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Immunohistochemistry in the diagnosis of malignant mesothelioma 
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Summary. The histological diagnosis of malignant 
mesothelioma of the pleura, especially the distinc- 
tion from peripheral adenocarcinoma of the lung, 
may be difficult. The immunohistochemical re- 
ports previously published on this subject show 
diverging results mainly because a variety of anti- 
bodies and staining techniques have been used by 
the different authors. To obtain comparable and 
reproducible results standard techniques and com- 
mercialized antibodies should be applied in routine 
pathology. In order to investigate the value of im- 
munohistochemistry for the separation of the two 
entities formalin fixed and paraffin embedded 
blocks of 47 mesotheliomas and 22 adenocarcino- 
mas were investigated with the PAP technique and 
commercially available antibodies to carcino-em- 
bryonic antigen (CEA), keratin, vimentin, epitheli- 
al membrane antigen (EMA), pregnancy specific 
antigen (SP1), S-100 protein and monoclonal anti- 
body lu-5 (mAB lu-5). CEA positivity was found 
in all 22 adenocarcinomas examined, but only 2/47 
(4%) of all mesotheliomas showed a positive result. 
SP1 was positive in 13/22 (59%) of the adenocarci- 
nomas, whereas only 3/47 (6%) mesotheliomas 
were positive for this marker. No significant differ- 
ence in the rate of positive cases in the adenocarci- 
noma and mesothelioma group could be found 
with the other above mentioned antigens. The re- 
sults of our study indicate that especially CEA, 
but also SP1 are valuable markers in the diagnosis 
of malignant mesothelioma. 
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histochemistry 

Introduction 

Many problems may arise in the morphological 
diagnosis of malignant mesothelioma of the pleura. 
In the early stage of their evolution these highly 
malignant tumours may appear well differentiated 
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and have to be distinguished from benign, reactive 
proliferations of mesothelial cells. Malignant me- 
sothelioma must also be separated from metasta- 
sizing carcinomas of any origin and from peripher- 
al adenocarcinoma of the lung, especially bron- 
chioalveolar carcinoma. Careful evaluation of the 
macroscopic appearance, study of the histological 
pattern including histochemistry and electron mi- 
croscopy may fail to reveal the true nature of the 
tumour. Recently immunohistochemistry has been 
proposed as an aid in the differentiation of 
mesothelioma from adenocarcinoma. Various anti- 
gens including carcinoembryonic antigen (CEA), 
keratin, vimentin, epithelial membrane antigen 
(EMA), pregnancy specific glycoprotein (SP0 and 
S-I00 protein have been claimed to be present in 
either mesotheliomas or adenocarcinomas, but the 
results published are contradictory. This confusing 
situation has several causes. Many reports stem 
from laboratories involved in research of immuno- 
staining and antibodies not accessible to other in- 
vestigators are used. Varying staining techniques 
(PAP versus avidin-biotin system) and incubation 
procedures (short versus long incubation) have 
been applied by different authors. Finally fixation 
and embedding procedures differ from study to 
study. It is obvious that the published reports can 
not be compared with each other and are not re- 
producible for pathologists involved in routine 
histological diagnosis. The major purpose of our 
study was to obtain reproducible results, we there- 
fore used commercially available antisera with 
standard techniques on formalin fixed, paraffin 
embedded tissue. We investigated 47 mesothelio- 
mas and 22 adenocarcinomas of the lung with anti- 
bodies to CEA, keratin, vimentin, EMA, SP1, S- 
100 protein and with an anti-epithelial monoclonal 
antibody (mAB lu-5). 

