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ABSTRACT
One of the main challenges of diagnostic cytology is fi nding an unequivocal and reliable method for 

discriminating between benign reactive mesothelial cells and malignant cells exfoliating into peritoneal 
eff usions. Cytomorphologic examination alone provide only limited sensitivity for the detection of metastatic 
carcinoma cells in many cases of serous eff usions. The ability to detect cancer by molecular analysis in body 
fl uids depends mainly on the enrichment of tumor cells in the specimens. Early diagnosis and management 
of peritoneal metastases from cancer patients are diffi  cult clinical challenges. The aim of this study was to 
assess the practical value of immunocytochemical techniques in routine cytological diagnosis, showing the 
cytopathological and immunocytochemical aspects encountered in 77 available cases with a histological 
diagnosis known. The cases were chosen to show typical cytological paĴ erns (both benign and malignant) 
and in this way to achieve a diagnostic value of the immunocytochemistry method. Immunocytochemistry 
is routinely used in hospital laboratories to diagnose cancers, identify infectious organisms, diff erentiate 
malignant from benign processes, and reveal prognostic indicators. A panel of tumor markers (monoclonal 
antibodies), was applied to smears of cell deposit from peritoneal fl uids, using avidin–biotin complex method, 
LSAB (HRP). It is concluded that a suitably chosen panel of monoclonal antibodies can be of great value in 
identifying neoplastic cells in serous eff usions. Determination of eff usions-specifi c immunostaining profi les 
is valuable in the diagnostic diff erentiation of metastatic carcinomas from common primary sites and should 
help to correctly predict the organ of primary tumor origin. 
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INTRODUCTION

Immunocytochemistry, a technique used for 
the localizati on of specifi c cellular anti gens, was 
introduced to diagnosti c tumor pathology about 
20 yr ago. The procedure allows for the visual-

izati on of anti gens in ti ssue samples via the se-
quenti al applicati on of a specifi c anti body to the 
anti gen (primary anti body), a secondary anti -
body to the primary anti body, an enzyme com-
plex, and a chromogenic substrate. The enzy-
mati c acti vati on of the chromogen results in a 
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visible reacti on product at the anti gen site, 
which is interpreted using a light microscope. 

 Various studies have shown a sensiti vity of 
57.3% and specifi city of 89% by conventi onal cy-
tology for the detecti on of malignant cells in ef-
fusion samples (1, 2). 

 The management of malignant ascites of un-
known primary tumor is in evoluti on. Repeated 
abdominal paracentesis may be useful in reduc-
ing symptoms. Intraoperati ve placement of Fol-
ey’s catheter for conti nuous drainage of malig-
nant ascites carries a high mortality rate (3). 
Intraperitoneal insti llati on of radioisotope chro-
mic phosphate colloid, immunotherapeuti c 
agents such as trifuncti onal anti bodies, end-
ostati n adenoviral vector and triamcinolone 
hexacetanide have been tried. Octreoti de as an 
agent for palliati ve care has also been studied 
(4).

 Malignant peritoneal eff usions contribute to 
considerable morbidity in cancer pati ents and 
generally portend an overall poor prognosis. 
Treatment of malignant peritoneal eff usions is 
palliati ve, therefore, quality of life issues, as well 
as the risks and benefi ts of the therapeuti c op-
ti ons, become more criti cal. Malignant ascites 
are defi ned generally as ascites containing ma-
lignant cells; therefore, in most studies, eff orts 
have been made to detect free cancer cells in 
peritoneal cytology specimens. In 10-20% of 
cases, the primary tumor may be diffi  cult to de-
tect and presents as a clinical enigma (5). Asciti c 
fl uid analysis, tumor markers, radiological imag-
ing and even diagnosti c laparoscopy may fail to 
detect the primary tumor. Malignant cells will 
be detected in asciti c fl uid in nearly 40-60% of 
pati ents (6). Due to the limited survival rate, 
supporti ve and symptomati c therapy remains 
the mainstay of the management and an aggres-
sive approach is not indicated. It is diffi  cult to 
compare results and determine the true effi  cacy 
of diff erent techniques and agents because end-
points and response criteria as well as the ex-
tent and method of follow-up vary. Malignant 
peritoneal eff usions harbor tumor cells, shed 
from direct extension or metastati c spread, and 
are due to impaired reabsorpti on or an increased 
producti on of peritoneal fl uid. Eff usions in can-
cer pati ents are not always “malignant” but may 
be reacti ve due to related to comorbid condi-
ti ons. Nonetheless, eff usions of malignant origin 
are usually recurrent, cause considerable mor-
bidity in cancer pati ents, and are generally as-
sociated with a poor prognosis (7). 

Cytopathology is no longer simply a screen-
ing modality limited to the “Pap mills” of yore. 

Whether it is the detecti on of specifi c proteins/
anti gens for defi niti ve diagnoses/treatment 
guidance in immunotherapy, or it is “reading 
nucleic acids,” the cytopathologist of the future 
will be called upon to gather and report more 
detailed and precise informati on. As we develop 
methods for extrapolati ng the secrets previous-
ly locked within the individual cells, it becomes 
evident that the cells were talking all along, we 
just did not know how to listen. 

