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The aim of the study was to evaluate the Biochip-SER test system for its ability to measure the expression of Ep-CAM antigen by
fluorescent immunocytochemistry.

Materials and Methods. We conducted 64 cytological, 64 standard immunocytochemical (SICC) and 64 fluorescentimmunocytochemical
(FICC) tests using the Biochip-SER test system and samples from 59 patients (45 effusions and 19 peritoneal washings). The study was
performed in 4 stages: cytological examination, SICC, FICC using the Biochip-SER system, and control cytological study by the Biochip-
SER system. The SICC was performed using the monoclonal antibody (MAB) to the epithelial antigen Ep-CAM; FICC was performed using

the MAB to the epithelial antigen Ep-CAM conjugated to the Alexa Flour 488 fluorochrome.
Results. FICC test performed using the Biochip-SER test system, showed 100% diagnostic sensitivity and 89% specificity.
Conclusion. FICC test carried out with MAB to the Ep-CAM antigen conjugated with Alexa Flour 488 using the Biochip-SER system is
a reliable method for diagnosing tumors by testing effusion fluids, which allows us to recommend this system for practical use in specialized

institutions and primary points of care.
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Introduction

Detection of metastatic tumor cells in exudates is
highly important because it allows for early diagnosis and
a timely started treatment. Serous cavities of a human
body are lined with epithelial cells of mesenchymal
origin (mesothelium). In disease (neoplasia, infectious
or systemic diseases), the mesothelium becomes
polymorphic and even atypical due to its reactive
proliferation [1]. The morphological variability of reactive
mesothelium complicates the differential diagnosis
between malignant mesothelioma and carcinoma
metastases, which calls for using additional diagnostic
means.

In a healthy person, there is about 10 ml of serous

fluid in the pleural cavity, about 1-2 ml — in the
pericardial space, and up to 50 ml — in the peritoneal
cavity [2]. It is commonly accepted that an excess
volume of fluid in the cavities is a sign of pathology and
can serve an indication for a diagnostic puncture.
Malignant diseases are often accompanied by effusion
into the pleural and peritoneal cavities; in such exudates,
tumor cells can be detected. In men, the detection rate is
49% in lung cancer, followed by leukemia and malignant
lymphomas (21%), carcinomas of the digestive system
(7%) and the genitourinary system (6%). In women,
pleural and peritoneal exudates are detected twice more
often, especially with the progression of breast (37-50%)
and ovarian (20%) cancer, and less likely with malignant
lymphomas (8%) and Gl carcinomas (4%) [3].
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By now, cytological examination is the only diagnostic
means to confirm or refute the malignant nature of the
exudate, however, its reliability varies from 60 to 96% [2,
4, 5].

When assessing the morphology of serous effusions,
the presence of polymorphic cells with severe nuclear
atypia and characteristic cell clusters (acinar, micro-
papillar, spherical, etc.) enables the diagnosis of a
malignant tumor with confidence. However, the diverse
cellular composition of the exudate — the presence of
proliferating mesothelial cells, lymphoid and histiocytic-
macrophage elements, leukocytes, and tumor cells
morphologically similar to the cells of the mesothelium —
may raise doubts about the nature of the effusion.

Difficulties in discerning between the reactive
mesothelium, mesothelioma or metastatic cancer in
most cases can be overcome using additional methods:

immunocytochemistry,  cytogenetic  analysis, flow
cytometry, electron microscopy, etc. [6-8].
In immunocytochemistry, monoclonal antibodies

(MAB) to the surface epithelial antigen Ep-CAM (clone
Ber-EP4) are often used to resolve controversial
diagnostic situations. Ep-CAM is a transmembrane
protein consisting of two molecules of glycoproteins with
molecular masses of 34 and 39 kDa; the protein is found
in the membrane and the cytoplasm of normal epithelial
cells, carcinoid cells and carcinomas of various origins
[9, 10]. Ep-CAM is not expressed in most non-epithelial
tumors, in mesothelial cells, hepatocytes or lymphocytes.
In combination with other markers, Ep-CAM can be
used to confirm the epithelial origin of a tumor in the
differential diagnosis between adenocarcinoma (AC) and
mesothelioma [11, 12].

Immunocytochemical assays using MAB to Ep-
CAM showed high sensitivity, specificity and predictive
power in detecting A: those were 80, 94 [13], and 96%,
respectively [14]. In studies conducted in the Russian
Federation, using the Ep-CAM marker increased the
sensitivity and specificity of cytological diagnosis of AC
to 96 and 99%, respectively [15].

