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ABSTRACT: In many but not all cases, malignant mesothelioma is associated with
an elevated content of hyaluronan in pleural fluid. The hyaluronan-producing
mesothelioma has not yet been immunohistochemically characterized; therefore,
the purpose of this study was to compare the immunohistochemical reactivity pat-
terns in relation to the ability of this tumour to produce hyaluronan.

Pleural fluid samples from 33 patients with malignant mesothelioma were analysed
for content hyaluronan using a quantitative high performance liquid chromato-
graphic method. Biopsy specimens from the patients were studied immunohisto-
chemically, using monoclonal antibodies against carcinoembryonic antigen (CEA),
epithelial membrane antigen (EMA), a low molecular weight cytokeratin antigen
(CAM 5.2) and vimentin.

An elevated hyaluronan content, i.e. >100 mg·L-1, was noted in 23 patients (70%).
There was no reactivity to the monoclonal antibody raised against CEA in any
case. There was a significantly higher reactivity to EMA (p=0.026), a higher reac-
tivity to CAM 5.2 (p=0.053) and a lower reactivity to vimentin (p=0.057) in the
hyaluronan-producing mesotheliomas as compared to those with normal levels of
hyaluronan. 

Mesotheliomas that produced hyaluronan differed immunohistochemically from
those that did not. The connection between the ability to produce different anti-
gens and hyaluronan may relate to the degree of differentiation of the tumour.
Both of these characteristics (immunophenotype and ability to produce hyaluro-
nan) may, therefore, be of importance in studies concerning the prognosis and
treatment of the malignant mesothelioma.
Eur Respir J 1997; 10: 404–408.

Depts of *Respiratory Medicine and All-
ergology, and **Pathology, Sahlgrenska
University Hospital, Gothenburg, Sweden.
+Dept of Pathology, Huddinge University
Hospital, Huddinge, Sweden.

Correspondence: A. Thylén
Dept of Respiratory Medicine and Allergology
Sahlgrenska University Hospital
S-413 45 Gothenburg
Sweden

Keywords: Hyaluronan
immunohistochemistry
mesothelioma
pleural fluid

Received: May 30 1996
Accepted after revision November 11 1996

Supported by grants from the Swedish
Cancer Society (Project Nos. 2485 and
923248).

Malignant pleural mesothelioma is often caused by
occupational exposure to asbestos. There is an increas-
ing incidence of the tumour in the industrial parts of the
world. This is not only due to increased use of asbestos
[1], but probably also to improved possibilities of estab-
lishing the diagnosis. A rising incidence and the legal
implications of the disease have focused attention on
the diagnostic difficulties caused by the variability in
histological expression of the tumour.

The tumour is histologically classified into three major
subtypes: epithelial, sarcomatoid, and mixed. Diagnostic
difficulties are caused mainly by problems in distin-
guishing the epithelial subtype of mesothelioma from
adenocarcinomas. Introduction of electron microscopy,
immunohistochemical techniques and reliable analyses
of hyaluronan have greatly reduced this diagnostic dilem-
ma [2].

Immunohistochemical analyses have shown that at
least one epitope of carcinoembryonic antigen (CEA) is
almost invariably absent in all three subtypes of mesothe-
lioma [3–6]. Antibodies to vimentin strongly react to
the sarcomatoid subtype the sarcomatoid part of the

mixed subtype of mesotheliomas [3, 4, 6–9]. The epithe-
lial and mixed subtypes in most cases react to antibod-
ies raised against epithelial membrane antigen (EMA)
[6–8, 10]. Antibodies to cytokeratin are immunoreac-
tive in all three major subtypes of mesothelioma, and
this reaction may be of help in identifying a sarcoma-
toid component of the tumour [3, 4, 6–8].

Hyaluronan is a high molecular weight glycosamino-
glycan. Increased amounts of hyaluronan in the pleural
fluid from patients with malignant mesothelioma were
first described by MEYER and CHAFFEE [11] in 1939, and
the clinical sensitivity of hyaluronan analyses as a means
of diagnosing malignant mesothelioma with high speci-
ficity (close to 100%) is in the order of 50% [12]. In
this way, a number of mesotheliomas will be charac-
terized also according to their hyaluronan production.
It is not known, however, whether those tumours with
the ability to secrete hyaluronan differ from the non-
producing ones in other respects. 