Pleura and peritoneum are common sites of 
metastati c tumor manifestati on. The evaluati on 
of serous eff usions for metastati c carcinoma 
cells is criti cal for the therapy and for determin-
ing the prognosis of the disease. Owing to the 
scarcity of tumor cells in malignant eff usions or 
morphologic similariti es to reacti ve mesothelial 
cells, cytologic examinati on fails to detect ma-
lignant cells in approximately 40% of eff usions 
(2). Therefore, in many cases, more invasive 
techniques such as biopsy, thoracoscopy or tho-
racotomy might be unnecessary to obtain a de-
fi niti ve diagnosis (8). 

The rate of diagnosti cally equivocal eff usions 
in routi ne cytology is dependent on the volume 
of eff usion examined, type of preparati on and 
staining, experience of the examiner, and appli-
cati on of ancillary methods. Peritoneal eff usions 
are a frequently encountered clinical manifesta-
ti on of metastati c disease, with breast, ovarian, 
and lung carcinomas and malignant mesotheli-
oma leading the list (9). 

The fi rst report of an intraoperati ve exami-
nati on of peritoneal cytology to detect subclini-
cal metastases was presented in 1971. Pati ents 
with normal peritoneal cytological specimens 
had bett er survival rates than pati ents with ab-
normal fi ndings, but only one abnormal cyto-
logic specimen was found in early stage disease 
(10) Abdominal compartment syndrome and 
spontaneous bacterial peritoniti s have been re-
ported with untreated malignant ascites (11, 
12). However, the median survival of such pa-
ti ents is usually measured in days. 

The cytological diagnoses of serous eff usions 
are usually made by routi ne cytomorphology 
with certainty, allowing treatment decisions. 
Various studies have shown a sensiti vity of 
57.3% and specifi city of 89% by conventi onal 
cytology for the detecti on of malignant cells in 
eff usion samples (2). Studies have shown that 
positi ve and negati ve predicti ve values for de-
tecti on of malignancy by cytomorphology are 
89.3% and 69.4% respecti vely. However, a grey 
zone always exists, where the cytopathologist 
encounters problems in determining the nature 
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of the cells whether reacti ve, atypical, or be-
yond doubt malignant (13). Therefore various 
ancillary techniques should be used to increase 
the diagnosti c accuracy of malignancy in serous 
eff usions. Primary cytomorphologic criteria of 
malignancy include cellular aggregates, pleo-
morphism (variable cellular appearance), aniso-
cytosis (variati on in cell size), anisokaryosis 
(variati on in nuclear size), multi nucleati on, 
prominent to irregular nucleoli, increased nu-
clear to cytoplasmic rati o, monomorphic cellu-
lar appearance, and increased mitoti c fi gures. 
Hyperplasti c mesothelial cells also may exhibit 
anisocytosis, anisokaryosis, increased nuclear 
to cytoplasmic rati o, binucleate and multi nucle-
ate, and scatt ered mitoses. Any situati on that 
results in fl uid accumulati on within the body 
caviti es can induce mesothelial cell hyperplasia 
and exfoliati on with an abnormal cellular mor-
phology (14). Therefore, the diff erenti ati on be-
tween mesothelial cell hyperplasia and meso-
thelioma may be diffi  cult or impossible. 

MATERIALS AND METHODS

This was hospital based prospecti ve study 
carried out in Emergency Clinical Contry Hospi-
tal of Constanta – Department of Pathology 
from September 2007 to May 2009. Clinical 
charts of all the pati ents whose peritoneal fl uid 
samples were sent for cytological examinati on 
during the studied period, were retrieved for 
relevant informati on. Histopathologic examina-
ti on of ti ssue was used as gold standard to diag-
nose malignancy, in cases where this was avail-
able. Follow-up data were obtained from the 
Tumor Registry of ECCHC.

The studied material consisted out of 77 
body cavity fl uid specimens (peritoneal eff u-
sions), produced in various malignant and be-
nign conditi ons, from 45 (58,44%) women and 
32 (41,55%) men. The majority of carcinomas 
were ovarian carcinomas (n = 18) with the re-
maining specimens histological diagnosed as 
gastrointesti nal carcinoma (n = 9), pulmonary 
carcinoma (n = 4), breast carcinoma (n = 3) and 
peritoneal mesothelioma (n = 2). The histologic 
grade was excluded. Paracentesis was done, 
largely for symptomati c relief. If no fl uid was 
present, the peritoneal cavity was lavaged with 
saline soluti on, and the fl uid was then collected 
for analysis. Eff usions were submitt ed for rou-
ti ne diagnosti c purposes and the diagnoses 
were established by evaluati on of smears. Con-
fi rmati on of the origin of carcinoma was diffi  cult 
to be made from the eff usion cytology.

May-Grunwald-Giemsa and Papanicolaou 
stained slides were prepared from sediment ob-
tained by centrifuging the peritoneal liquid 
samples at 1500 rpm for 5 minutes, using Shan-
don Cytospin preparati ons.The cytologic diag-
nosis was supported subsequently by immuno-
cytologic staining with the specifi c anti bodies. 