Promising results have been obtained using Ep-
CAM in the differential diagnosis between AC and
mesothelioma: the reaction is positive in 100% of
adenogenic lung carcinomas, in 100% of squamous cell
carcinomas, in 93% of non-lung carcinomas, in 67% of
urothelial carcinomas and in 84% of metastatic ACs with
unknown primary tumor location. In mesothelioma cells,
the expression of Ep-CAM was detected in 18-26% of
observations [16, 17], and this expression was focal in
nature, i.e., it was observed only in part of the tumor
cells.

Today, immunocytochemical studies include the
method of fluorescent immunocytochemistry (FICC),
which allows for intraoperative testing of exudates,
thanks to its time-saving technique and confirmed
efficacy. Thus, Japanese authors [18] compared
different immunocytochemical modalities: standard
(SICC), standard and urgent intraoperative FICC using
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Figure 1. Appearance of the Biochip-SER test
system

64 fluid samples (35 washings from peritoneal cavities
and 29 ascitic effusions) obtained from patients with
various non-neoplastic pathologies and malignant
diseases. In the SICC and FICC assays, they used the
following markers: Ber-EP4, CEA, EMA, and MOC-31;
of those, the Ber-EP4 and MOC-31 clones were the
most significant in diagnosing the tumorous nature of
the effusion. These markers were highly expressed in
AC cells, but completely absent in cells of the reactive
mesothelium: in 92% of the AC cases (12 of 13), the
cells were Ber-EP4/MOC-31 positive.

According to our own data, the use of SICC and
FICC with Ep-CAM (Ber-EP4) increases up to 100% the
sensitivity and specificity of the cytological method in
testing effusions and washes [5].

Taking into account the high sensitivity and specificity
of the MAB to Ep-CAM (Ber-Ep4 clone), this marker was
selected for this study to identify AC cells using SICC
and FICC.

In order to improve cytological and
immunocytochemical methods, we developed a test
system called Biochip-SER. This system represents a
high-tech medical product for conducting FICC-based
analysis and research [19]. It consists of two main
parts: working and functional (Figure 1). The working
part is a transparent glass pad with dimensions of
25.4x76.2 mm and a thickness of 1 mm. The pad is
coated with a positively charged material; it is divided
into 15 equal wells by means of a plastic grid. Each well
contains MAB to Ep-CAM (Ber-EP4 clone) conjugated
with Alexa Flour 488 fluorochrome with an excitation
waveband of 468-509 nm and emission at 504-541 nm.
To preserve antibodies in a humid environment, 0.1 pl
of PBS (phosphate buffer) is added to each cell and
a hydrophobic film is applied on top of the working
surface, preventing it from drying out. Depending on
the density of tumor cells in the biological sample, the
number of cells added to the test system may vary. If
the number of tumor cells is too small, all 15 biochip
wells can be used.

A certain part of the biochip surface has no specific
coating; it is intended for marking (QR code) and
handling in the course of manipulations.

The aim of the study was to evaluate the
Biochip-SER test system for its ability to measure
the expression of Ep-CAM antigen by fluorescent
immunocytochemistry.
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Materials and Methods

We conducted 64 cytological, 64 standard
immunocytochemical (SICC) and 64 fluorescent
immunocytochemical (FICC) tests using the Biochip-
SER system and samples from 59 patients with tumor
and non-tumor pathology. The study included 8 men
(aged 33-67 years) and 51 women (aged 29-88
years) and conducted in accordance with the Helsinki
Declaration (2013); the protocol was approved by
the Ethics Committee of the N.N. Blokhin Russian
Cancer Research Center. Informed consent was
obtained from each patient. Cellular components of 45
effusions (26 ascites, 17 pleurisy samples, 2 pericardial
effusions) and 19 peritoneal washings were tested.
Two patients were sampled twice, and three patients
had pleural and peritoneal effusions (Table 1). Of the
59 patients, 57 individuals (96.6%) had oncological
history (serous papillary ovarian cancer, borderline
ovarian tumor, endometrial AC, breast cancer, colon
cancer, gastric cancer, lung AC, mesothelioma, small
cell lung cancer), in 2 patients (3.4%) no tumor was
detected (1 case of hepatic echinococcosis and 1 —
uterine tube endometriosis). Among patients with tumor
pathology, 7 (12.3%) were diagnosed with primary
multiple malignant neoplasms. Only in 42 of 59 patients,
the presence/absence of the tumor spread into the
peritoneum/pleura was histologically verified; in two
patients with non-neoplastic pathology (endometriosis,
echinococcosis) the diagnoses were also confirmed.

