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Using a modified papain digestion cetylpyridinium salt precipitation method, glycosaminoglycans were 
isolated from 21 mesotheliomas, 34 primary lung carcinomas, 12 carcinomas of other sites, and 7 soft 
tissue sarcomas. Qualitatively, hyaluronic acid (HA) was present in 20 of 21 mesotheliomas, about 
half of the primary lung adenocarcinomas, and all of the soft tissue sarcomas. On the average, HA 
constituted 45% of the total glycosaminoglycans in the mesotheliomas and 28% of the total in the lung 
cancers. Quantitatively, mesotheliomas contained statistically greater amounts (mean value, 0.74 mg/ 
g) of HA than primary lung adenocarcinomas (mean value, 0.08 mg/g), but were not statistically 
different from soft tissue sarcomas (mean value, 2.01 mg/g) or primary ovarian serous neoplasms 
(mean value, 0.92 mg/g). The study concludes that, contrary to previous reports, HA is neither the 
sole nor the predominant glycosaminoglycan in most mesotheliomas, but, given the proper clinical and 
histologic setting, the finding of sufficiently high levels (greater than 0.4 mg/g dry tissue extract) 
supports the diagnosis of mesothelioma when the alternative diagnosis is primary adenocarcinoma 
of lung. 

Cancer 54:2195-2199, 1984. 

HE PATHOLOGIC DIAGNOSIS of malignant mesothe- T lioma of the pleura or peritoneum is based on 
consistent gross, microscopic, and histochemical findings. 
The latter reflect the fact that most adenocarcinomas 
(particularly lung primaries) secrete neutral mucin, which 
stains with digested periodic acid-Schiff stain (PAS), 
whereas some mesotheliomas secrete hyaluronic acid 
(HA), which can be stained with alcian blue or colloidal 
iron and which disappears if sections were pretreated 
with hyaluronidase. Despite this theoretic scheme, the 
separation of mesotheliomas from metastatic carcinomas 
or sarcomas is frequently difficult. Although the PAS 
stain is generally easy to interpret, definitive staining for 
HA is achieved in fewer than 50% of cases,' and the 
staining patterns are often difficult to interpret. 

Assay of tumor-secreted HA in pleural fluid was 
suggested a number of years ago as a means of identifying 
mesotheli~mas.~~~ More recently, Waxler and associates4 
developed a method for extracting HA and other gly- 
cosaminoglycans (GAG) from tumor tissue and found 
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that mesotheliomas contained only or almost entirely 
HA, whereas carcinomas and sarcomas contained a 
mixture of HA and other GAG. They concluded that 
in the proper clinical and pathologic setting the presence 
of HA as the sole or major (more than 90%) GAG was 
diagnostic of mesothelioma. Katzenstein and co-workers 
have used this procedure to examine sclerosing heman- 
giomas of lung, and have concluded, using the same 
rationale, that they were of mesothelial origin.5 

In this report we have modified the procedure of 
Waxler et al., and have examined the applicability of 
both qualitative and quantitative GAG analysis to me- 
sothelioma diagnosis. 

Materials and Methods 

Case Selection 

We analyzed a total of 74 cases, including 21 meso- 
theliomas, 7 soft tissue sarcomas, 34 primary carcinomas 
of lung (14 adenocarcinomas, 6 small cell carcinomas, 
7 squamous carcinomas, and 7 large cell carcinomas), 
8 ovarian tumors (5 borderline serous neoplasms and 3 
serous carcinomas), and 4 carcinomas metastatic to the 
lung from various sites. All material was fixed in for- 
malin, and analyses were performed upon the formalin- 
fixed tissue. Because many cases were referred, and 
hence no information could be obtained about whether 
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the enclosed formalin was the original fixative, we did 
not include the formalin itself in the analysis. 

Extraction of GAG From Tissue 

The method of Waxler and associates4 was followed 
with the following modifications: From 1 to 3 g of wet 
formalin-fixed tissue were selected; necrotic areas were 
avoided. Formalin and fat were removed by washing in 
absolute ethanol and xylene, and the tissue blocks were 
embedded in paraffin. Thirty-micron-thick tissue sections 
were then cut in large numbers. After the removal of 
the paraffin with xylene and absolute alcohol, the tissues 
were ground in distilled water, frozen, and lyophilized 
to a dry powder. This procedure yielded a product that 
was much more finely ground than that produced by 
direct reduction of the tissue in a tissue grinder; the 
product could also be used for quantitative analysis. 