Immunostaining was performed using the 
avidin–bioti n complex method LSAB (HRP). Af-
ter centrifugati on the samples at 3000 rpm for 
20 minutes, immunocytochemical labelling was 
performed on unstained smears. Provided the 
smears were well air-dried (for at least 14 hr) 
prior to immersion in 100% ethanol, there was 
no need to employ adhesive-coated glass slides. 
Enzymes are the most widely used labels in im-
munohistochemistry and incubati on with a 
chromogen using a standard histochemical 
method creates colorimetric (brown) reacti on 
(15), end-product suitable for the light micro-
scope (NIKON Digital Camera DN100, Japan, 
x20, x40 si x100.) For diluti on of concentrated 
anti body was used Anti body diluent (code 
S2022). Endogenous peroxidase acti vity was 
blocked using a hydrogen peroxide block (Dako 
REAL, Peroxidase –Bloking Soluti on, code S2023) 
for 10 min at 37°C, and then the slides were 
washed with disti lated water and phosphate-
buff ered saline PBS (pH 7,4-7,6) several ti mes 
aft erward. The visualisati on of the anti body was 
made with Epitope Retrieval Soluti on at 95-
970C in incubati on container, for 30 minutes. 
The anti body was incubated at room tempera-
ture for 30 min in a humidifi ed environment. A 
polymer-labeled secondary anti body (Dako 
HRP) was applied for 30 min followed by incuba-
ti on with 3,3`-diaminobenzidine tetrahydro-
chloride in organic solvent (DAB Chromogen) as 
a chromogen and then counterstaining with he-
matoxylin or Giemsa. 

Visualizati on was achieved by using the EnVi-
sion+ peroxidase system (DAKO). Staining was 
considered positi ve only when unequivocally lo-
calized to the cell membrane in a linear patt ern. 
Staining extent was scored on a scale of 0 
through 3, as follows: score 0: staining of 0-10% 
cells (no staining) (-); score 1: staining of 11-40% 
cells (1+); score 2: staining of 41-80% cells (2+); 
score 3: staining of 81-100% cells (3+). Slides 
considered as “positi ve” were graded for granu-
lar cytoplasmic staining that was disti nct and 
clearly stronger than background staining. Iden-
ti fying such staining in at least 5% of tumor cells 
rendered the case positi ve. The intensity of 
staining was also scored on a categorical scale 
from 0 to 3: 0 indicated absent; 1+, very weak, 
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dubious staining; 2+, defi nite, mild, or moderate 
staining; 3+, defi nite, strong staining. Staining 
that was not unequivocally disti nct from back-
ground staining was considered negati ve.

All 77 eff usions were immunohistochemical-
ly analyzed for cytokerati n AE1/AE3, EMA, CEA, 
Calreti nin, anti -human epithelial anti gen, N-
Cadherina, Desmina, Citokerati nele 5/6, Vimen-
ti na and CA125 expression using a manual 
method for staining. All anti bodies were mono-
clonal mouse and purchased from DakoCytoma-
ti on (Denmark). Details on the immunocyto-
chemical tehnique, anti bodies diluti on and 
expression are shown in Table 1.

To esti mate the accuracy of the immunocy-
tochemical assay for diagnosti c purposes, stati s-
ti cal analysis was performed using the two-tails 
unpaired t-test, determining the values of p. We 
considered the signifi cant associati on when 
p<0.05.The t-test was used to assess the correla-
ti on of tumour marker concentrati ons in serous 
eff usion fl uid and positi ve immunocytochemical 
fi ndings. For stati sti cal analyses, only those cas-
es with more than 11% (1+, 2+ or 3+) of tumor 
cells exhibiti ng defi nite staining were consid-
ered positi ve. Representati ve images of positi ve 
staining are illustrated in Figure 1, 2, 3, 4, 5, 6. 

RESULTS

Histological examinati on had been per-
formed in all pati ents. In all cases, the origin of 
the neoplasm (primary site of the carcinoma) 
was clearly established. Clinical diagnoses and 
site of neoplasm associated with peritoneal ef-
fusions of all pati ents are detailed in Table 2. 

In 85, 71% of cases the cytological diagnoses 
provide a certain diagnosti c. The fi ndings were 
recorded as “positi ve”, “negati ve”, or “suspi-
cious” for the presence of malignant cells. Ma-
lignant cells were recognised morphologically in 
27 of 36 (75%) specimens from pati ents with 
carcinomas, and ½ of mesotheliomas. In all oth-
er malignant cases the diagnosis of “suspicious” 
or “negati ve” was recorded; in all samples from 
benign diseases the diagnosis was “negati ve”, 
but in 2/41 benign cases the diagnosis was “sus-
picious”. From all 36 of eff usions samples asso-
ciated with carcinoma, only 27 clearly estab-
lished to contain neoplasti c cells on routi ne 
cytological examinati on. In 11 cases, the corre-
sponding specimens were been reported to 
contain various uncertain reacti ve mezothelial 
cells and, in that case, the cytologic diagnosis 
was “suspicious for malignancies”. Calculati ng 