Materials and methods 

47 mesotheliomas from the Zurich pneumoconiosis research 
group registered from 1978 to 1983 as malignant pleural me- 
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sotheliomas were selected for this study. In 10 cases open biopsy 
material and in 37 other cases autopsy material was at our 
disposal. All cases met the following criteria: 1. typical gross 
appearance of mesothelioma; 2. characteristic histological pic- 
ture with epithelial (24 cases), biphasic (15 cases) or sarcoma- 
told (8 cases) pattern; 3. absence of periodic acid-Schiff-Dia- 
stase-resistant mucosubstances (Kannerstein et al. 1973); 4. ex- 
clusion of  another primary turnout. Lung dust analysis for as- 
bestos had been done in 44 cases, 41 of them were positive. 
As controls 22 adenocarcinomas of the lung from the files of 
the Institute of Pathology of the University of Zurich were 
investigated. 

In all cases formalin fixed, paraffin embedded tissue was 
available. Immunohistochemical staining with polyclonal anti- 
bodies was performed according to a modified peroxidase-anti- 
peroxidase (PAP) method of Sternberger et al. (1970) with some 
modifications. Monoclonal antibodies were detected by a dou- 
ble sandwich method. Tissue sections were incubated with cor- 
responding monoclonal antibodies for 30 min and subsequently 
with peroxidase labelled polyclonal goat antibodies to mouse 
immunoglobulins for 30 rain. In a third step peroxidase conju- 
gated swine antibodies to goat immunoglobulins were applied 
for 30 rain. Both peroxidase labelled antisera were diluted 1 : 20 
in PBS with 5% normal human serum (Tago, California USA). 
Peroxidase was detected by Graham-Karnovsky reagent. Vi- 
mentin (clone V9), EMA (clone E29) and mAb lu5 were mono- 
clonal antibodies, all other markers were investigated with poly- 
clonal antisera. Dilutions of primary antibodies were: 1:150 
for CEA, 1 : 100 for keratin, 1 : 30 for vimentin, 1 : 30 for EMA, 
1:400 for S-100 protein, 1:200 for SP~ and a :4 for mAb lu-5. 
Preincubation with 0.1% trypsin for 8 rain at room temperature 
was carried out for keratin and SP~. All other sections were 
not trypsinized prior to the incubation with the antibodies. Pos- 
itive controls were performed on adequate section of various 
tissues. For negative controls the specific serum was replaced 
by normal rabbit serum (1:200) for polyclonal antibodies. For  
negative controls of the monoclonal antibodies supernatant of 
a hybridoma line producing IgG~ kappa antibodies with speci- 
ficity for human thyroglobulin was used. All specific antisera 
were obtained from DAKO Immunoglobulin Ltd, Copenhagen, 
Denmark, except for mAB lu-5, which was kindly provided 
by C. Stfihli, Central Research Division, F. Hoffmann-La 
Roche & Co. Ltd, 4002 Basle, Switzerland. For all antibodies 
the reactivity was graded according to the proportion of reac- 
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rive cells (estimated in percentage) and the staining intensity 
(weak: + ,  moderate: + + ,  strong: + + +). 

Results 

The results of  the immunohistochemical reactions 
are summarized in Tables 1 and 2. 

Only tw0 mesotheliomas with an epithelial 
histologicai pattern gave a,positive staining result 
for CEA. The positive reaction was weak to mod- 
erate and involved about ~ 50% of the tumour cells. 
In contrast, all adenocarcinomas showed a moder- 
ate to strong reaction in 70-100% of the tumour 
tissue studied (Figs. 1 and 2). 

16/47 (34%) mesotheliomas and 5/22 (23%) 
adenocarcinomas gave a positive staining result for 
keratin. In both diagnostic groups the staining re- 
action was weak to moderate and less than 50% 
of all tumour cells stained. In the mesothelioma 
group, epithelial tumours (12/24) and the epithelial 
component of biphasic tumours (4/15) appeared 
positive, while sarcomatoid areas of biphasic me- 
sotheliomas and all purely sarcomatous mesothe- 
liomas were negative for keratin. 