Although Ep-CAM was known for its highest
expression in AC cells, its expression in other tumors
and cells of the reactive mesothelium was also of
interest.

We considered all the studied material to be
informative since we used only the sediments with high
cellularity for testing by the SICC and FICC.

The study was carried out in four stages: stage
1 — cytology; stage 2 — SICC; stage 3 — FICC with
the Biochip-SER test system; stage 4 was a control
cytological examination using the Biochip-SER system.

For the cytological, SICC and FICC studies, a
concentrated cell suspension was used; that was
prepared by centrifuging the sediment formed by
spontaneous cell sedimentation while the biological
fluid sample was standing. The precipitate was placed
in a 10 ml centrifuge tube and spun at 2000 rpm for
10 min in an OPN-3M centrifuge (ELMI Ltd., Latvia).
The supernatant was decanted, leaving up to 1 ml
of cell suspension. The contents of the tubes were
resuspended or vortexed to obtain a homogeneous
cell suspension, which was then placed (in a volume
of 50-80 pl, depending on cell density) into Cytospin-3
cytocentrifuge cuvettes (Thermo Scientific Shandon,
United Kingdom) and spun at 1500 rpm for 10 min.

A series of monolayer smears was prepared:
for the cytological study, 2 smears were stained by
Romanovsky-Leishman; additional 2 smears were
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tested by SICC with MAB to the Ep-CAM epithelial
antigen, clone Ber-EP4 (Dako, USA). The presence of
membrane staining in tumor cells indicated a positive
expression of Ep-CAM.

To confirm the diagnosis and differential diagnosis,
in several cases (n=9), the SICC study was performed
with MAB to the WT-1 antigen, clone 6F-H2, titer
0.7:100 (Cell Marque Corp., USA), MAB to calretinin,
Calret clone, titer 1:100 (Dako, United States), MAB to
mesothelin, clone NCL-L-MESO, titer 1:40 (Novocastra
Laboratries, UK), MAB to HBME-1 mesothelial antigen,
HBME-1 clone, titer 1:40 (Cell Marque Corp., USA),
MAB to desmin, clone D33, titer 1:100 (Cell Marque
Corp., USA), MAB to TTF-1, clone G7G3/1, titer
0.7:100 (Cell Marque Corp., USA), MAB to CK7, OV-
TL 12/30 clone, titer 0.7:100 (Cell Marque Corp., USA),
MAB to synaptophysin, clone MRQ-40, titer 0.7:100
(Cell Marque Corp., USA), MAB to the epithelial-
related antigen, MOC-31 clone, titer 1:60 (Dako,
United States). All SICC assays were performed using
a BenchMark ULTRA immunohistostainer (Ventana,
USA).

To perform FICC using the Biochip-SER system,
a 10% solution of rheopolyglucin was added to the
residual cell suspension at a ratio of 1:9 (in order
to reduce the background staining and leveling the
autofluorescence effect) and centrifuged again for
10 min. The supernatant was removed to leave a
residual volume of 0.6-0.8 ml. After removing the
protective film from the biochip surface, the cell
suspension was added in a volume of 30 pl to each well.
When the biological material was added to the wells, a
direct immunocytochemical reaction “antigen—antibody”
took place, and the product was determined by
fluorescence. For the uniform distribution of the material
and acceleration of the “antigen—antibody” reaction, the
contents of the wells were thoroughly mixed, and the
biochip was incubated for 30 min in a hybridizer (using a
thermostat or thermo shaker is also possible). Then, the
reaction products were evaluated using an Axio Imager
Z2 fluorescence microscope (Carl Zeiss, Germany) with
FICC and DAPI filters.

The expression of the Ep-CAM antigen was measured
in each of the wells of the test system according to the
following criteria:

the presence or absence of specific membrane
luminescence in the tumor cells;

the number of reacting cells;

fluorescence intensity.