Table 1. Details on the immunocytochemical tehnique, anti bodies diluti on and expression

No. Monoclonal antibody Clone Dilution
Incubation 

time 
(minutes)

Expression

1. Pancitokeratin AE1/AE3 1:50 20` cytoplasmic

2. EMA(anti-human Epithelial 
Membrane Antigen) E29 Ready-to-use 30` cytoplasmic

3. CEA II-7 1:25-1:5 30` cytoplasmic
4. Calretinin DAK Calret 1 Ready-to-use 20` nuclear

5. anti-human epithelial 
antigen BerEP4 1:100 30` membrane pattern

6. N-Cadherina NCH-38 ready-to-use 20` membrane pattern
7. Desmina D33 1:50 30` cytoplasmic
8. Citokeratinele 5/6 D5/16 B4 1:50 30` cytoplasmic
9. Vimentina Vim 3B4 1:100 30` cytoplasmic

10. CA125 OC125 1:100 30` cytoplasmic

 Table 2. Cytological diagnoses and site of neoplasm associated with peritoneal eff usions

Primary site of the 
carcinoma

Benign 
cases

Ovarian
carcinoma

Gastrointestinal 
carcinoma

Breast
carcinoma

Pulmonary 
carcinoma

Malignant
mesothelioma

Cytologic diagnosis of 
“positive” for malignancies 0/41 15/18 7/9 2/3 2/4 1/2

Cytologic diagnosis of 
“suspicious” 2/41 3/18 2/9 1/3 2/4 1/2
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the mean and standard deviati on from the three 
cytologic formulas, we didn`t found any semnifi -
cati ve diff erences between them (p>0,05). 

The Giemsa-stained cytological smears from 
benign cases were reviewed and in 2/41 sam-
ples it was possible to detect reacti ve mesothe-
lial cells, bringing the suspicious of malignant 
disease. Therefore, the use of cytologic inspec-
ti on at the incipient eff usions examinati on not 
only provide in 85, 71% cases a certain diagnos-
ti c but also can detect a suspicious eff usion that 
can be associate to a malignancy. 

The immunocytochemical assessment, made 
by the ten monoclonal anti bodies studied, on 
benign peritoneal eff usions (no. 41) associated 
to non-malignant pathology had the following 
results: vimenti n and citokerati n AE1/AE3 ex-
pression showed three patt erns of positi vity 
(1+, 2+ and 3+) for more than 50% of cases 
(22/41, 53,65% for AE1/AE3 and 26/41, 63,41 
for vimenti n ) (Table 3). BerEP4, N-Cadherin and 
calreti nin did not stain any cells in all benign ef-
fusions (percentage of negati ve staining 100%). 

Table 3. Immunoreacti ons in benign cases (No.41)

Staining 
intensity AE1/AE3 Calretinin EMA Ck5/6 CEA N-Cadherin Vimentin Desmin Ber-EP4 CA125

Score 0 (-) 19 41 40 22 39 41 15 35 41 39
Score1:(+) 9 0 0 6 0 0 12 3 0 0
Score 2:(++) 10 0 0 8 0 0 6 2 0 0
Score 3:(+++) 3 0 1 5 2 0 8 1 0 2

Table 4.  Immunoreacti ons on peritoneal eff usions associated with ovarian carcinoma (No.18)

Staining 
intensity AE1/AE3 Calretinin EMA Ck5/6 CEA N-Cadherin Vimentin Desmin Ber-EP4 CA125

Score 0 (-) 17 18 1 8 2 16 12 17 10 0
Score1:(+) 0 0 2 0 1 0 2 0 0 4
Score 2:(++) 3 0 5 2 2 0 2 0 3 3
Score 3:(+++) 8 0 10 8 2 2 6 1 6 11

Table 5. Immunoreacti ons on peritoneal eff usions associated with gastrointesti nal carcinoma (GI) (No.9)

 AE1/AE3 Calretinin EMA Ck5/6 CEA N-Cadherin Vimentin Desmin Ber-EP4 CA125
Score 0 (-) 8 9 8 1 7 0 9 9 1 9
Score1:(+) 1 0 0 0 1 0 0 0 4 0
Score 2:(++) 1 0 1 0 2 2 0 0 2 0
Score 3:(+++) 3 0 0 8 4 7 3 0 2 0

Table 6. Immunoreacti ons on peritoneal eff usions associated with breast carcinoma (No.3)

 AE1/AE3 Calretinin EMA Ck5/6 CEA N-Cadherin Vimentin Desmin Ber-EP4 CA125
Score 0 (-) 0 3 0 3 3 2 3 3 0 2
Score1:(+) 0 0 0 0 0 1 0 0 3 1
Score 2:(++) 2 0 2 0 0 0 1 0 0 0
Score 3:(+++) 1 0 1 0 0 0 2 1 0 0

Table 7. Immunoreacti ons on peritoneal eff usions associated with pulmonary carcinoma (No.4)