20/47 (43%) mesotheliomas (8/24 epithelial, 
7/15 biphasic and 5/8 sarcomatoid) and 3/22 (14%) 
adenocarcinomas gave a positive staining result for 
vimentin. Of the 7 vimentin positive biphasic me- 
sotheliomas 3 cases gave a positive reaction in both 
the epithelial and the sarcomatous part, in 3 cases 
the sarcomatous areas alone and in one case the 
epithelial part alone gave a positive staining reac- 
tion. Both adenocarcinomas and mesotheliomas 
stained weakly to moderately for vimentin and the 
positive reaction usually involved less than 30% 
of the tumour tissue. 

Table 1. Reaction of mesotheliomas with different antibodies 

CEA Keratin Vimentin EMA mAB lu-5 SP1 S-100 

Mesotheliomas (47) 

Epithelial (24) 2/24 12/24 8/24 18/24 20/24 2/24 0/24 
Biphasic (15) 0/15 4/15 7/15 10/15 8/15 1/15 0/15 
Sarcomatoid (8) 0/ 8 0/ 8 5/ 8 0/ 8 0/15 0/ 8 0/ 8 

4% 34% 43% 60% 60% 6% 0% 

Table 2. Reaction of adenocarcinomas with different antibodies 

CEA Keratin Vimentin EMA mAB lu-5 SP1 S-100 

Adenocarcinomas (22) 22/22 5/22 3/22 22/22 14/22 13/22 0/22 

100% 23% 14% 100% 64% 59% 0% 
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Fig. 1. Adenocarcinoma staining positively for CEA ( x 131) 

Fig. 2. Biphasic malignant mesothelioma. Incubation with antiserum to CEA shows negative result ( x 120) 

Fig. 3. Adenocarcinoma staining positively for SPI (x  120) 

Fig. 4. Biphasic malignant mesothelioma. Incubation with antiserum to SP1 shows negative result ( x 120) 

Coexpression of  vimentin and keratin was 
found in one adenocarcinoma and in 6/24 epitheli- 
al mesotheliomas. 

All 22 adenocarcinomas studied and 28/47 
(60%) of the mesotheliomas (18/24 epithelial, 
10/15 biphasic) gave a positive staining result for 
EMA. In only one of  the 10 EMA-positive 
mesothetiomas with a biphasic histological pattern, 
a positive reaction was found in the spindle cell 
as well as in the epithelial areas. The other 9 cases 
were positive in the epithelial part of  the tumour 
only. In mesotheliomas the staining pattern ranged 
from a weak, but definitely positive reaction in 
a small proportion of the tumour cells to a strong 
staining of the whole tumour. All of  the 24 adeno- 
carcinomas investigated gave a strongly positive 

staining reaction involving 60-100% of the tumour 
tissue. 

14/22 (64%) of all adenocarcinomas and 28/47 
(60%) of all mesotheliomas stained positively for 
mAB lu-5. 20/24 epithelial and 8/15 biphasic me- 
sotheliomas gave a positive staining reaction, while 
all sarcomatous mesotheliomas were negative for 
mAB lu-5. Of the 8 biphasic mesotheliomas stain- 
ing positively for mAB lu-5, the epithelial part 
alone was positive in 7 cases and both epithelial 
and sarcomatous areas were positive in one case. 
In the mesothelioma and in the adenocarcinoma 
group the staining intensity varied from case to 
case ranging from weak to moderate and involving 
30-100% of the tumour tissue. 

13/22 (59%) adenocarcinomas stained positive- 
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ly for SP1. The staining reaction was usually mod- 
erate to strong and involved more than 60% of 
the tumour tissue (Fig. 3). 2/24 epithelial mesothe- 
liomas and the epithelial part of one biphasic me- 
sothelioma showed a weak and focal positivity for 
SP1, involving less than 20% of the tumour tissue. 
All sarcomatous mesotheliomas were negative for 
SP1 (Fig. 4). 

All mesotheliomas and all adenocarcinomas 
were negative for S-100 protein. In many cases pe- 
ripheral nerve fibres present in the tissue adjoining 
the tumour gave a strongly positive reaction. 

