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Summary :

Immunoreactivity with monoclonal antibodies against epithelial membrane antigen,

vimentin, keratin-squamous epithelium, keratin-nonsquamous epithelium and with

polyclonal antibodies against keratin, involucrin, 5-100 protein, desmin and x-1 antitrypsin

was done in 30 pleural and peritoneal effusion fluids; 15 each of benign and malignant origin

using the avidin-biotin-peroxidase complex (ABC) technique to differentiate between the

mesothelial cells and the adenocarcinoma cells. In the present study we have demonstrated
that desmin and 5-100 protein are distributed in the cancer cells and the mesothelial cells of

the effusion fluids. Neither EMAnor keratin has the specific reactive pattern which could lead

to the differentiation of the mesothelial cells from the cancer cells, but vimentin and keratin

could be used for the diagnosis of the mesothelial cells since they had maximum reactivities

compared to the cancer cells.

Introduction :

One of the major problems in the cytological analysis of the pleural and the peritoneal
effusions is to differentiate between the mesothelial cells and the carcinoma cells'. Cytologic
investigation of malignant pleural effusions has a positive yield of only 50% in all malignant
cases if conventional preparation and staining techniques are applied2. To solve these
problems several experiments have been carried out on cytological smears using antisera
against keratin, vimentin, epithelial membrane antigen (EMA), and carcinoembryonic
antigen3.4.s.It is stated that keratin reactive pattern although positive for both the mesothelial
and the adenocarcinoma cells, differ from each other. Duggan3also found keratin reactivity
in both the mesothelial and the adenocarcinoma cells but they concluded that the
nonreactivity of adenocarcinoma for vimentin was the only diagnostic criterion. Guzman4
again emphasized on the adenocarcinoma and the mesothelial cells. Controversy still exists
on the exact criteria forthe definite diagnosisof the mesothelial cells andthe adenocarcinoma
cells by immunoperoxidase methods on cytological smears.

Considering the foregoing discrepancies the present experiment was designed
using a panel of monoclonal and polyclonal antibodies to find out the exact criteria for the
distinction between the reactive mesothelial and the metastatic adenocarcinoma cells in

the pleural and the peritoneal effusions as compared with the conventional cytological
staining procedures.
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Materials and Methods :
Collection of materials:

The materials used for this experiment consisted of 30 samples of pleural and
peritoneal effusions, 15each of them were benign and malignant from the patients admitted
into the Okayama Saiseikai General Hospital, Japan.

Preparation of smears:

The smearswere preparedas described by T06.Briefly, materialswere first centrifuged
at 300g for 5 minutes. After removal of the supernatant, deposits were resuspended in 10 ml
of phosphate buffer saline (PBS pH 7.2) and recentrifuged.This was repeated once and the
supernatant discarded. Then the smear was prepared by placing a drop of the same on a
grease-free slide and fixed in 95% alcohol for 10 minutes and processed for Papanicolaou
and immunohistochemical staining.

Antibodies and reagents:

A battery of monoclonal antibodies (MoAbs) against EMA, vimentin, keratin-
squamous epithelium (K-SE) and keratin-nonsquamous epithelium (K-NSE) and
polyclonal antibodies against desmin, S-100 protein, involucrin, keratin and oc-1antitrypsin
(oc-1-AT)were used in this experiment. Anti-EMA, Anti-vimentin, anti-desmin, anti-keratin,
anti-S-100 protein and anti-oc-1-antitrypsinwere purchased from Dakopatts (California,
USA). Anti-K-SE and anti-K-NSE were purchased from Immunon Incorporated (Troy
Michigan, USA), and anti-involucrin was from Biomedical Technologies Inc (Stoughton,
MA). Biotinylated goat anti-mouse IgG and peroxidase conjugated streptavidin were
purchased from Bio Genex Laboratories (California, USA), diaminobenzidine tetrachloride
(DAB) was from Dojin (Tokyo, Japan), and trypsin was from Difco Laboratories (Detroit
Michigan, USA).

Staining procedures:

Immunoperoxidase staining was carried out utilizing avidin-biotin-peroxidase
complex (ABC) technique as followed by Hsu7. Briefly, blocking of the endogenous

peroxidase activity with methanol/Hp2 was done followed by trypsin digestion. Primary
antibodies were applied to the smears and kept for 1 hour in a moist chamber at room
temperature. Biotinylated goat anti-mouse IgG followed by peroxidase conjugated
streptavidin was applied and each incubated for 30 minutes under the same conditions.
The smears were washed three times with PBS in each successive steps. Then the colour

was developed in DAB solution containing HP2 for 5-10 minutes and finally
counterstained with methyl green/Mayer's hematoxylin and control slides were prepared by
omitting the primary antibodies.
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Results :

Malignant effusions were highly cellular and admixed with very few reactive
mesothelial and inflammatory cells. All benign effusions contained abundant reactive
mesothelial cells mixed with inflammatory cells and red blood cells. The reactivities of
the immunoperoxidase staining were judge independently without knowing the results of
Papanicolaou stain. Later, slides were compared with the Papanicolaou stain_Macrophage
could easily be diagnosed by the foamy cytoplasm containing phagocytosed particles.
Macrophage, lymphocyte and other blood cells were nonreactive for all antibodies except
for vimentin. Red blood cells were also reactive with vimentin. These positive cells did not
interfere with the evaluation of the results. Homogenous or granular brown coloured
pigments within the cytoplasm or on the surface of the cell membrane was considered to be

a true positive and a weak staining compared to the background staining was taken as
negative. Only the viable cells were considered because the nonviable cells showed
nonspecific reactivity. Out of 15 malignant effusions, 3 were from adenocarcinoma of the
ovary, 10 from adenocarcinoma of the lung and 2 from adenocarcinoma of the colon. The
immunoreactivities of reactive mesothelial cells in malignant effusions were excluded
from the evaluation. Results of immunohistochemicpl reactions is summarized in Table-1.