 AE1/AE3 Calretinin EMA Ck5/6 CEA N-Cadherin Vimentin Desmin Ber-EP4 CA125
Score 0 (-) 3 2 1 3 1 4 4 4 2 0
Score1:(+) 0 0 0 0 2 1 0 0 3 1
Score 2:(++) 1 0 1 1 1 1 0 0 0 2
Score 3:(+++) 3 0 2 0 0 2 1 0 0 1
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Table 8. Immunoreacti ons on peritoneal eff usions associated with malignant mesotheliomas (No.2)

 AE1/AE3 Calretinin EMA Ck5/6 CEA N-Cadherin Vimentin Desmin Ber-EP4 CA125
Score 0 (-) 1 - 2 - 2 - - - 2 2
Score1:(+) 0 0 0 0 0 0 0 0 0 0
Score 2:(++) 1 0 0 1 1 0 0 0 0 0
Score 3:(+++) 1 1 0 1 0 2 2 2 0 0

Figure 1. Metastati c breast carcinoma cell present in 
peritoneal eff usions, positi ve membrane patt ern im-
munostaining for BerEP4 (LSAB tehnique, haematoxy-
lin counterstain, original magnifi cati ons 400x).

Figure 2. Immunocytochemical reacti vity of monoclo-
nal anti body N-Cadherin (positi ve membrane expre-
sion) (LSAB tehnique, haematoxylin counterstain, 
original magnifi cati ons 400x).

Figure 3. Positi ve cytoplasmic immunostaining for vi-
menti n; large binucleate cell (LSAB tehnique, haema-
toxylin counterstain, original magnifi cati ons 400x).

Figure 4. Positi ve cytoplasmic immunostaining for vi-
menti n; large binucleate cell (LSAB tehnique, haema-
toxylin counterstain, original magnifi cati ons 400x).

Figure 5. Diff use moderately positi ve cytoplasmic im-
munostaining for desmin (LSAB tehnique, haematoxy-
lin counterstain, original magnifi cati ons 400x).

Figure 6. Immunocytochemical reacti vity of mono-
clonalanti body CA125 ( positi ve cytoplasmic 
immunostaining)(LSAB tehnique, haematoxylin coun-
terstain, original magnifi cati ons 400x)
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In two cases (considered „suspicious for ma-
lignancy” aft er conducti ng the citology method), 
the immunocytochemical staining had revealed 
more than 11% of reacti ve mesothelial cells la-
beled with each of the two monoclonal anti bod-
ies (CEA and CA125) and one were also positi ve 
for EMA. The both cases were positi ve in metas-
tases or fi nal stages, so a signifi cant correlati on 
was found between the expression of this men-
ti oned markers and tumor stage (p<0,01). 

Peritoneal eff usions – specifi c immunostain-
ing profi les using multi ple markers provided 
high sensiti vity, specifi city, and positi ve predic-
ti ve value in detecti ng primary carcinomas, as 
follows: ovarian carcinoma (CA125+/BerEP4+/
Desmin-/Vimenti n-/N-Cadherin-/CEA-/CK5/6+/
EMA+/Calreti nin-/PanCKAE1/AE3-), gastrointes-
ti nal tract carcinoma (CA125 -/BerEP4+/Des-
min-/Vimentin-/N-Cadherin+/CEA+/CK5/6+/
EMA-/Calreti nin-/ PanCKAE1/AE3-), breast car-
cinoma (CA125 -/ BerEP4+/Desmin-/Vimenti n+/

N-Cadherin-/CEA-/CK5/6-/EMA+/Calretinin-/ 
PanCKAE1/AE3+), pulmonary carcinoma (CA125 
+/BerEP4+/Desmin-/Vimentin-/N-Cadherin+/
CEA+/CK5/6-/EMA+/Calretinin-/PanCKAE1/
AE3-), malignant mesothelioma (CA125-/ BerEP4-
/Desmin+/Vimentin+/N-Cadherin+/CEA-/
CK5/6+/EMA-/Calreti nin+/PanCKAE1/AE3+) (Ta-
ble 9).

Overall, these combined phenotypes cor-
rectly predicted the tester samples (metastati c 
carcinomas with known primaries) in 94,80% of 
cases (Table 10).

Benign peritoneal eff usions can be discrimi-
nate from malignant eff usions associated with 
ovarian carcinoma using 3 immunocytochemi-
cal markers: CA125, BerEP4 and EMA; from gas-
trointesti nal carcinoma with BerEP4, vimenti n, 
N-Cadherin and CEA; from breast carcinoma 
with BerEP4, ck5/6 and EMA; from pulmonary 
carcinoma with CA125, BerEP4, vimenti n, N-
Cadherin, CEA, ck 5/6, EMA and panck AE1/AE3 

Table 9. Specifi c immunostaining profi les of peritoneal eff usions using multi ple markers