Discussion 

The histologic diagnosis of malignant mesothe- 
lioma is often difficult. Distinction of epithelial 
type mesothelioma from adenocarcinoma of the 
lung is a particular problem. The significance of 
mucin histochemistry is limited by the low sensitiv- 
ity of the technique (Kannerstein et al. 1973) and 
the occurrence of falsely negative results (Kwee 
et al. 1982; Benjamin and Ritchie 1982). 

Recently, much interest has been focussed on 
immunohistochemistry in the differentiation of ad- 
enocarcinoma of the lung and metastases of non- 
lung adenocarcinomas from mesothelioma. It has 
been stated that these tumours can be separated 
by the strongly positive immunohistochemical 
staining for CEA in adenocarcinomas and the neg- 
ative reaction for CEA in mesotheliomas (Wang 
et al. 1979; Kwee et al. 1982; Whitaker et al. 1982; 
Marshall et al. 1984; Gibbs et al. 1985; Friemann 
et al. 1986; Bolen etal. 1986). However, studies 
of Corson and Pinkus (1982), Holden and Churg 
(1984), Loosli and Hurlimann (1984), Said et al. 
(1983a), Battifora and Kopinski (1985) have 
shown a positive reaction of CEA in 15-35% of 
all mesotheliomas. Most of these CEA-positive 
mesotheliomas showed only a weak staining reac- 
tion which might in part be due to cross reactivity 
of commercial anti-CEA with nonspecific cross- 
reacting antigen (NCA) (Nap et al. 1983). In our 
study only two of the 47 mesotheliomas investi- 
gated gave a focal and weakly positive staining 
reaction for CEA. Interestingly, one of these two 
cases was positive for SP1 as well and therefore 
this tumour is probably not a mesothelioma. The 
diagnostic value of CEA staining is certainly lim- 
ited by the fact that an occasional mesothelioma 
may be CEA positive. Therefore, a positive reac- 
tion for CEA does not rule out mesothelioma as 
proposed by Kwee et al. (1982). Moreover, it seems 
important to stress that not all adenocarcinomas 
of the lung stain positively for CEA (Pascal et al. 

1977; Goldenberg etal. 1978; Whitaker etal. 
1982; Gibbs et al. 1985; Jasani et al. 1985). Never- 
theless we feel that a negative reaction for CEA 
adds considerable support to the diagnosis of me- 
sothelioma. 

There is much confusion in the literature con- 
cerning the expression of the intermediate fila- 
ments keratin and vimentin in mesotheliomas and 
adenocarcinomas of the lung. Keratin has been de- 
scribed to be present in both adenocarcinomas and 
mesotheliomas by some authors (Loosli and Hurli- 
mann 1984; Holden and Churg 1984; Kahn et al. 
1984; Bejui et al. 1984; Gibbs et al. 1985; Battifora 
and Kopinski 1985; Blobel etal. 1985; Churg 
1985), while other authors (Schlegel et al. 1980; 
Corson and Pinkus 1982; Said et al. 1983 a,b) have 
demonstrated keratin in mesotheliomas only and 
describe adenocarcinomas to be negative or only 
weakly positive for this marker. In our series 16 
out of 47 mesotheliomas (33%) and 5 out of 22 
adenocarcinomas (23%) were positive for keratin. 
We have been able to demonstrate keratin in the 
epithelial part of mesotheliomas only, whereas the 
sarcomatous areas of biphasic and all purely sarco- 
matous tumours were negative. Most authors de- 
scribe both the epithelial and the sarcomatous ar- 
eas as weakly positive for keratin (Corson and Pin- 
kus 1982; Pileri etal. 1983; Kahn etal. 1984; 
Gibbs et al. 1985; Battifora and Kopinski 1985; 
Blobel et al. 1985; Churg 1985), while in other 
studies no statements are made on this point or 
the sarcomatous areas are described as keratin neg- 
ative (Altmannsberger etal. 1982; Bejui etal. 
1984). Vimentin has been reported to be positive 
in mesotheliomas by Blobel et al. (1985), Churg 
(1985), Jasani et al. (1985) and by Bolen et al. 
(1986). In our series, 43% of all mesotheliomas 
were positive for vimentin. Similar to the results 
of Churg (1985) and Blobel et al. (1985) we found 
vimentin positivity not only in the sarcomatous 
but also in the epithelial part of the tumour and 
in agreement with the findings of Blobel et al. 
(1985), Bolen et al. (1986) and Churg (1985) vimen- 
tin and keratin were coexpressed in six of our me- 
sotheliomas. Coexpression of these two intermedi- 
ate filaments is not a feature restricted to mesothe- 
lial cells (LaRocca and Rheinwald 1984) and me- 
sotheliomas. Malignant tumours including carci- 
noma of the thyroid (Miettinen et al. 1984), renal 
cell carcinomas (Holthofer et al. 1983) and various 
carcinomas growing in body cavity effusions (Re- 
maekers et al. 1983) have been shown to coexpress 
vimentin and keratin. 

