG) analysis of 
proteolytic digests of m e s o t h e l i ~ m a . ~ ~ ~ * ' ~  

The diagnosis of malignant mesothelioma in the 
present case is supported by the following criteria. 
The gross morphology of the neoplasm is consistent 
with the diagnosis of mesothelioma in that the tumor 
expressed the tendency to spread along serosal mem- 
branes, encasing the right lung and extending into the 
pericardium, right chest wall and diaphragm. The 
nodular and plaque-like character of the present neo- 
plasm in the peritoneal serosa is another feature often 
associated with mesothelioma.29 Additional evidence 
is represented by the absence of any other primary 
neoplasm in the lungs, gastrointestinal tract or else- 
where and by the absence of any distant metastases 
at autopsy. Histologically, the tumor exhibited bi- 
phasic morphology with both mesenchymal and epi- 
thelial patterns and minimal cellular pleomorphism 
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generally ascribed to malignant mesothelioma.'i-"".~ 
Furthermore, there was a well-documented history of ex- 
posure to asbestos (-40-year duration) and a long 
interval between the end of asbestos exposure and the 
onset of symptoms. Finally, a large number of 
asbestos fibers were extracted from the digested lung. 
The association of mesothelioma with asbestos expo- 

n6-ag and it has been shown that as in the present case, 
samples of lung tissue are positive for asbestos fibers 
in 92% of the cases of mesothelioma.'" 

Although the above findings are consistent with a 
diagnosis of mesothelioma, the biochemical results of 
marked elevation of chondroitin sulfate and the pres- 
ence of only small amounts of hyaluronic acid differ 
with previous reports, which indicate that hyaluronic 
acid is the major GAG detectable in fluids or tissues of 
mesothelioma.'-"' The difference between our findings 
and those reported in the literature may be due to 
various factors. One possibility may be that in previous 
studies different extraction techniques andlor methods 
of GAG analysis were used. In the present study, the 
mesothelioma and all the control tissues were frozen in 
liquid nitrogen immediately after removal to prevent 
leaching of GAGs, and recoveries of the extracted 
GAGs exceeded 90%. Specific GAG degradative en- 
zymes confirmed the identity of the extracted GAGs. In 
addition, the possibility that these differences might be 
due to sample selection of specific tissue areas must 
be considered. Mesothelial cells have physiologic and 
morphologic features of both epithelial and stromal 
cells,"s and as in the present case, both epithelial and 
mesenchymal patterns are often demonstrable.2i*'9 
We have previously d e m ~ n s t r a t e d ~ ~  increased levels 
of sulfated GAGs (predominantly chondroitin 4- and 
6-sulfate) in human colon carcinomas. Since chon- 
droitin sulfate is increased in a wide variety of epithelial 

it is conceivable that elevated concen- 
trations of this sulfated compound might represent the 
GAG pattern of tumorous areas exhibiting epithelial- 
like features. However, this hypothesis cannot explain 
the presence of an elevated quantity of sulfated GAGs 
as demonstrated by alcian blue staining at pH 1.0 
in areas of mesothelioma not exhibiting epithelioid 
features. 

It is unlikely that our findings reflect the GAG com- 
position of normal lung or lung carcinoma. In fact, a 
recent study on the distribution of GAGs in several 
tissues of five mammalian species has shown a char- 
acteristic tissue specificity4' of GAG'S and, as in the 
present study, chondroitin 4- and 6-sulfate were not 
the predominant glycosaminoglycans of normal lung. 
Furthermore, primary cell lines from normal lung pro- 
duce minimal amounts of chondroitin 4- and 6 - s ~ l f a t e . ~ ~  

sure has been consistent in all parts of the world'- 23-27,- 

0- 

95 

0 
STANDARD G A G  ch-6-s 

1.507 n 

loo! 5 0  P-J \ 
0 ,  I I I I 1 

1501 CONTROL LUNG 

Ch6-S  n 2,00j MESOTHELIOMA 

I .oo 

5 0 $  [ 
1 -  \ 

I 1 I 1 
1 2 3 4 5 6 7 8  

Electrophoretic migration (cm from origin) 

FIG. 6. Densitometric scanning of electrophoretograms per- 
formed in 0.2 M calcium acetate/buffer, p H  7.25, for 3 hours at 
constant current of 1.2 mamp/strip. All the GAG mixtures were 
pretreated with nitrous acid to hydrolyze heparan sulfate which 
under these conditions co-migrates with dermatan Three 
peaks are clearly discernible and represent the three isomers of 
chondroitin sulfate, namely chondroitin sulfate B or dermatan sul- 
fate (1st peak), chondroitin 4-sulfate and chondroitin 6-sulfate (2nd 
and 3rd peaks). This method demonstrates the relatively high con- 
centration of chondroitin 6-sulfate and the low concentration of 
dermatan sulfate in the mesothelioma. In the control lung, the 
reverse situation occurs. 

In addition, the qualitative and quantitative changes in 
GAG composition of the four lung carcinomas analyzed 
in this study differ from those found in the mesothe- 
lioma, but are in accordance with the findings of other 
investigators.&' Finally, the GAG composition of the 
other connective tissue neoplasms analyzed in this 
study (Table I) is in general agreement with findings 
of other l a b o r a t ~ r i e s ~ ' * ~ ~ * ~ ~  which have demonstrated 
that dermatan sulfate and not chondroitin 4- and 6- 
sulfate is increased in benign tumors. These findings 
have led to the suggestion that enhanced production 
of chondroitin 4- and 6-sulfate might play a direct role 
in m a l i g n a n ~ y . ~ ~  

An alternate explanation of our findings would be 
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the pursiblc c\isteizce i)f t & o  hiochcniic,dlq diffeiciit 
forms of mesothelionla. one high in hyalui oiii~ 'tctd. 
the othei high in <hoiidioitin bulf'zttc. Othei studies' 
hLi-Le demonstrated elcvated miourits 0 1  chondioitiii 
sulfate in diffuse nxsothetlioma but these inLi e'zses 
hair.  also been accampanied tq increases iii  hy.iluronic 
acid. Biochcmic,illy t h t inc t  foi in:, of neopl.isni\ ha\ e 
also becn icctcntly pioposed. Taheuchi ( / (11 +' dcni- 
onstrated that plci):iioi phic ndeiwm,t of thc sJ1i-Lai-y 
gland could be cla5sific:d in t w o  catrgdries hascd upon 
morphology of the cells mil bit>cheniic,rl 611,il) s ~ s  of 
GAG\. lype  I tumoi s conv5tecl iiiainl> of spindle cells 
producing large anidunts of h) aluronic acid. hepnraii 
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