For each case, 100 mg of lyophilized product were 
used for digestion. Before digestion, 18 pg of freshly 
prepared L-cysteine (Sigma) in buffer were added to the 
tissue and to activate the papain. Digestion was begun 
with 1 mg of activated papain (Sigma) for 24 hours at 
55°C in 0.1 rnol sodium acetate buffer (pH 5.5) con- 
taining 5 mmol sodium EDTA; at this time another 1 
mg of papain was added to complete digestion, which 
was allowed to continue for 24 more hours. The digest 
was then centrifuged at 1300 g for 20 minutes. Two 
percent weight per volume (w/v) cetylpyridinium chloride 
(CPC) in 5 mmol sodium sulfate was added to the 
solution dropwise to flocculation. After incubation at 
37°C for 2 to 3 hours, the solution was centrifuged at 
1300 g for 15 minutes. The sediment was dissolved in 
60% (w/v) n-propanol, centrifuged, and reprecipitated 
with absolute ethanol buffered with 0.1 mol sodium 
acetate and 0.2 mol acetic acid overnight at 4°C. 

Electrophoresis 

The precipitate from the above procedure was dis- 
solved in 100 p1 of 0.15 mol sodium acetate and 1 .O pl 
of this solution was applied to the origin on a cellulose 
acetate electrophoresis strip (Gelman Sepraphore 111). 
Electrophoresis was performed in a Beckman Model 
R 120 Microzone apparatus with 0.15 mol zinc acetate 
buffer solution (pH 5.9) at 150 V for 90 minutes. The 
strips were stained with 0.2% (w/v) alcian blue in 0.3 
mmol citric acid monohydrate-buffered ethanol (pH 3.0) 
overnight, and were then cleared with buffered ethanol 
and Sepra Clear I1 solution (Gelman), dried, and 
mounted on glass strips. 

Standards 

Standard solutions of HA from human umbilical 
cord, chondroitin 4 sulfate (CS) from bovine nasal 

septum, and dermatan (DS) and heparan (HS) sulfates 
from ox lung (prepared in the laboratory by one of the 
authors [R.H.P.]) were mixed to produce a final total 
GAG concentration of 0.5 mg of each GAG per ml in 
0.15 rnol acetate buffer (pH 5.5). The concentration of 
HA in the standard solution was confirmed by the Bitter 
and Muir carbazole borosulphuric acid method.6 A 
series of diluted standards were prepared from this stock 
solution and examined by electrophoresis. The minimal 
detectable concentration by this method was 0.0625 mg/ 
ml of solution. 

Qualitative and Quantitative Estimation of GAG 

For each specimen, an electrophoresis strip consisting 
of tumor extract and standards was prepared. The strips 
were examined at 600 nm in a Gelman densitometer. 
If a discernable peak was present in the test specimen, 
the result was scored qualitatively as positive. Estimation 
of percent of HA compared to total GAG was performed 
according to the method of Breen et aL7 For quantitative 
analysis, the method of Breen and co-workers' was used 
to compare areas under each specimen peak with the 
standard GAG peak. Values were expressed as mg of 
HA per g of dry tumor extract. 

To confirm that the band seen on the electrophoretic 
strip was actually HA, some batches of standard solutions 
as well as test samples were pretreated for 24 hours at 
37°C with bovine testicular hyaluronidase (Sigma) at a 
concentration of 1 mg/100 ml in 0.5 mol acetate buffer 
(pH 5.5) before electrophoresis. This procedure com- 
pletely removed the HA band. 

Reproducibility of the assay was tested by running 
duplicate samples (each composed of 100 mg of the 
lyophilized powder) for 1 1 mesotheliomas. 

Statistical Analysis 
Because the distribution of quantitative values tended 

to be non-normal, both means and medians were cal- 
culated, and comparisons were made using the Wilcoxon 
signed rank test.g 

Results 

Qualitative Analysis 

Mesotheliomas: Qualitative results are shown in Table 
1. Twenty of 21 mesotheliomas were positive for HA; 
all the tumors contained DS and CS, but only 3 con- 
tained HS. 

Primary lung cancers: HA was found in 6 of 14 
primary adenocarcinomas of lung, 5 of 7 large cell 
carcinomas, 5 of 7 squamous carcinomas, and 4 of 6 
small cell carcinomas. Most of the tumors also contained 
DS and CS, but only the squamous carcinomas con- 
tained HS. 
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Ovarian carcinomas: HA was found in six of eight 
ovarian primaries including four of the five borderline 
serous neoplasms and two of three serous carcinomas; 
these tumors also generally contained DS and CS, but 
not HS. 