The purpose of this study was to compare the immuno-
histochemical reactivity patterns in relation to the abil-
ity of this tumour to produce hyaluronan.
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Patients and methods

Pleural fluid samples and biopsy specimens were exam-
ined in a prospective study of 33 consecutive patients
with biopsy-verified malignant pleural mesothelioma. All
patients were males, with a mean age of 63 yrs (range
39–81 yrs), and all except two had known exposure to
asbestos. 

The histological diagnosis was based on: tissues from
thoracoscopy (22 patients); Abrams needle biopsy (1),
transthoracic Tru-cut needle (Travenol Laboratory, Deer-
field, IL, USA) biopsy with fluoroscopic guidance (5),
biopsy of skin metastases (3); and from autopsy (2). The
biopsy specimens (2–5 mm) were fixed in 4% buffered
formalin and embedded in paraffin. Sections were cut at
4–5 µm, placed on glass slides and coded. The slides were
stained with haematoxylin and eosin and with periodic-
acid-Schiff-diastase (PAS-D). Re-evaluation of the his-
tological diagnosis was carried out as a joint examination
of all sections by two experienced lung pathologists. 

Immunohistochemical characterization was perform-
ed using a panel of five different antibodies (table 1).
After blocking reactions (0.3% H2O2 in methanol for 5
min to block endogenous peroxidase and 2% preimmune
serum to block nonspecific immunoreactivity), the sec-
tions were incubated with the specific antibodies. The
antigen-antibody complexes obtained were then visual-
ized using the Multilink Universal HRP kit (Bio Genex
Laboratories, San Ramon, CA, USA) with diaminoben-
zidine (DAB) as the substrate. Appropriate positive and
negative controls were performed. For all antibodies, the
reactivity was graded as: negative when <2% of the cells
were positive; 1+ with 2–25% being reactive; 2+ with
26–50%; 3+ with 51–90%; and 4+ with >90% positive
cells. This grading system did not take into considera-
tion the strength of reactivity. Five cases (Nos. 1, 2, 5,
9 and 10) served as controls and were graded as described
above every time (seven times) new cases were exam-
ined. 

The hyaluronan analyses were performed using a quan-
titative high performance liquid-chromatographic (HPLC)
method [13]. The hyaluronan was precipitated from 20
µL of acellular pleural fluid supernatant by adding 80
µL ethanol. The precipitate obtained was centrifuged,
and the pellet digested with 100 µL digestion mixture
containing chondroitinases and chondroitin sulphatases.

Ten microlitres was then taken for the HPLC analyses,
by which the hyaluronan-derived delta disaccharide was
separated from others present in the digest. Fisher's exact
test and Mann-Whitney U-test were used for the statisti-
cal analyses. A p-value of less than 0.05 was consid-
ered significant.

Results

All the mesotheliomas showed typical histopatholog-
ical features. The reactivity to the various antibodies
and staining for PAS-D, the histological subtypes and
hyaluronan concentrations are presented in table 2. Among
the 33 cases, 23 (70%) were of the epithelial, four (12%)
of the sarcomatoid, and six (18%) of the mixed histo-
logical subtype. The PAS-D stain showed weak posi-
tivity in two epithelial mesotheliomas.

CEA

There was no reactivity to the monoclonal antibody
raised against CEA in any case.

Vimentin

The reactivity to the vimentin antibody used and the
corresponding hyaluronan concentrations are shown in
figure l. The reactivity to vimentin correlates negatively
to the capacity to produce hyaluronan (r=-0.377; p<0.05).
The immunohistochemical reaction in the mixed and
sarcomatoid mesotheliomas also correlated negatively
to their capacity for hyaluronan production (r=-0.679;
p<0.05), whilst for the dominating epithelial group no
such correlation was found (r=0.167).

CAM 5.2

The reactivity to the CAM 5.2 antibody used and the
corresponding hyaluronan concentrations are shown in
figure 2. All tumours reacted to the low molecular weight
cytokeratin antigen CAM 5.2. No obvious correlation
was seen between this reactivity and the capacity to pro-
duce hyaluronan.

EMA

The reactivity to the EMA antibody used and the cor-
responding hyaluronan concentrations are shown in fig-
ure 3. The reactivity to EMA was positively correlated
to increased levels of hyaluronan in the corresponding
pleural fluids (r=0.458; p<0.01).

