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OBJECTIVE: To analyze the role of immunochemistry in
serous effusions.
STUDY DESIGN: We analyzed cell blocks of 18 pleural
and 18 peritoneal effusions
diagnosed as malignant (18),
benign (14) and suspicious
(4). They were immuno-
stained by the avidin-biotin
complex method with a panel
of four monoclonal antibod-
ies—CEA, Ber-EP4, LeuM1
(CD15) and p53—and, for
lectins (Ulex europaeus)
UEA-l, ConA and ConBr.
RESULTS: Seventeen of the
18 cases of adenocarcinoma were positive for CEA
(95%), 12 (66.6%) for Ber-EP4, 11 (61%) for CD15 and
11 (61%) for p53. Twelve of the 18 (66.6%) were positive
for UEA-1, CEA, Ber-EP4 and CD15. UEA-1 did not
react with mesothelial cells. p53 Gave a positive reaction
in only one case, reactive mesothelial cells. ConA and
ConBr reacted indiscriminately with benign and malig-
nant cells; thus, it was not useful in distinguishing be-
tween these cells.
CONCLUSION: In this context no antibody used alone

is reliable for corroborating a diagnosis, but the selective
use of a small panel of three markers (CEA, Ber-EP4 and
LeuM1) can be very useful in solving diagnostic difficul-

ties in the cytodiagnosis of
serous effusions. (Acta
Cytol 2001;45:18–22)
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A major difficulty in the
cytologic examination of
serous effusions, and a

challenge to the diagnostic skills of the cytopathol-
ogist, is distinguishing between reactive (hyper-
trophic and hyperplastic) mesothelial cells and ade-
nocarcinoma cells.4,41

In most cases the diagnosis is based on routine
cytologic techniques,16 the sensitivity of which
varies between 50% and 78%.26,44,52 However, in
about 15% of cases more sophisticated techniques,
especially immunocytochemistry, may be 
necessary to improve diagnostic preci-

Immunocytochemistry with a small
panel of monoclonal antibodies, such

as CEA, Ber-EP4 and LeuM1, can
give significant help in the

interpretation of serous effusions in
day-to-day work....
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patients who had a history of neoplasms: adenocar-
cinomas of lung, stomach and skin.

Cell block sections were placed on slides covered
with saline, deparaffinized in xylene and dehydrat-

ed in ethanol. Before incubation with the primary
antibodies and lectins, the sections underwent
treatment with trypsin or microwaves in citrate-
buffered solution, 0.01 M, pH 6.0, with the aim of
antigen recovery. After overnight incubation with
primary antibodies/lectin (anti-CEA rabbit anti-
serum [Ortho Diagnostic Systems, Carpinteria, Cal-
ifornia, U.S.A.], 1 :800; epithelial antigen, mouse
Ber-EP4, M08D4 [Dako, Glostrup, Denmark], 1 :100;
mouse granulocyte-associated antigen MO733
[Dako], 1 :100; p53 protein M701 [Dako], 1 :50; UEA-
1 agglutinin I, L1060 [Vector Laboratories,
Burlingame, California, U.S.A.], 1 :800; Canavalia en-
siformis (CE), 1 :100; ConBr, 1 :100), the sections re-
acted with secondary antibodies for 60 minutes.
The antigen-antibody complex and lectins were 
localized using the ABC-diaminobenzidine-
peroxidase method. The smears were cross-stained
with hematoxylin or methyl-green and subsequent-
ly analyzed by two observers (C.Q. and C.E.B.) ac-
cording to the reactivity model for each marker and
were classified as positive or negative. The statisti-
cal calculation of sensitivity and specificity used the
cytologic diagnosis from cell blocks as the standard.

Results

The CEA reaction was positive in 17 of the 18 ade-
nocarcinomas and in 1 cytologically suspicious
specimen, with the positivity cytoplasmic. CEA
was not detected in mesothelial cells, but there was
a positive reaction in the accompanying polymor-
phonuclear leukocytes due to the nonspecific reac-
tion of the cytoplasmic granules.

The Ber-EP4 reaction was positive in 12 cases of
adenocarcinoma, with the positivity (usually in-
tense) predominantly in the cell membranes.
Mesothelial cells gave a negative reaction.