Subsequently (stage 4), the biochip was stained in the
traditional way (according to Leishman) for the control
cytological examination. In all cytological preparations,
the diversity of the cell composition, the density of tumor
cells in the material, the characteristic morphological
features and the architectonics of the tumor were
evaluated. Microscopy was performed using an Eclipse
Ci light microscope (Nikon, Japan) at 100, 200, 400, and
1000 magnifications.
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Table 1
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Clinical and morphological characteristics of the biological material

Patient Age Material — . . Final cytological result C .
No. Sex (years) number of samples Primary cytological result (after SICC) Clinical diagnosis
Washes — 6
1-21 F 29-88 Pleurisy — 4 Ovarian cancer
Ascites — 12
22 F 47 Ascites Ovarian carcinosarcoma
23 F 89 Wash Cervical cancer
u% F  5ieg  Ledrisy—T Uterine cancer
Washes — 2
271-29  F-2, 33-59 Pleurisy
M1 Breast cancer
30 F 59 Ascites
: . Primary multiple malignant
3 F 4 Pleurisy, ascites Adenocarcinoma Adenocarcinoma neoplasms
32 F 62 Ascites
33 F 50 Ascites Colon cancer
Wash — 1
M-4, . :
34-39 Fo 35-70 Ascites — 4 Gastric cancer
Pericarditis — 1
40 M 57 Pleurisy
41 M 52 Pericarditis ,
i , Lung adenocarcinoma
42 F 64 Pleurisy, ascites
43 F 88 Pleurisy
44 F 49 Pleurisy Reactive mesothelium Breast cancer
45 M 54 Pleurisy Small cell lung cancer Small cell lung cancer Small cell lung cancer
46 F 29 Wash
47 F 34 Wash ; Adenocarcinoma Ovarian cancer
48 F 53 Pleurisy Suspected adenocarcinoma
49 F 70 Wash Reactive mesothelium Uterine cancer
50 F 50 Wash Endometriosis
51 F 58 Ascites, pleurisy Echinococcosis
52 F 50 Wash Reactive mesothelium Reactive mesothelium Breast cancer
o 7 i e Uterine cancer
54 F 65 Wash
55 F B8 Ascites Mesothelioma :
; Mesothelioma
56 F 87 Ascites — 2 :
S fed theli Mesothelioma E—
m iom
57 F 71 Pleurisy uspected mesotnelioma leura mgtastases -
with no primary source identified
58 F 55 Wash Suspected borderline ovarian ~ Suspected borderline ovarian ~ Borderline ovarian cancer
59 F 41 Wash cancer cancer

Results and Discussion

Cytological studies (stage 1). The results can be
grouped as follows.

1. Confident conclusion about the presence of
tumor cells (n=51). The biological sample was highly
cellular. In accordance with the nosology, characteristic

Fluorescent Immunocytochemistry of Ep-CAM Antigen for Tumor Cell Detection

morphological features of tumor cells and their clusters
were observed.

2. The presence of tumor cells suspected (n=7).
This uncertain conclusion was due to:

the presence of isolated cells morphologically similar
to tumor cells (n=2);

heterogeneous with a

cellular  composition
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pronounced lymphocytic-histiocytic reaction (n=2);

cells of the reactive proliferating mesothelium
suspected of mesothelioma (n=2), or clusters of
tumor cells that are difficult to ascribe to either AC or
mesothelioma (n=1).

3. Confident conclusion about the absence of
tumor cells (n=6). In all observations of this group, the
cytograms were represented by unstructured clusters
and layers of mesothelium cells.

The SICC results (stage 2). The use of SICC allowed
us to confirm the cytological diagnosis in 56 cases, to
clarify it in 6 and to avoid overdiagnosing — in 2 cases
(see Table 1).

To assess the sensitivity and specificity of the
cytological method in detecting AC, we excluded
those cases where mesothelioma was confidently or
highly likely diagnosed (n=4), tumors with borderline
malignancy (n=2) and small cell cancers (n=1).
Therefore, of 64 cases subjected to cytological analysis,
we selected 57 for the SICC studies. The SICC test with
the MBA to Ep-CAM (n=57) allowed us to confirm the
cytological conclusion “adenocarcinoma” in 46 cases,
and also to confirm 2 observations earlier defined as
suspicious of AC (Table 2).

Since there were no false-negative cytological results,

Table 2

Ep-CAM expression as determined
with the standard immunocytochemical study

. . Ep-CAM Number
Primary cytological result ex;?ression of cases
Adenocarcinoma (n=47) — 1
+ 46
Suspected adenocarcinoma (n=4) — 2
+ 2
Reactive mesothelium (n=6) = 6
i 0

the sensitivity of cytological diagnosis was 100%. The
group of false-positive cytological findings included 2
observations suspicious of AC that were not confirmed
in the SICC, as well as one case with a confident
conclusion about a metastasis of adenogenic cancer.
Thus, the specificity of the cytological method was only
67%. However, this figure can only be considered as
preliminary because the number of patients was too
small to make generalizations.