Divergent results have been published eoncern- 
ing the expression of vimentin in adenocarcinomas. 
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Churg (1985) and Blobel et al. (1985) reported ade- 
nocarcinomas to be vimentin negative, while Jasani 
et al. (1985) had 46% vimentin positive cases. In 
our study 14% of all adenocarcinomas stained pos- 
itively for vimentin. It seems important to point 
out that some of  our negative results are probably 
due to formalin fixation and (or) paraffin embed- 
ding of the tissue. In fact, Altmannsberger et al. 
(1981) have shown that formalin fixation and par- 
affin embedding may destroy or mask antigenic 
determinants. Interestingly, in one of our vimentin- 
negative adenocarcinomas and in six vimentin-neg- 
ative mesotheliomas vascular smooth muscle cells, 
endothelial cells and fibroblasts also remained un- 
stained, clearly indicating the considerable varia- 
tion in the preservation of vimentin in formalin 
fixed material. A second problem is caused by the 
fact that different types of antisera have been used 
by different authors and the results of  the studies 
can therefore not be compared. This is demon- 
strated by the fact that all three authors who de- 
scribed adenocarcinomas to be negative or only 
weakly positive for keratin used the same antibody 
(Schlegel etal .  1980; Corson and Pinkus 1982; 
Said et al. 1983a). The antibody used in our study 
is a polyclonal antiserum reacting with all epider- 
mal layers and a wide spectrum of other epithelial 
cells. Based on our results, we feel that keratin 
and vimentin cannot be used for the discrimination 
of adenocarcinomas and mesotheliomas when 
commercially available antibodies are applied to 
formalin fixed and paraffin embedded tissue. Pre- 
vious studies with monoclonal antibodies applied 
to frozen tissue have shown that adenocarcinomas 
and mesotheliomas can be distinguished from 
squamous cell carcinomas based on their charac- 
teristic keratin components (Moll et al. 1982; De- 
bus et al. 1982). However, so far no cytokeratin 
antibody exists, which can distinguish adenocarci- 
noma cells from mesothelial cells (Lang et al. 
1986). 

Epithelial membrane antigen (EMA), an anti- 
serum raised against human milk fat globule mem- 
branes, has been shown to stain a variety of normal 
and neoplastic human tissues (Sloane and Or- 
merod 1981). Adenocarcinomas of the lung have 
been described to be positive for this marker by 
several authors (Sloane and Ormerod 1981; Loosli 
and Hurlimann 1984; Marshall et al. 1984; Batti- 
fora and Kopinski 1985). Diverging results have 
been published concerning the expression of EMA 
in mesotheliomas. Ernst and Brooks (1981), Sloane 
and Ormerod (1981), Loosli and Hurlimann (1984) 
and Marshall et al. (1984) have demonstrated the 
presence of EMA in epithelial, biphasic and sarco- 