EMA reactivity was more in the cancer cells compared with reactive mesothelial cells and

on the contrary vimentin was more reactive in the mesothelial cells. Among the
cytokeratins, Keratin showed the maximum reactivity with the mesothelial cells and
involucrin did not react at all with the cancer cells. Whereas, few mesothelial cells were
reactive. Desmin and 8-100 protein were reactive with both the mesothelial cells and the
cancer cells, but the percentage of their reactivities was more in case of the mesothelial
cells compared with the cancer cells.

Table - 1 : Reactivity of immunoperoxidase staining in effusions

Adenocarcinoma Reactive mesothelial cells

EMA
Vimentin
Keratin
K-N8E
K-8E
Involucrin

oc-1 Antitrypsin
Desmin
8-100

*8/15 (53.0)**

4/15 (26.6)

8/15 (53.0)

7/15 (46.6)

3/15 (20.0)

0/15 (0.0)

6/15 (40.0)
3/15 (20.0)

4/15 (26.6)

4/15 (26.6)

13/15 (86.6)

14/15 (93.0)

11/15 (73.0)

8/15 (53.0)

3/15 (20.0)

9/15 (60.0)
8/15 (53.0)

7/15 (46.6)

* Results are shown as the number of positives/total number tested
** Figures within parentheses indicate their percentages
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Discussion :

Effusion fluids may present to the cytopathologist with some of the most challenging
diagnostic dilemmas because of the difficulty in distinguishing between the hyperplastic
(reactive) mesothelial cells and the cancer cells". Many experiments have been carried
out to discriminate between the reactive mesothelial cells, mesothelioma and the

metastatic adenocarcinoma23' from effusion fluids. The present study disclosed vimentin
expression in the adenocarcinoma cells inaddition to the reactive mesothelial cells which
contradicted with Duggan3where they found the adenocarcinoma cells to be negative for
vimentin. This finding also disagreed with Ramaekers9about the restriction of vimentin
expression in the mesenchyma derived tumor cells such as lymphoma, melanoma,
fibrosarcoma and neurofibrosarcoma. It has been suggested by Kahn5that the pattern of
distribution of Keratin in the perinuclear region with focal accentuation was significant for
the reactive mesothelial cells and arborization pattern throughout the cytoplasm was
significant for adenocarcinoma. Inthe presentexperiment nodifference could be found in the
pattern of distribution of the reaction product, neither in case of keratin nor EMA; which
supported the findings of Duggan3. Again, Guzman4 also carried out two successive
experiments using different antibodies on the pleural effusions due to breast cancer, and
the peritoneal effusions due to ovarian cancer. They found EMA reactivity in both the
cancer and the reactive mesothelial cells but the distribution of the reaction product was
linear in case of the cancer cells and spiky or hairy in the reactive mesothelial cells. In both
the experiments they used a special immunocytochemical technique, the so-called
"immunoperoxidase adhesive slide assay" and they did the experiments without blocking
the endogenous peroxidase .activityand nuclear counterstaining. The present experiment
was carried out by ABC method with blocking of the endogenous peroxidase activity and
nuclearcounterstaining with methylgreen/Mayear's hematoxylin for easy identification of the
nuclear characters and thus the nonviable cells were excluded even though they were
reactive. This might be the reason for the discrepancies with them.

Walts'O performed immunoperoxidase staining on exfoliated mesothelial and
adenocarcinoma cells using different molecular weight keratins (45, 46, 55, 63 Kd) and
found them all reactive in both cases except for 63 kd keratin which showed no reaction
in cancer cells. In this experiment keratins of molecular weight 56 and 64 kd, K-SE of 49,
57 and 66 kd, and K-NSE of 54 kd were used. It was seen that all these cytokeratins
reacted with the mesothelial and the adenocarcinoma cells having the highest reactivity
with the reactive mesothelial cells in case of keratin antibody. Sixty percent of the
reactive mesothelial cells reactedwith oc-1-AT. It was interesting to note that no cancer cells
reacted with involucrin in this series and only few mesothelial cells showed reaction.
Desmin is specific for the cells of myogenic origin" and S-100 protein for nervous tumors12
melanotic tumors" and nasopharyngeal carcinoma'4 In this study desmin and S-100
protein were reactive with both the cancer and the reactive mesothelial cells. The reason of
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t~eir expression was uncl.ear. It was assumed that these might be due to intrinsic
synthesis or functional adaptation of the exfoliated cells in a fluid medium, but this awaits

further study at immunoelectronmicroscopiclevel.. It was occasionallyobservedthat
some of the tumor cell clusters were negative while single cells showed positive reaction for
the antibodies used. This could probably be due to the compact nature of the three
dimensional tumor cell groups. Itwas also noticed that more than one antigens may
sometimes be expressed on the same cell irrespective of their character-benign or
malignant. In the present study mesothelioma was not available. So, the reactivity of the
mesothelioma could not be compared with the reactive mesothelial and the metastatic
adenocarcinoma cells.

In conclusion, cytokeratins and EMA were not seen to show any difference in the
distribution of the reaction proc;luct in the cancer cells and the reactive mesothelial cell.
EMA has not been found to be an ideal marker for the diagnosis of cancer cells. For the
diagnosis of the reactive mesothelial cells vimentin and keratin can be used. This is the first
report to show that desmin and S-100 protein are aberrantly expressed in the cells of the
effusion fluids and that involucrin is nonreactive for the cancer cells.
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