The CD15 (LeuM1) reaction was positive in 11
cases of adenocarcinoma and was not positive in
any benign case. Immunostaining for CD15 was

sion,6,10,12,14,15,19,20,22,23,27,38,40,44,50 and for this pur-
pose various antibody panels have been pro-
posed.11,13,28,34,49,51

In our study we made up a panel with some
markers the sensitivity and specificity of which had
already been tested, including antibodies against
antigens CEA, Ber-EP4, LeuM1 and p53 and lectins
Ulex europaeus (UEA-1) and Concanavalin A
(ConA). CEA has been extensively evaluated for its
usefulness in distinguishing mesothelial cells from
adenocarcinoma cells.13,38,40

Ber-EP4 is a monoclonal antibody that identifies
34- and 39-kd cell surface glycoproteins present in
epithelial cells but not in mesothelial cells.33 Leu M1
(CD15) reactivity has been identified in a variety of
carcinomas, particularly lung cancer, while reactive
mesothelial cells are negative.13,50 Mutated forms of
p53 accumulate in the nucleus, where they are more
readily detectable by immunohistochemistry.7 It
may be useful in distinguishing benign from malig-
nant cells in pleural effusion.52 UEA-1 may help in
distinguishing reactive mesothelial cells from ade-
nocarcinoma cells in effusions.45,48 ConA is a pro-
tein isolated from the jack bean. The distribution of
this lectin’s binding sites on unfixed cells in effu-
sions can help to distinguish cancer cells from
mesothelial cells.36 Canavalia brasiliensis (ConBr)
had not been used before for this purpose.

Materials and Methods

Thirty-six specimens, 18 pleural and 18 ascitic flu-
ids, were selected. The available material consisted
of smears stained by the Papanicolaou method and
cell blocks stained with hematoxylin and eosin, to-
gether with the clinical records, histopathology re-
ports (if any) and follow-up information.

On cytology we identified 18 adenocarcinomas,
14 benign cases and 4 cases suspicious for adeno-
carcinoma. The 36 specimens were tested against
the panel of monoclonal antibodies and lectins list-
ed above. We used the avidin-biotin complex (ABC)
immunocytochemical method.

Of the 18 cases positive for adenocarcinoma, 15
were from women and 3 from men; their average
age was 63.6 years. Ten metastatic adenocarcino-
mas of known primary origin were diagnosed by
examination of pleural fluid: 5 pulmonary, 3 mam-
mary, 1 ovarian and 1 of unknown origin. The other
eight neoplasms, all adenocarcinomas of known
primary origin, were identified in peritoneal fluid:
four ovarian, one mammary and one colonic. Of the
four specimens reported as suspicious, 3 were from
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UEA-1 can be useful in distingushing
adenocarcinoma cells from reactive

mesothelial cells.
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toneal mesotheliomas were positive for Ber-EP4, it
was not clear if they were peritoneal or pleural tu-
mors.17

Of our four cytologically suspicious cases stained
for p53, three were positive. Follow-up of these pa-
tients showed that three had histologic or clinical
evidence of cancer. These results suggest that the
reaction for p53 is a good pointer to malignancy, in-
dicating, perhaps, that in these cases the reactive
cells have undergone malignant change but that
they have not yet acquired the phenotypic changes
detectable by conventional cytologic techniques.
The reaction for p53 was positive in one of 14 cases
reported cytologically as benign, in a 6-year-old girl
with a diagnosis of acute hepatitis. Reactivity with
p53 in benign cells has been reported.11

According to the literature, ConA is not a useful
marker for distinguishing between mesothelial and
adenocarcinoma cells.5,9,45,49 ConBr showed identi-
cal immunocytochemical behavior. Despite the fact
that these lectins belong to the same genus and have
a high level of homology (80%/90%) in relation to
their primary structures, they have shown differ-
ences in biologic behavior.3,21 These differences can
be explained by the different sites of affinity be-
tween the lectins and receptors that trigger biologic
effects, but they are not enough to show a distinct
immunocytochemical reaction.18,39

In considering a combination of antibodies con-
taining at least one positive marker sensitive for
adenocarcinoma, both CEA/CD15 and Ber-
EP4/CD15 had 100% sensitivity. A positive reac-
tion for CEA and/or CD15 has been shown to be the
best immunocytochemical combination for adeno-
carcinoma, and a negative reaction for both would
be the best indicator of mesothelioma.24