PRIM ARY SITE

BEN IGN 
CON D ITION S

OVARIAN 
CARCIN OM A

GASTROIN TESTIN AL 
CARCIN OM A

BREAST 
CARCIN OM A

PU LM ON ARY 
CARCIN OM A

MALIGN AN T 
M ESOTH ELIOM A

CA125 - + - - + -
BerEP4 - + + + + -
Desmin - - - - - +
Vimentin + + - + - +

N-Cadherin - - + - + +
CEA - - + - + -
Ck5/6 + + + - - +
EMA - + - + + -

Calretinin - - - - - +
PanCK + + + + - +

Table 10. Site of Origin Predicted From Immunoprofi les

Actual Primary 
Site

Predicted Primary Site
Benign 

conditions
Ovarian 

carcinoma
Gastrointestinal 

carcinoma
Breast 

carcinoma
Pulmonary 
carcinoma

Malignant 
mesothelioma

Benign 
conditions (41) 39 0 0 0 0 0

Ovarian 
carcinoma (18) 0 17 0 0 0 0

Gastrointestinal 
carcinoma (9) 0 1 9 0 1 0

Breast 
carcinoma(3) 1 0 0 2 0 0

Pulmonary 
carcinoma(4) 0 0 0 1 3 0

Malignant 
mesothelioma(2) 1 0 0 0 0 2
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and from malignant mesothelioma with N-Cad-
herin, desmin and calreti nin. 

Most ovarian carcinomas can be discriminat-
ed with high probability from: gastrointesti nal 
carcinomas using a panel of 5 anti bodies direct-
ed against CA125, N-Cadherin, vimenti n, CEA 
and EMA; from breast carcinomas using 2 anti -
bodies directed against CA125 and ck5/6; from 
pulmonary carcinomas using a panel of 5 anti -
bodies directed against N-Cadherin, vimenti n, 
CEA, AE1/AE3 and ck5/6; from malignant perito-
neal mesothelioma using a panel of 6 anti bodies 
directed against CA125, BerEP4, desmin, N-Cad-
herin, EMA and calreti nin. 

Most gastrointesti nal tract carcinomas can 
be discriminated with high probability from: 
breast carcinomas using a panel of 5 anti bodies 
directed against N-Cadheri, CEA, ck5/6, EMA 
and vimenti n; from pulmonary carcinoma with 
CA125, ck 5/6, EMA and panck AE1/AE3; from 
malignant mesothelioma with BerEP4, vimen-
ti n, desmin, CEA and calreti nin. 

Breast carcinomas can be discriminated with 
high probability from: pulmonary carcinomas 
using a panel of 5 anti bodies directed against 
CA125, N-Cadherin, CEA, vimenti n and panck 
AE1/AE3; from malignant mesothelioma with 
BerEP4, desmin, vimenti n, CEA, N-Cadherin, ck 
5/6, EMA , panck AE1/AE3 and calreti nin. 

Pulmonary carcinomas can be discriminated 
with high probability from malignant mesothe-
lioma using a panel of 9 anti bodies directed 
against CA125, BerEP4, vimenti n, desmin, CEA, 
ck 5/6, EMA, calreti nin and panck AE1/AE3.

Since the use of all monoclonal anti bodies 
studied would require, for there frequently use in 
a cytopathology laboratory, quite expensive costs, 
we select fi ve of the most important used mark-
ers with highest sensiti vity in making a diff eren-
ti ati on between malignant cells and reacti ve 
mezoteliale cells. These fi ve markers, ranked in 
order of their sensiti vity in diff erenti ati on, were: 
CEA, CA125, BerEP4, N-Cadherin and Calreti nin.

DISCUSSION

Several immunocytochemical studies of peri-
toneal eff usions have also been performed in 
pati ents diagnosed with diff erent malignancys 
aiming to understand immune mechanisms un-
derlying this disease. In his study, Ghosh et al. 
(16) used anti -CEA that gave positi ve reacti ons 
in 80% of carcinoma cases and was not seen to 
react with any other cell types. The anti -kerati n 
reacted with malignant cells in only a small pro-
porti on of cases. The anti bodies against epithe-

lial intermediate fi laments reacted equally 
strongly with benign mesothelial cells and carci-
noma cells, but gave negati ve reacti ons with 
lymphoma cells.

The presence of desmin was also detected in 
benign mesothelial cells in 47 of 56 (84%) reac-
ti ve cellular specimens compared with 1 of 12 
(8%) malignant mesotheliomas and 2 of 98 (2%) 
carcinomas. N-cadherin was expressed in 48 of 
56 (86%) reacti ve cases, 12 of 12 (100%) meso-
theliomas, and 47 of 98 (48%) carcinomas. In 
carcinomas, N-cadherin expression was most 
oft en seen in ovarian carcinoma but was also 
found in other carcinomas. Calreti nin, an estab-
lished marker of mesothelial cells, was detected 
in 52 of 56 (93%) reacti ve specimens, 11 of 12 
(93%) mesotheliomas, and 3 of 98 (3%) carcino-
mas. Evaluati on of staining results led to reclas-
sifi cati on of six malignant specimens as benign, 
whereas 17 cases diagnosed as benign and the 
two diagnosed as inconclusive were classifi ed 
as malignant. Desmin appears to be a promising 
marker for the disti ncti on between reacti ve me-
sothelium and malignant epithelial cells in terms 
of both specifi city and sensiti vity, and its com-
plementary use with calreti nin is recommend-
ed. Unlike calreti nin, it may also prove valuable 
for the disti ncti on between benign and malig-
nant mesothelial cells. N-cadherin does not have 
a role in the disti ncti on between mesothelial and 
epithelial cells. However, it may prove useful in 
the characterizati on of carcinomas of unknown 
origin. As has previously been shown, a signifi -
cant number of diagnoses that are based on 
morphologic examinati on alone are modifi ed af-
ter the use of a broad anti body panel (17). 