Hyaluronan content 

The mean (log data), median, range and standard devi-
ation (SD, log data) of the hyaluronan content in the
pleural fluids with regard to histological subtype are
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Table 1.  –  Antibodies used

Antibody Source Dilution

Anti-CEA (MoAb)* Dakopatts, 1:25
Copenhagen, Denmark

Anti-CEA (PAb) Dakopatts, 1:100
Copenhagen, Denmark

Anti-vimentin Dakopatts, 1:10
Copenhagen, Denmark

Anti-cytokeratin Becton & Dickinson, Prediluted
(CAM 5.2) San Jose, CA, USA
Anti-EMA Dakopatts, 1:10

Copenhagen, Denmark

MoAb: monoclonal antibody; PAb: polyclonal antibody; CEA:
carcinoembryonic antigen; CAM 5.2: commercial name; EMA:
epithelial membrane antigen. *: for case 11 and 26, Dako CEA
11-7 (Dakopatts, Copenhagen, Denmark) was used.
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Fig. 2.  –  Hyaluronan concentration in pleural fluid versus reacti-
vity to a low molecular weight cytokeratin antigen, CAM 5.2. Tumour
subtypes: epithelial (■); mixed (❍); and sarcomatoid (❏). For further
definitions see legend to figure 1.
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Fig. 1.  –  Hyaluronan concentration in pleural fluid versus reacti-
vity to vimentin. Tumour subtypes: epithelial (■); mixed (❍); and sar-
comatoid (❏). -: <2% positive cells; =: 2–25%; ++: 26–50%; +++:
51–90%; ++++: >90% positive cells.

presented in table 3. There was a significantly higher
concentration of hyaluronan in the pleural fluid of the
epithelial mesotheliomas as compared to the sarcoma-
toid subtype (p=0.0095), although the latter group com-

prised only a few cases. A similar difference was also
seen when comparing the mixed and sarcomatoid his-
tological subtypes, as one group, to the epithelial group
(p=0.0065). 
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Table 2.  –  Clinical data, hyaluranon content in pleural fluid and immunohistochemical results 

Case Age HYA Histological PAS-D CEA CEA Vimentin CAM 5.2 EMA
No. yrs mg·L-1 subtype PAb MoAb

1 79 153 E 1+ 1+ - 3+ 4+ 3+
2 81 264 E - 1+ - 2+ 4+ 4+
3 80 231 E - 3+ - 2+ 4+ 4+
4 76 42 E - - - 1+ 4+ 4+
5 74 1380 E - - - 3+ 4+ 4+
6 75 21 M - - - 4+ 4+ 4+
7 74 123 S - - - 3+ 3+ 2+
8 70 117 E - - - 2+ 4+ 3+
9 70 87 E 1+ - - 3+ 4+ 2+

10 70 684 E - 2+ - 2+ 4+ 4+
11 68 27 S - - - 3+ 1+ -
12 66 84 S - - - 4+ 3+ -
13 63 2325 E - - - 3+ 4+ 4+
14 62 1974 E - 1+ - 2+ 4+ 3+
15 64 21 M - 1+ - 4+ 3+ 1+
16 61 390 E - - - 1+ 4+ 4+
17 58 366 M - - - 3+ 1+ 1+
18 61 546 E - 1+ - 1+ 4+ 3+
19 57 93 E - - - - 2+ 4+
20 57 117 E - - - 1+ 4+ 1+
21 55 1404 E - 3+ - 1+ 3+ 3+
22 54 318 E - 1+ - 3+ 4+ 3+
23 54 846 E - - - 2+ 4+ 4+
24 49 750 E - - - 2+ 4+ 3+
25 47 456 M - 1+ - - 3+ 3+
26 44 162 M - - - 3+ 2+ 1+
27 39 969 E - - - 2+ 3+ 3+
28 77 75 E - 2+ - 3+ 4+ 2+
29 64 93 M - - - 2+ 2+ 2+
30 62 30 S - - - 4+ 2+ 1+
31 61 228 E - 1+ - 2+ 4+ 4+
32 60 258 E - - - - 3+ 2+
33 48 327 E - - - 1+ 4+ 2+

HYA: hyaluronan; E: epithelial; S: sarcomatoid; M: mixed; PAS-D: periodic-acid-Schiff-diastase. For further definitions see leg-
end to table 1. -: <2% positive cells; 1+: 2–25%; 2+: 26–50%; 3+: 51–90%; 4+ >90% positive cells.



The immunohistochemical characterization of the
mesotheliomas that produced hyaluronan, using a cut-off
level of >100 mg·L-1, as compared to those that did not
is presented in table 4. Regardless of the histological sub-
type, the hyaluronan producing mesotheliomas showed
a significantly greater reactivity towards EMA (p=0.026),
a higher reactivity to CAM 5.2 (p=0.053), and a lower
reactivity to vimentin (p=0.057); the latter two not being
statistically significant. 