matous mesotheliomas. In contrast, all of  the 12 
mesotheliomas investigated by Battifora and Ko- 
pinski (1985) turned out to be negative for EMA. 
The authors conclude that EMA is a valuable 
marker for the distinction of  adenocarcinomas and 
mesotheliomas. Battifora and Kopinski (1985) 
have used the avidin-biotin complex method, 
whereas all of  the other above mentioned investiga- 
tors have used the immunoperoxidase technique. 
Therefore, the negative results of  Battifora and 
Kopinski (1985) are probably the result of  the dif- 
ferent technique applied. In our series 28 out of  
47 mesotheliomas (60%) and all adenocarcinomas 
investigated stained positively for EMA. In agree- 
ment with the findings of  Ernst and Brooks (1981) 
and Marshall et al. (1984) one of our biphasic cases 
appeared positive not only in the epithelial, but 
also in the sarcomatous areas. Due to the high 
proportion of positive cases in both the adenocar- 
cinoma and the mesothelioma group, EMA seems 
to be of no value for the distinction of these two 
diagnostic entities. 

mAb lu-5 was positive in 60% of all mesothe- 
liomas and in 64% of all carcinomas and therefore 
does not permit a separation of the two entities 
either. In tissue sections of  14 adenocarcinomas 
bronchial mucosa was present, representing a posi- 
tive control for mAb lu-5. The epithelium reacted 
positively in 8 cases and was negative in 6 cases. 
Of these 6 cases the adenocarcinoma was positive 
once, in the other 5 cases the tumour was negative 
as well. In these 5 cases the tissue has probably 
lost its antigenicity due to inadequate fixation. This 
may explain the lower percentage of  positive ade- 
nocarcinomas in our series compared to the series 
of yon Overbeck et al. (1985). 

SP1 pregnancy specific glycoprotein, one of  the 
so called trophoblast specific pregnancy proteins, 
has been shown to be positive in 85% of  all adeno- 
carcinomas (Gibbs et al. 1985), while mesothelio- 
mas are reported to be negative for this marker. 
In our series, three mesotheliomas (6%) and 13 
(59%) adenocarcinomas gave a positive staining 
result. The relatively low rate of positive cases in 
the adenocarcinoma group indicates that SP1 
should only be used in combination with CEA for 
the differential diagnosis of  mesothelioma and ade- 
nocarcinoma. 

In our series application of  S-100-protein was 
not useful for the distinction of mesothelioma and 
adenocarcinoma, in contrast to the findings of 
Rasmussen and Larson (1985). Our study indicates 
that especially CEA, but also SP1 are helpful for 
the distinction of mesothelioma and adenocarcino- 
ma. A positive reaction for either of  these two 
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markers is a strong evidence against the diagnosis 
of mesothelioma, whereas a negative result in com- 
bination with a typical histology and mucin histo- 
chemistry strongly supports the diagnosis of me- 
sothelioma. 

References 

Altmannsberger M, Osborn M, Schauer A, Weber K (1981) 
Antibodies to different intermediate filament proteins. Cell 
type-specific markers on paraffin-embedded human tissues. 
Lab Invest 45 : 427-434 

Altmannsberger M, Osborn M, Weber K, Schauer A (1982) 
Expression of intermediate filaments in different human epi- 
thelial and mesenchymal tumors. Pathol Res Pract 
174: 227-237 

Battifora H, Kopinski M (1985) Distinction of mesothelioma 
from adenocarcinoma. An immunohistochemical approach. 
Cancer 55:1679-1685 

Bejui-Thivolet FB, Patricot LM, Vauzelle JL (1984) Keratins 
in malignant mesotheliomas and pleural adenocarcinomas: 
comparative immunohistochemical analysis with polyclonal 
and monoclonal antibodies. Pathol Res Pract 179:67-73 

Benjamin CJ, Ritchie AC (1982) Histological staining for the 
diagnosis of mesothelioma. Am J Med Technol 48 : 905-908 

Blobel GA, Moll R, Franke WW, Kayser KW, Gould VE 
(1985) The intermediate filament cytosceleton of malignant 
mesotheliomas and its diagnostic significance. Am J Pathol 
121:235 247 