Miscellaneous carcinomas: HA was recovered from 
the breast and colon tumors, but not from the prostate 
or squamous carcinoma of the cervix. The presence of 
other GAG was variable. 

Soft tissue sarcomas: HA was found in all of the soft 
tissue sarcomas, most of which also contained DS and 
CS, but not HS. 

Quantitative Analysis 

Results of quantitative analysis are shown in Table 2 
and Figure 1. The highest values (mean, 2.01 mg/g dry 
extract; median, 1.2 1 mg/g dry tumor extract) were seen 
in the group of seven soft tissue sarcomas, and the next 
highest in the ovarian carcinomas (mean, 0.92 mg/g; 
median, 0.96 mg/g) and mesotheliomas (mean, 0.74 
mg/g; median, 0.22 mg/g). The primary lung cancers 
contained considerably smaller amounts (mean, 0.17 
mg/g dry extract; median, 0.13 mg/g), and the adeno- 
carcinomas of lung even less (mean, 0.08 mg/g; median, 
0 mg/g). There was no statistically significant difference 
in concentration between mesotheliomas, soft tissue 
sarcomas, and primary ovarian serous neoplasms; how- 
ever, there was a significant difference between mesothe- 
liomas and all carcinomas, (P < 0.005); and between 
mesotheliomas and adenocarcinomas (P < 0.00 1). 

The reproducibility of the assay was checked by 
running 11 mesotheliomas in duplicate, as described. 
Results are shown in Table 3. There was generally 
excellent agreement between samples. 

The percentages of HA compared to total GAG are 
shown in Table 4. On average, HA constituted 45% of 
total GAG in mesotheliomas, 28% in carcinomas, 46% 
in sarcomas, and 25% in primary ovarian carcinomas. 
In one mesothelioma HA constituted 87% of GAG, but 
a similar value (9 1 %) was also seen in one carcinoma. 

Discussion 

In this report we have qualitatively examined the 
presence of four different GAG and quantitatively esti- 
mated the content of HA as recovered from fixed tissue 
in a variety of tumor types. HA was found in almost all 
of the mesotheliomas examined and was present in all 
of the soft tissue sarcomas as well. Adenocarcinomas of 
the lung, a group of tumors that present a diagnostic 
problem with regard to mesotheliomas, contained de- 
tectable amounts of HA less than 50% of the time. DS 
and CS were present in both tumor types. Contrary to 
the report of Waxler et al,,4 in our study HA was the 

TABLE 1. Analysis of GAG in Mesotheliomas and Controls: 
Qualitative Results 

~~ 

Tumor type (no. of cases) HA DS CS HS 

Mesotheliomas (21) 
Epithelial (1 1 )  + + + + 3/11 
Sarcomatous (3) + + + 
Mixed (7) + 617 + + 
Primary in lung (34) 

Adenocarcinoma ( 14) + 6/ 14 + + 
Large cell (7) + 517 i 517 + - 
Small cell CA (6) + 416 + + 
Squamous cell CA (7) + 517 + + + 517 

Metastatic cervical (1 )  - - 
Metastatic prostate (1) - + 
Metastatic breast ( 1 )  + + + + 
Metastatic colon ( 1 )  + - 
Ovarian primary (8) + 618 + 718 + 518 - 

histiocytoma (1) + + 

- 
- 

Carcinomas (46) 

- 

- 

Other sites (12) 
- + 

- - 

- + 
Sarcomas (7) 

Malignant fibrous 

Fibrosarcoma (2) + + + 
Myxoid liposarcoma (2) + + + + 
Leiomyosarcoma (1) + + + 
Unclassified sarcoma ( 1  ) + + + 

- - 
- 

- 
- 

HA: hyaluronic acid; DS: dermatan sulfate; CS: chondroitin 4 sulfate; 
HS: heparan sulfate; +: present in all tumors examined -: not present 
in all tumors examined + 617: present in 6 of the 7 tumors examined. 

major GAG present only about 50% of the time, and 
only occasionally constituted 90% or more of the total 
GAG present. We never encountered the situation de- 
scribed by Waxler and co-workers, in which HA was 
the only GAG recovered. 