A panel made up of CEA, Ber-EP4 and LeuM1 is
highly sensitive and extremely specific in detecting
adenocarcinoma cells in cell blocks from serous ef-
fusions, resulting in a more accurate diagnosis. The
failure of cytologically positive cases to react with
one or more of these markers (one case for CEA, six
for Ber-EP4 and seven for LeuM1) was probably
due more to the absence of expression of the de-
tectable molecules by these antibodies rather than
to genetic abnormalities occurring in clones of met-
astatic cells.13 Perhaps some sort of masking of the
epitopes during fixation and processing could have
reduced the immunoreactivity. We cannot exclude,
however, the true absence of these antigens in ade-
nocarcimona cells that did not express these mark-
ers.

predominantly in the cell membranes of carcinoma
cells.

p53 Was positive in 15 of the 36 cases examined.
It was positive in 11 cases of adenocarcinoma, 1
negative specimen and 3 cytologically suspicious
specimens. The immunostaining was nuclear.
Mesothelial cells gave a negative reaction.

The UEA-1 reaction was positive in 12 of the 18
cases of adenocarcinoma. The carcinoma cells that
reacted positively showed a cytoplasmic staining
reaction. The staining for UEA-1 was negative in all
benign cases. The ConA reaction (cytoplasmic) was
positive in all cases, in both benign and malignant
cells, with 100% sensitivity and 0% specificity. The
ConBr reaction (cytoplasmic) was positive in all
cases, in both benign and malignant cells, with
100% sensitivity and 0% specificity.

Discussion

Distinguishing reactive mesothelial cells from ade-
nocarcinoma cells in serous fluid is a common 
problem. Despite the absence of a specific, reliable
marker for mesothelial cells, the detection of glyco-
protein epitopes Ber-Ep4 and LeuM1 has been
shown to offer valuable support to conventional di-
agnostic techniques.11,13,28,33,51

Detection of CEA in cells seems to definitively ex-
clude a mesothelial origin.1,8,10,25,26,34,37,43,46,47,51 In
our specimens CEA was positive in 1 of 4 cases re-
ported as suspicious and negative in 1 case of ovar-
ian cystadenocarcinoma (the only case among the
18 cases of adenocarcinoma that was negative for
this marker), which agrees with previous stud-
ies.1,20 This case was also negative for Ber-EP4,
CD15, p53 protein and UEA-1. In 10 cases of serous
adenocarcinoma of the ovaries, Khoury et al, after
finding that only three reacted with LeuM1 and
B72.3 and 40% stained for CEA, concluded that im-
munonegative results must be interpreted with
much caution, especially in serous tumors.31

Sheibani et al47 analyzed > 500 diffuse malignant
mesotheliomas of epithelial type that were well
characterized clinically and morphologically with
various monoclonal and polyclonal antibodies reac-
tive against oncofetal antigens, intermediate fila-
ments, lectins and mucoid material. They found
that LeuM1, CEA and Ber-EP4 were the most useful
reactors for distinguishing between mesotheliomas
and adenocarcinomas.35 Hartman concluded that
expression of CEA and LeuM1 by tumor cells 
virtually excludes mesothelioma.28 In the cases
studied by Gaffey, where 10 of 49 pleural and peri-

20 Acta CytologicaQueiroz et al

D
o
w

n
lo

a
d
e
d
 b

y
: 

K
in

g
's

 C
o
lle

g
e
 L

o
n
d
o
n

1
3
7
.7

3
.1

4
4
.1

3
8
 -

 1
0
/2

/2
0
1
8
 3

:1
2
:5

4
 P

M



4. Bedrossian CWM: Workshop on Cytopathology of serous ef-
fusion: Differential diagnosis by multimodal approach. An-
nual Scientific Meeting of the American Society of Cy-
topathology, New York, November 7–12, 1995

5. Ben-Cheng F, Zhen-de X, Jing-Hui H: Location of lectin Ulex
receptors in histological diagnosis of nasopharyngeal pre-
cancerous lesion. Chin Med J 1992;105:494–499

6. Carrillo R, Sneige N, El-Naggar AK: Interphase nucleolar or-
ganizer regions in the evaluation of serosal cavity effusions.
Acta Cytol 1994;38:367–372

7. Chang F, Syrjanen S, Kurvinen K, Syrjanen K: The p53 sup-
pressor gene as a common cellular target in human carcino-
genesis. Am J Gastroenterol 1993;88:174–181