In borderline ovarian tumors (n=2), positive
expression of Ep-CAM was observed in both cases. In
all cases with affirmative or presumptive conclusions
about mesothelioma (n=4), as well as dissemination of
small cell lung cancer in the pleura, the reaction with
Ep-CAM was negative. The diagnosis of epithelioid cell
mesothelioma was confirmed by SICC results showing
a positive expression of calretinin, mesothelin, WT-1,
HBME and a negative expression of MOC-31 and
desmin. In our SICC assay, small cell carcinoma was
characterized by a positive expression of TTF-1 and
synaptophysin (previously, histogenesis of this tumor
was confirmed immunohistochemically).

FICC studies using the Biochip-SER test system
(stage 3). FICC performed with the Biochip-SER system
showed a 100% diagnostic sensitivity: in all cases of
AC, confirmed by the SICC, positive expression of Ep-
CAM antigen was detected. The test specificity was
89%; in just one observation, the results of the FICC and
SICC did not match each other (a positive reaction was
found only with the biochip). In this specific case, a later
dissemination of the tumor was histologically detected,
which confirmed the FICC result.

It is important to add a few comments that may be
useful while working with the Biochip-SER test system.
Thus, due to the impact of radiation or chemotherapy,
tumor cells undergo dystrophic and degenerative
changes, which affect the fluorescence pattern of the
membrane-bound Ep-CAM. The fluorescent signal,
therefore, may have a varying intensity (from low to

Figure 2. Patient I., 50 years old. Clinical diagnosis:
“gastric cancer, ascites”:

(a) cytological examination: metastasis of signet ring cell
cancer, x200; (b) SICC: positive Ep-CAM expression,
x200; (c) FICC using the Biochip-SER: positive Ep-CAM
expression, x200; (d) control cytological examination
using the biochip: metastasis of signet ring cell
carcinoma, x200
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Figure 3. Patient K., 59 years old. Clinical diagnosis:
“ovarian cancer, ascites”:

(a) cytological examination: metastasis of serous
papillary cystadenocarcinoma of the ovary, x200;
(b) SICC: positive Ep-CAM expression, x200;

(c) FICC using the Biochip-SER: positive Ep-CAM
expression, x200; (d) control cytological examination
using the biochip: metastasis of serous papillary
cystadenocarcinoma of the ovary, x200

moderate). This phenomenon may complicate the
detection and identification of tumor cells.

Control cytological study using the Biochip-SER
system. In this study, we noted a good preservation of
tumor cell morphology and cell cluster architectonics.
The distribution of cellular elements in the chip wells was
not uniform: the largest number of cells accumulated
in the corners of the wells; this is well illustrated by the
examples shown in Figures 2 and 3.

Thus, the present study showed highly comparable
results of the FICC and SICC tests in probing the
expression of Ep-CAM. Besides, using the Biochip-SER
test system adds more advantages to the FICC assay:

time saving — the test takes about 60 min including
the sample preparation (vs. 180 min in SICC);

the ability to perform a control cytological test using
the same chip: after FICC it is stained in the traditional
way;

the fluorochromes used in this study have a long term
fluorescence;

low cost, saving reagents and consumables;

there is no need to use a visualization system or
diaminobenzidine (which is carcinogenic);

possible use of telemedicine — the pre-analytical
stage can be conducted by a trained nurse at a primary
care point; later the scanned image can be transmitted
to a specialized reference center.

Conclusion

In this study, we demonstrate a novel technology
to facilitate the differential diagnosis of metastatic
adenocarcinomas, mesotheliomas, and reactively
altered mesothelium by testing biological fluids from
serous cavities. The proposed Biochip-SER test system
combined with the fluorescent technique and the use
of MAB to Ep-CAM has a number of advantages in
comparison with the current FICC assay commonly

Fluorescent Immunocytochemistry of Ep-CAM Antigen for Tumor Cell Detection
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used for diagnosing a tumor process in effusion fluid.
The results allow us to recommend the Biochip-SER for
diagnostic use both in specialized institutions and at the
primary care centers.

Research funding. This work was carried out with
the support of the SPE Biochip.
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