Bolen JW, Hammar SP, McNutt MA (1986) Reactive and neo- 
plastic serosal tissue. A light-microscopic, ultrastructural 
and immunocytochemical study. Am J Surg Pathol 
10 : 34-47 

Churg A (1985) Immunohistoehemical staining for vimentin 
and keratin in malignant mesothelioma. Am J Surg Pathol 
9 : 360-365 

Corson JM, Pinkus GS (1982) Mesothelioma: profile of keratin 
proteins and carcinoembryonic antigen. An immunoperoxi- 
dase study of 20 cases and comparison with pulmonary ade- 
nocarcinomas. Am J Pathol 108:80-87 

Debus E, Weber K, Osborn M (1982) Monoclonal cytokeratin 
antibodies that distinguish simple from stratified squamous 
epithelia: characterization on human tissue. Eur Molec Biol 
Org J 1:1641-1647 

Ernst CS, Brooks JJ (1981) Immunoperoxidase localization of 
secretory component in reactive mesothelium and mesothe- 
liomas. J Histochem Cytochem 29:1102-1104 

Friemann J, Otto H, Miiller KM (1986) Immunhistochemische 
Befunde zur Differentialdiagnose primfirer und sekund/irer 
Pleuratumoren. Verh Dtsch Ges Pathol 70:311-316 

Gibbs AR, Harach R, Wagner JC, Jasani B (1985) Comparison 
of tumor markers in malignant mesothelioma and pulmo- 
nary adenocarcinoma. Thorax 40:91-95 

Goldenberg DM, Sharkey RM, Primus FJ (1978) Immunohis- 
tochemical detection of carcinoembryonic antigen in con- 
ventional histopathology specimens. Cancer 42:1546-1553 

Holden J, Churg A (1984) Immunohistochemical staining for 
keratin and carcinoembryonic antigen in the diagnosis of 
malignant mesothelioma. Am J Surg Pathol 8 : 277-279 

Holthofer H, Miettinen A, Paasivuo R, Letho VP, Linder E, 
Alfthan O, Virtanen I (1983) Cellular origin and differentia- 
tion of renal carcinomas. A fluorescence microscopic study 
with kidney-specific antibodies, antiintermediate filament 
anti-bodies, and lectins. Lab Invest 49:317-325 

Jasani B, Edwards RE, Norman DT, Gibbs AR (1985) The 

use of vimentin antibodies in the diagnosis of malignant 
mesothelioma. Virchows Arch (Pathol Anat) 406:441-448 

Kahn HJ, Huang S, Hanna WM, Baumal R, Phillips MJ (1984) 
Immunohistochemical localization of epidermal and mal- 
lory body cytokeratin in undifferentiated epithelial tumors. 
Comparison with ultrastructural features. Am J Clin Pathol 
81 : 184~191 

Kannerstein M, Churg J, Magnet D (1973) Histochemistry in 
the diagnosis of malignant mesothelioma. Ann Clin Lab 
Sci 3 : 207-211 

Kwee WS, Veldhuizen RW, Golding R, Mullink H, Stare J, 
Donner R, Boon ME (1982) Histologic distinction between 
mesothelioma, benign pleural lesions and carcinoma metas- 
tasis. Evaluation of the application of morphometry com- 
bined with histochemistry and immunostaining. Virchows 
Arch (Pathol Anat) 397:287-299 

Lang AB, Odermatt BF, Riittner JR (1986) Monoclonal anti- 
bodies to human cytokeratins: Application to various epi- 
thelial and mesothelial cells. Expl Cell Biol 54:61-72 

LaRocca P J, Rheinwald JG (1984) Coexpression of simple epi- 
thelial keratins and vimentin by human mesothelium and 
mesothelioma in vivo and in culture. Cancer Res 
44:2991-2999 

Loosli H, Hurlimann J (1984) Immunohistochemical study of 
malignant diffuse mesotheliomas of the pleura. Histopa- 
thology 8 : 793-803 

Marshall RJ, Herbert A, Braye SG, Jones DB (1984) Use of 
antibodies to carcinoembryonic antigen and human milk 
fat globule to distinguish carcinoma, mesothelioma, and 
reactive mesothelium. J Clin Pathol 37:1215 1221 