The reasons for these discrepancies are not clear. 
However, some are probably methodologic. Recovering 
the cetylpyridinium glycosaminoglycan salt after 2 to 3 
hours of precipitation instead of 24 hours increased our 
yield of GAG of all types. The fact that we found all 

TABLE 2. Concentration of Hyaluronic Acid 
in Various Types of Tumor* 

Tumor type Mean & SD Range Median 

Mesotheliomas 
Primary lung carcinomas 

Adenocarcinomas 
Large cell carcinomas 
Squamous cell carcinomas 
Small cell carcinomas 

Miscellaneous carcinomas 
Ovarian primaries 
Metastatic cervical 
Metastatic prostate 
Metastatic colon 
Metastatic breast 

Soft tissue sarcomas 

0.74 f 1.08 
0.17 k 0.30 
0.08 f 0.10 
0.23 k 0.26 
0.19 k 0.10 
0.36 * 0.59 

0.92 k 0.67 
0 
0 
0.34 
0.70 

2.01 k 2.09 

0-4.80 
0- 1 .so 
0-0.26 
0-0.6 1 
0-0.3 1 
0-1.50 

0-1.67 

0.40-5.90 

0.22 
0.13 
0 
0.13 
0.23 
0.75 

0.96 

1.21 

* Values as mg/g dry tumor extract. 
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FIG. 1. Diagram showing distribution of quantitative values for hyaluronic acid in various types of tumors. 

types of GAG in our tumors, whereas Waxler et al. 
found predominantly or entirely HA in their mesothe- 
liomas, suggests that we recovered a greater portion of 
GAG than did Waxler and associates. However, this 
cannot be checked directly since their data are entirely 
qualitative. On the other hand, we used exclusively 
fixed, as opposed to fresh or frozen, tissue, and did not 
include the formalin in the analysis volume, since, as 
noted above, in most instances it was not the original 
formalin. Thus, we might not be recovering some of the 
HA that Waxler and co-workers recovered. We did 

TABLE 3. Reproducibility of Analysis for 1 I Mesotheliomas' 

Case Run 1 Run 2 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  

0.37 
0.72 
0.29 
0.17 
0.16 
0.42 
0.16 
0.64 
0.7 I 
0.58 
0 

0.41 
0.64 
0.15 
0.19 
0.12 
0.24 
0.15 
0.3 1 
0.64 
0.5 I 
0 

* Values as mg HA/g dry tumor extract. 
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examine the original fixative from several tumors, and 
found that it contained very small amounts of HA, but 
always much less than was recovered from the tumor 
itself. 

Since most of the tumors examined demonstrated a 
band for HA on the electrophoretic strip, we conclude 
that the presence of HA as the sole or major GAG is 
not in itself sufficient evidence for the diagfiosis of 
mesothelioma, and we disagree with the conclusion of 
Katzenstein and associates5 that sclerosing hemangiomas 
of lung are actually mesotheliomas, at least in as much 
as that conclusion is based on this type of assay. 

With regard to the separation of mesothelioma and 
adenocarcinoma of the lung, our quantitative results are 
more encouraging. The mean concentration of HA in 
the mesotheliomas (0.74 mg/g dry extract) was statisti- 
cally greater than the value for adenocarcinomas (0.08 

TABLE 4. Hyaluronic Acid as a Percent 
of Total GAG (Total GAG = 100%) 

Tumor group Mean (range) 

Mesotheliomas 45 (0-87) % 
Carcinomas of lung 28 (0-91) % 
Sarcomas 46 (27-79) 90 
Carcinomas of ovary 25 (0-68) % 
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mg/g), and no adenocarcinoma of lung contained more 
than 0.26 mg/g. We conclude that the finding of a 
sufficiently high concentration of HA (greater than ap- 
proximately 0.4 mg/g; i.e., three standard deviations 
over the mean value of adenocarcinomas) by this type 
of assay strongly favors the diagnosis of mesothelioma 
when the contrary diagnosis is primary lung adenocar- 
cinoma. However, this type of separation is questionable 
for other cell types, and it is not at all feasible for the 
separation of sarcomatous mesothelioma from metastatic 
soft tissue sarcoma. 

Several caveats should be noted. It is important to 
dissect tumor tissue as free as is possible from stroma 
and other tissues to avoid assaying HA from other 
sources. It is also possible that there are variations in 
the concentration of HA from area to area of a given 
tumor; this problem can be at least partially eliminated 
by selecting as large a piece of tumor as possible for the 
initial extraction procedure. 

The finding of high levels of HA in primary ovarian 
carcinomas and borderline neoplasms is of interest, 
since these tumors are claimed to be derived from 
mesothelium and to produce HA. The mean value for 
these tumors (0.92 mg/g) was similar to that for the 

mesotheliomas (0.74 mg/g); this finding lends some 
support to the mesothelial origin of the ovarian tumors. 
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