The average hyaluronan content was significantly high-
er in the group where >50% of the tumour cells were
EMA positive, as compared to the group with ≤50%
such cells (p=0.0027). There was also a significantly
higher hyaluronan content in cases with ≤50% of the
cells reacting to vimentin, compared to the group with
>50% of the tumour cells being reactive (p=0.0288).

Discussion

In this study of malignant mesothelioma the distrib-
ution of the histological subtypes is comparable to that
of previous studies [14–16].

There was complete absence of reactivity to the mono-
clonal antibody used against CEA. This is in accordance
with results reported by DEJMEK and HJERPE [5]. Vimen-
tin reactivity, in the present study, was similar to that
shown by other authors [3, 4, 6–9]. As described by
others [3, 4, 6–8], all cases reacted to CAM 5.2. In the
present study, the reactivities to EMA were also in accor-
dance with previous reports [6–8, 10]. 

The PAS-D staining showed weak positivity in two
epithelial mesotheliomas. Autopsy showed no other tum-
our than mesothelioma in the first of these cases. The
second case was a man with more than 30 yrs of heavy
exposure to asbestos. Fine PAS-D positive granules,
which may be seen in mesotheliomas, could explain the
weak PAS-D positivity observed [17]. 

Among the 33 cases, 23 (70%) had an elevated con-
tent of hyaluronan, i.e. >100 mg·L-1. Previous studies
by our group have also shown a similar clinical sensi-
tivity using this HPLC method [18], and many mesothe-
liomas remain hyaluranon negative. 

The capacity of the tumour cells to produce hyaluro-
nan was correlated to their ability to synthesize EMA
(p=0.026) and CAM 5.2 (p=0.053), whilst the opposite
was noted for vimentin, i.e. increased hyaluronan pro-
duction was associated with less reactivity to vimentin
(p=0.057).

Hyaluronan is synthesized at the cell membrane and
deposited in the extracellular matrix of most connective
tissues [19]. The EMA positivity in malignant mesothe-
lioma is located at the periphery of cell clusters and indi-
vidual cells [20]. The labelling by anti-EMA antibodies
was shown by VAN DER KWAST et al. [21] to occur selec-
tively on the microvilli of the malignant mesothelioma
cells. VAN DER KWAST et al. [21] also noticed that the
microvilli of reactive mesothelial cells were not labelled
at all. They, therefore, considered the EMA positivity on
malignant mesothelioma cells to be "a differentiation-
associated phenomenon", distinguishing malignant from
reactive mesothelial cells.

It may well be that the epithelial membrane antigen
reactivity and the capacity to synthesize hyaluronan both
reflect a more differentiated tissue, which may, therefore,
also differ in other biological respects. The occurrence
of epithelial membrane antigen reactivity and hyaluro-
nan production are negatively correlated to vimentin re-
activity, and this latter epitope may rather indicate a
more anaplastic tumour, with similarities to a more prim-
itive fibroblast-like mesenchyma. The hyaluronan pro-
ducing mesotheliomas, thus, have biological properties
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Fig. 3.  –  Hyaluronan concentration in pleural fluid versus reacti-
vity to epithelial membrane antigen (EMA). Tumour subtypes: epithe-
lial (■); mixed (❍); and sarcomatoid (❏). For further definitions see
legend to figure 1.

Table 3.  –  Concentration of hyaluronan in pleural fluid
samples (mean of log data, median, range, and SD of
log data)

All histological Epithelial Mixed Sarcomatoid
types

n 33 23 6 4
Mean 2.34 2.53 2.01 1.73
(of log data)
Median 231 318 128 57
Range 21–2325 42–2325 21–456 27–123
SD 0.57 0.49 0.59 0.33
(of log data)

Table 4.  –  Immunohistochemical reactivity to vimentin, CAM 5.2 and EMA versus hyaluronan (HYA) content in pleur-
al fluid above or below 100 mg·L-1

Vimentin CAM 5.2 EMA
Group 1 Group 2 Group 1 Group 2 Group 1 Group 2

HYA <100 mg·L-1 3 7 4 6 7 3
HYA >100 mg·L-1 16 7 2 21 6 17

Group 1: cases with ≤50% positive cells; Group 2: cases with >50% positive cells. For definitions see legend to table 1.



differing from those of tumours without production of
hyaluronan. It may well be that these differences also
involve other parameters, such as aggressiveness, prog-
nosis and sensitivity to various therapeutic regimens, al-
though such dependencies remain to be demonstrated.
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