Miettinen M, Franssila K, Letho VP, Paasivuo R, Virtanen 
I (1984) Expression of intermediate filament proteins in thy- 
roid gland and thyroid tumors. Lab Invest 50:262-269 

Moll R, Franke WW, Schiller DL, Geiger B, Krepler R (1982) 
The catalog of human cytokeratins: patterns of expression 
in normal epithelia, tumors and cultured cells. Cell 31 : 11-24 

Nap M, ten Hoot KA, Fleuren GJ (1983) Cross reactivity with 
normal antigens in commercial anti-CEA sera used for im- 
munohistology: The need for tissue control and absorp- 
tions. Am J Clin Pathol 79:25-31 

von Overbeck J, Stfihli C, Gudat F, Carmann H, Lauten- 
schlager C, Dfirrmiiller U, Takacs B, Miggiano V, Staehelin 
Th, Heitz PhU (1985) Immunohistochemical characteriza- 
tion of an antiepithelial monoclonal antibody (mAB lu-5). 
Virchows Arch (Pathol Anat) 407:1-12 

Pascal RP, Mesa-Tejada R, Bennett SJ, Garces A, Fenoglio 
CM (1977) Carcinoembryonic antigen. Immunohistologic 
identification in invasive and intraepithelial carcinomas of 
the lung. Arch Pathol Lab Med 101:568-571 

Pileri S, Rivano MT, Mancini AM (1983) Immunohistochemi- 
cal characterization of mesotheliomas. Appl Pathol 
1 : 348-350 

Ramaekers FCS, Haag D, Kant A, Moesker O, Jap PHK, 
Voojis GP (1983) Coexpression of keratin- and vimentin- 
type intermediate filaments in human metastatic carcinoma 
cells. Proc Natl Acad Sci USA 80:2618-2622 

Rasmussen OO, Larsen KE (1985) S-100 protein in malignant 
mesotheliomas. Acta Path Microbiol Immunol Scand Sect 
A: 93:199-201 

Said JW, Nash G, Tepper G, Banks-Sehlegel S (1983a) Keratin 
proteins and carcinoembryonic antigen in lung carcinoma: 
an immunoperoxidase study of fifty-four cases, with ultra- 
structural correlations. Hum Pathol 14:70-76 

Said JW, Nash G, Banks-Schlegel S, Sassoon AF, Murakami 
SD, Shintaku IP (1983b) Keratin in human lung tumors. 
Patterns of localization of different molecular weight keratin 
proteins. Am J Pathol 113:27-32 



M. Pfaltz et al. : Immunohistochemistry in the diagnosis of malignant mesothelioma 393 

Schlegel R, Banks-Schlegel S, McLeod JA, Pinkus GS (1980) ' 
Immunoperoxidase localization of keratin in human neo- 
plasms. A preliminary study. Am J Pathol 101:41-50 

Sloane JP, Ormerod MG (1981) Distribution of epithelial mem- 
brane antigen in normal and neoplastic tissues and its value 
in diagnostic tumor pathology. Cancer 47:1786-1795 

Sternberger LA, Hardy PH, Cuculis J J, Meyer HG (1970) The 
unlabeled antibody enzyme method of immunohistochemis- 
try: Preparation and properties of soluble antigen-antibody 
complex (horseradish peroxidase - antihorseradish peroxi- 
dase) and its use in identification of spirochetes. J Histo- 
chem Cytochem 18 : 315--333 

Wang N, Huang S, Gold P (1979) Absence of carcinoembryonic 
antigen-like material in mesothelioma. An immunohisto- 
chemical differentiation from other lung cancers. Cancer 
44:93%943 

Whittaker D, Sterrett GF, Shilkin KB (1982) Detection of tissue 
CEA-like substance as an aid in the differential diagnosis 
of malignant mesothelioma. Pathology 14:255-258 

Accepted May 11, 1987 


