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Abstract:

immunofluorescence.

Immunofluorescence is a unique immunochemical technique that combines the detailed morphological testing and the
use of the specificity of an immunological response. The advantage of immunofluorescence is its high sensitivity and
resolution. We have studied cell smears of the venous blood filtrate of cancer patients by immunofluorescence, and the
isolation of the circulating tumor cells (CTCs) by the device for blood microscreening confirmed the results of

Key Words: immunofluorescence, circulating tumor cells, the device for blood microscreening.

Introduction

Modern science and technology achievements have significantly
expanded the capabilities of recognizing malignant tumors (MT),
however, due to the constant search for new more advanced
diagnostic methods, the interest of researchers in circulating cancer
cells (CTCs) does not wane.

Unfortunately, it is not always possible to detect cancerous cells in
the circulating blood. Such traditional biological method for
detecting carcinemia as inoculation experimental animals with tumor
by blood indicate that carcinemia is a natural phenomenon. In some
cases, tumor blood transplantability reached 100% [1]. However,
given that the number of CTCs is very small, the reliable systems
with high reproducibility will allow accurately identifying and
monitoring them in dynamics. To date, there are few such systems
suitable for clinical use. One of them is the CellSearch system — a
semi-automatic device that uses immunomagnetic sorption to detect
CTCs. The advantages of this system are the reproducibility of data

in different laboratories and the ability to identify CTCs in various
types of cancer [2]. Newer technologies take advantage of specific
epithelial-coated antigens like epithelial cell adhesion molecule
(EpCAM) to selectively capture CTCs. CellSearch is the only
clinically validated, FDA-cleared system for identification,
isolation, and enumeration of CTCs for prediction and treatment
monitoring in metastatic breast, prostate and colorectal cancer. The
method is based on immunomagnetic separation [3, 4, 5], when
EpCAM conjugated magnetic beads are used to capture EpCAM-
positive CTCs from the blood under the influence of a magnetic
field. And although many clinical studies have confirmed its
predictive value, the analysis is expensive and labour-intensive,
which, unfortunately, limits its wider use.

Isolation of CTCs from venous blood based on cancer cell size
through microfiltration has proven to be a potentially effective,
inexpensive, and rapid method for isolating cancer cells [6, 7, 8, 9].



Materials and Methods

We carried out the hemofiltrocytological test in patients with
abdominal and lung tumors to detect CTCs in peripheral venous
blood (patent for invention No. 2425385 of the Federal Service for
Intellectual Property, Patents and Trademarks). The technique we
used consisted in microfiltration of peripheral venous blood
followed by a cytological examination of the smears obtained from
venous blood filtrate in order to determine the CTCs in it.
Microfiltration was carried out using a device for blood
microscreening, which has a filter with a pore diameter of 6000
nanometers (patent for invention No. 2414710 of the Federal Service
for Intellectual Property, Patents and Trademarks). To carry out a
hemofiltrocytological test we drew 12 ml of venous EDTA-
stabilized blood of patients with cancer of various locations, and
passed it through a nanofilter with a pore diameter of 6000 nm. Cells
retained on the filter were placed on a glass slide. 3 smears were

obtained from each filtered blood sample. The result of the test was
considered positive (+) if circulating tumor cells were detected in the
smears and, accordingly, negative (-) if circulating tumor cells were
not found in them.

Using immunofluorescence technique, we assessed the presence of
EpCam (CD326)-positive cells in 24 smears obtained from a device
for blood microscreening. For identification of EpCam (CD326)-
positive cells we used the Axiostarplus fluorescence microscope
(CarlZeiss, Germany). For this purpose, fixed smears were treated
with proteinase K (Dako, Denmark) for 15 min at 37°C, washed with
PBS, then incubated with fluorescent nuclear dye Pl (Invitrogen,
USA) and monoclonal antibodies against human EpCam (CD326)
(clone B29.1 (VU-ID9)), labeled with FITC (Abcam, UK) at a
concentration of 5 pg/ml. The result was considered positive, when
there were cells with nuclear red staining (PI) together with a green
label (EpCam-FITC).

A comparative evaluation of the results of immunofluorescence and hemofiltrocytological testing in cancer patients

The results of testing on
Patients Age No. of Smears CTCs EpCAM-positive cells
1-a + T
1 64 1-b - -
1-c + +
2-a - -
2 40 2-b + -
2-C - -
3-a + +
3 75 3-b + +
3-c + +
4-a + +
4 40 4-b + +
4-c + +
5-a + T
5 53 5-b + +
5-c + +
6-a + T
6 46 6-b - -
6-c + T
7-a +
7 43 7-b - -
7-C +
8-a +
8 76 8-b + -
8-c - -

Results and Discussion

As the Table 1 shows, the hemofiltrocytological testing detected
circulating tumor cells in the peripheral venous blood of eight cancer
patients. As mentioned above, 3 smears were obtained from the
filtered blood sample of each patient.

The results were as follows: CTCs were detected in all 3 smears of
three patients (No. 3a-3c; 4a-4c and 5a-5c), in 2 smears of four
patients (No. 1a, 1c; 64, 6¢; 7a, 7c; 8a and 8b), and in 1 smear of one
patient (No. 2b). Such difference in results is explained by the stages
of cancer in the examined patients. There is a direct connection
between the stage of the disease and the severity of carcinemia: the
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higher the stage, the greater the number of CTCs per unit volume of
the peripheral vascular bed [10].

The stage of cancer, as well as the presence or absence of metastases
in regional lymph nodes in the studied patients, were confirmed by
the results of pathohistological examination of the surgical
specimens.

We used immunofluorescence technique to study 24 cell smears
obtained from a device for microscreening of venous blood, which
has a filter with a pore diameter of 6000 nm. Using mouse
monoclonal antibodies against human EpCAM (CD326) (clone
D29.1 (VU-ID9)) labeled with FITC, and nuclear fluorescent dye P,
we detected circulating tumor cells in smears on an Axiostarplus
microscope (CarlZeiss, Germany). Since there were 24 smears, a
total of 24 samples were tested using the immunofluorescence. The
study found that 16 out of 24 samples contained EpCAM-positive
cells.

6 samples of smears (No. 1-b, 2-a, 2-c, 6-b, 7-b and 8-c) with (-)
results for CTCs when examined by immunofluorescence also
showed negative results. The immunofluorescence of two samples
of smears (No. 2b and 8b with (+) results for CTCs) didn’t found
EpCAM npositive cells. Consequently, the percent agreement of all
results for the two compared diagnostic techniques, both positive and
negative for CTCs, was 91.6%.

Thus, the results of immunofluorescence confirm the high efficiency
of isolating circulating tumor cells from venous blood using a
microscreening device with a nanofilter having a pore diameter of
6000 nm.

Conclusions

1. Hemofiltrocytological testing, compared to immunofluorescence,
is an inexpensive diagnostic technique.

2. Hemofiltrocytilogical technique is simple to perform and gives 2.5
times faster results compared to the immunofluorescence.

3. Hemofiltrocytological testing is an effective diagnostic technique,
not much inferior to the immunofluorescence in terms of accuracy in
detecting circulating tumor cells.
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