8. Cibas ES, Corson JM, Pinkus GS: The distinction of adeno-
carcinoma from malignant mesothelioma in cell blocks of ef-
fusions. Hum Pathol 1987;18:67–74

9. Drachenberg CB, Papadimitriou JC: Aberrant pattern of
lectin binding in low and high grade prostatic intraepithelial
neoplasia. Cancer 1995;75:2539–2544

10. Duggan MA, Marsters CB, Alexander F: Immunohistochem-
ical differentiation of malignant mesothelioma, mesothelial
hyperplasia and metastatic adenocarcinoma in serous effu-
sions utilizing staining for carcinoembrionic antigen, ker-
atins and vimentin. Acta Cytol 1987;31:807–814

11. El-Habashi A, El-Marsi B, Fueman S, El-Didi M, Marrogi AJ:
Tumor oncogenic expression in malignant effusions as a pos-
sible method to enhance cytologic diagnostic sensitivity. Am
J Clin Pathol 1995;103:206–214

12. Epenetos DA, Canti G, Taylor-Papadimitriou J, Curling M,
Bodmer WF: Antibodies for diagnosis of malignancy in
serous effusions. Lancet 1982;2:1004–1006

13. Esteban JM, Yokota S, Nusain S, Battifora H: Immunocyto-
chemical profile of benign and carcinomatous effusions: A
practical approach to difficult diagnosis. Am J Clin Pathol
1990;94:698–705

14. Finn C, Ward K, Luesley DM, Dunn JÁ, Redman CWE: Qual-
itative and quantitative analysis of peritoneal fluids from
women with gynecologic diseases: Comparison of cytology
and flow cytometry for the detection of malignancy in lavage
and ascitic fluid. Analyt Quant Cytol Histol 1991;13:182–186

15. Fisher DF, Wongbunnate S, Johnston DA, Katz RL: DNA
content by image analysis: An accurate discriminator of ma-
lignancy in pericardial effusions. Analyt Quant Cytol Histol
1994;16:167–173

16. Flynn MK, Johnston WW, Bigner S: Carcinoma of ovarian
and other origins in effusions. Acta Cytol 1993;37:439–447

17. Gaffey MJ, Mills SE, Swanson PE, Zarbo RJ, Shah A, Wick
MR: Immunoreactivity for Ber-Ep4 in adenocarcinomas,
adenomatoid tumors and malignant mesotheliomas. Am J
Surg Pathol 1992;16:593–599

18. Gallagher JT: Carbohydrate-binding properties of lectins: A
possible approach to lectin nomenclature and classification.
Biosci Rep 1984;4:621–632

19. Gavin F, Gray C, Sutton J, Clayden AD, Banks RI, Bird CC:
Morphometric differences between cytologically benign and
malignant serous effusions. Acta Cytol 1988;32:175–182

20. Goldblum J, Hart WN: Localized and diffuse mesotheliomas

Immunoreactivity for p53 can aid in detecting
neoplastic cells and is a strong indicator of malig-
nancy even in cytologically benign cases.7,29,30,32

UEA-1 can be useful in distinguishing adenocar-
cinoma cells2 from reactive mesothelial cells.

The lectins ConA and ConBr did not show any
specificity and were not capable of distinguishing
neoplastic populations from reactive mesothelial
cells. However, the use of ConBr in immunocyto-
chemistry opens up an avenue of research, in the
sense of trying to find other Brazilian lectins that
could be used in characterizing tumors.

Conclusion

Distinguishing reactive mesothelial cells from ade-
nocarcinoma cells is a common problem in the cy-
todiagnosis of serous fluids. Despite the current ab-
sence of a specific and reliable marker for
mesothelial cells, the detection of glycoprotein epi-
topes, including CEA and those recognized by Ber-
EP4 and LeuM1 antibodies, has been shown to offer
valuable support to conventional diagnostic tech-
niques.

Immunocytochemistry with a small panel of
monoclonal antibodies, such as CEA, Ber-EP4 and
LeuM1, can give significant help in the interpreta-
tion of serous effusions in day-to-day work, in-
creasing diagnostic accuracy and being easy and
economical to perform.

Our results indicate that UEA-1 can be useful in
distinguishing adenocarcinoma cells from reactive
mesothelial cells. The lectins ConA and ConBr did
not show any specificity and were not capable of
distinguishing neoplastic populations from reactive
mesothelial cells.
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