Serous eff usions are common clinical syn-
dromes and can be simply divided into benign 
and malignant. Diff erenti ati on between two 
kinds of eff usions is very important for diagno-
sis, treatment and prognosti c evaluati on. The 
cytological examinati on is a simple and reliable 
method for the diagnosis of malignant eff u-
sions, but its sensiti vity is only 40-60%(18), even 
lower in clinical practi ce. Cytological examina-
ti ons are based on the cellular morphology, 
which may raise diffi  culti es in disti nguishing car-
cinoma cells from reacti ve mesothelial cells. 
Someti mes, carcinoma cells without typical 
morphological changes or enough number 
could not be diagnosed cytologically. How to 
identi fy the metastati c carcinoma cells and dif-
ferenti ate them from reacti ve mesothelial cells 
is key to diagnosing malignant eff usions (2). In 
the past decade, immunocytochemistry seemed 
to be a valuable tool in solving the problem, 
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with a complementary value for cytological di-
agnosis of malignant eff usions (19). 

The diagnosis of carcinoma is important be-
cause many cases are present late and this pa-
ti ents may have systemic problems that prevent 
invasive procedures to obtain diagnosti c mate-
rial. The cytological features on carcinoma cells 
are well described, but are of litt le use when ap-
plied to eff usion cytology for example, endothe-
lial rimming of neoplasti c cell groups and intra-
nuclear inclusions are not notable features in an 
asciti c fl uid. 

Metastati c malignancy in peritoneal eff u-
sions, shows a relati vely limited range of cyto-
logical expression, and confusion with reacti ve 
mesothelial cells can be a disturbing problem. 
The applicati on of a technique which is specifi c 
to the mezothelial cell is clearly a great benefi t 
in defi ning the site of origin of a neoplasm.The 
peritoneal eff usion contained single neoplasti c 
cells and groups of neoplasti c cells showing nu-
clear pleomorphism and granular chromati n 
surrounded by moderate amounts of rather 
granular cytoplasm. 

In this study, two benign peritoneal eff usions 
of the 41 cases immunocytochemical staining 
revealed previously unrecognised malignant 
cells. This represents an increase in diagnosti c 
accuracy and suggests that immunocytochemi-
cal labelling should be used routi nely for the ex-
aminati on of cytologically negati ve samples 
from pati ents with suspected malignant disease. 
Aft er demonstrati ng the presence of this immu-
nocytochemical markers in these cells we felt 
that the diagnosis of carcinoma in the asciti c 
fl uid was certain.

CONCLUSIONS

The cytopathological diagnosis of metastati c 
neoplasms is not always straightf orward, espe-

cially in the absence of a clinical history of can-
cer. The usage of improved cytopathological cri-
teria combined with immunocytochemistry may 
be of great diagnosti c help in the identi fi cati on 
of metastases. Conventi onal cytological exami-
nati on furnishes much more informati on than 
the mere presence or absence of carcinoma 
cells. It provides evidence of the type of carci-
noma; it someti mes permits the diagnosis of 
other neoplasti c diseases and it oft en give clues 
to benign pathological processes. Hence it is not 
our opinion that immunochemistry can in any 
way replace this, but rather should be seen as a 
means of answering specifi c questi ons. It may 
also be added that the use of immunocyto-
chemical techniques provides a means of objec-
ti vely verifying the accuracy of the cytopatholo-
gist’s opinion: this contributi on to quality control 
in cytology may prove to be one of the most im-
portant results of the introducti on of immuno-
cytochemical techniques in this fi eld. Immuno-
chemistry can be used to increase the 
predictability of a cytology diagnosis if care is 
taken with the cytology sample preparati on 
methodology and there is judicious use of select 
monoclonal anti body panels to support a spe-
cifi c cytology diagnosis. Up-to-date evidence-
based anti body databases should be used when 
selecti ng anti body panels. This method is easy, 
rapid, reliable, and practi cal for the routi ne 
measurement of peritoneal eff usions with small 
samples of biological material need for the anal-
yses. 

We feel that applicati on of this specifi c tech-
nique of imunocitochemistry for a panel of 
monoclonal anti bodys can confi rm the diagno-
sis of a specifi c carcinoma on cytospin prepara-
ti ons of asciti c fl uid, thus making further inva-
sive diagnosti c procedures unnecessary. 
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It’s clear that the simple fact of grow-
ing older -- chronological aging -- is relent-
less and unstoppable. But experts study-
ing the science of aging say it’s Ɵ me for a 
fresh look at the biological process -- one 
which recognizes it as a condiƟ on that can 
be manipulated, treated and delayed. Tak-
ing this new approach would turn the 
search for drugs to fi ght age-related dis-
eases on its head, they say, and could 
speed the path to market of drugs that 
treat mulƟ ple illnesses like diabetes, heart 
disease and Alzheimer’s at the same Ɵ me. 
“If aging is seen as a disease, it changes 
how we respond to it. For example, it be-
comes the duty of doctors to treat it,” said 
David Gems, a biogerontologist who spoke 
at a conference on aging in London last 
week called “Turning Back the Clock.” At 
the moment, drug companies and scien-
Ɵ sts keen to develop their research on ag-
ing into tangible results are hampered by 
regulators in the United States and Europe 
who will license medicines only for specifi c 
diseases, not for something as general as 
aging. “Because aging is not viewed as a 
disease, the whole process of bringing 
drugs to market can’t be applied to drugs 
that treat aging. This creates a disincen-
Ɵ ve to pharmaceuƟ cal companies to de-
velop drugs to treat it,” said Gems. The 
ability of humans to live longer and longer 
lives is being demonstrated in abundance 
across the world.Average life expectancies 
extended by as much as 30 years in devel-
oped countries during the 20th century 
and experts expect the same or more to 
happen again in this century. A study pub-
lished last year by Danish researchers esƟ -
mated that more than half of all babies 
born in wealthy naƟ ons since the year 
2000 will live to see their 100th birthdays.

“THERE’S ONE THING WE’RE ALL MISSING”
But with greater age comes a heavier 

burden of age-related disease. Cases of 
demenƟ a and Alzheimer’s, incurable 
brain-wasƟ ng condiƟ ons, are expected 
to almost double every 20 years to 
around 66 million in 2030 and over 115 
million in 2050. Diabetes, heart disease 
and cancer, and the cost of coping with 
them in aging populaƟ ons, are also set 
to rise dramaƟ cally in coming decades in 
rich and poor countries alike. Nir Barzilai 
of the Albert Einstein College of Medi-
cine at Yeshiva University in New York, 
says one way of trying to face down this 
enormous burden of disease is to look at 
the biggest risk factor common to all of 
them -- aging. “There’s one thing every-
body is missing,” he said. “Aging is com-
mon for all of these diseases -- and yet 
we’re not invesƟ gaƟ ng the common 
mechanism for all of them. We are just 
looking at the specifi c diseases.” To try to 
reverse that, Barzilai and many other sci-
enƟ sts around the world are studying 
the genes of the very old and starƟ ng to 
fi nd the geneƟ c mechanisms, or path-
ways, that help them beat off  the demen-
Ɵ as, cancers, heart diseases and other 
age-related illnesses that bring down oth-
ers who die younger. By fi nding the genes 
thought to help determine longevity, sci-
enƟ sts think they may be able to mimic 
their acƟ on to not only extend life span, 
but, crucially, extend health span. “It is ... 
looking increasingly likely that pharmaco-
logical manipulaƟ on of these ... pathways 
could form the basis of new preventaƟ ve 
medicines for diseases aging, and aging 
itself,” said Andrew Dillin of the Salk InsƟ -
tute in California and the Howard Hughes 
Medical InsƟ tute. Gems says insƟ tuƟ onal 

and ideological barriers are standing in 
the way -- and a major one is the long-
standing tradiƟ onal view that aging is not 
a disease, but a natural, benign process 
that should not be interfered with.
CHANGING ATTITUDES?

All three experts say, however, that 
the ground is shiŌ ing in their direcƟ on.
There is now a “groundswell” of specialists 
in aging, says Dillin, who are lobbying the 
world’s biggest drug regulator, the U.S. 
Food and Drug AdministraƟ on, to consider 
redefi ning aging as a disease in its own 
right. Major scienƟ fi c research bodies like 
the U.S. NaƟ onal InsƟ tutes of Health and 
the Medical Research Council in Britain 
are also under pressure to put more em-
phasis -- and funding -- into studying how 
aging increases disease risk. For biogeron-
tologists, as scienƟ sts who study the biol-
ogy of aging are known, the struggle is to 
convince people that their goal in unpick-
ing the science behind aging is no longer 
life, but healthier life. “The whole reason 
that we study the aging process is not ac-
tually to make people live a lot longer, it’s 
to get people to have a more healthy lifes-
pan,” said Dillin. He sees it as a maƩ er of 
re-educaƟ ng the public and health au-
thoriƟ es to see biological aging in a new 
light. “When we are in the public arena we 
tell people we’re working on the aging 
process, the fi rst thing they think is that 
we want to make a 100-year-old person 
live to be 250 -- and that’s actually the fur-
thest from the truth,” he said. “What I 
want is for a 60-year-old person who is 
predisposed to have Alzheimer’s to be able 
to delay that, live to be 80, and get to 
know their grandchildren.”

Sursa: Reuters

REVISTA PRESEI MEDICALE INTERNAŢIONALE

Is aging a disease?


