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Abstract: The main focus of the study was to detect circulating tumor cells (CTCs) in ovarian cancer (OC) patients 
using a new methodological approach (MetaCellTM) which is based on size-dependent separation of CTCs and sub-
sequent cytomorphological evaluation. Cytomorphological evaluation using vital fluorescence microscopy approach 
enables to use the captured cells for further RNA/DNA analysis. The cytomorphological analysis is then completed 
by gene expression analysis (GEA). GEA showed that relative expression of EPCAM is elevated in CTC-enriched frac-
tions in comparison to the whole peripheral blood sample and that the expression grows with in vitro cultivation 
time. Comparison of the relative gene expression level in the group of peripheral blood samples and CTC-fraction 
samples confirmed a statistically significant difference for the following genes (p < 0.02): KRT7, WT1, EPCAM, 
MUC16, MUC1, KRT18 and KRT19. Thus, we suggest that the combination of the above listed genes could confirm 
CTCs presence in OC patients with higher specificity than when GEA tests are performed for one marker only. The 
GEA revealed two separate clusters identifying patients with or without CTCs. 
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Introduction

Circulating tumor cells (CTCs) are tumor cells 
shed from primary and metastatic sites that cir-
culate in the peripheral blood and can be 
detected by many advanced methods. The cells 
are present not only in patients with distant 
metastases, but also in patients with early, 
localized tumors. It is important to develop and 
optimize CTCs detection methods for future 
management of malignant diseases, especially 
to enable real-time monitoring of treatment effi-
cacy and identification of new therapy targets 
and resistance mechanisms.

Recent studies have indicated the presence of 
a CTCs subpopulation that shows features of 

Epithelial-mesenchymal transition (EMT) in 
patients with epithelial origin tumors [1, 2] and 
the importance of detecting new markers which 
are not downregulated by the induction of EMT, 
enabling CTCs capture.

The main focus of the study was to detect CTCs 
in ovarian cancer (OC) patients using a new 
methodological approach which is based on 
size-dependent separation of CTCs and subse-
quent cytomorphological evaluation. Cytomor- 
phological evaluation using vital fluorescence 
microscopy approach enables to use the cap-
tured cells for further RNA/DNA analysis. The 
cytomorphological analysis is then completed 
by gene expression analysis.
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Materials and methods

Patients

To date 40 patients with diagnosed OC have 
been enrolled in the gene expression study in 
accordance with the Declaration of Helsinki. All 
patients were candidates for surgery or surgical 
diagnostics. Based on informed consent, clini-
cal data were collected from all participating 
patients. For each patient, approximately 8 mL 
of venous blood was drawn from the antecubi-
tal veins and placed into S-Monovette tubes 
(Sarstedt AG & Co., Numbrecht, Germany) con-
taining 1.6 mg EDTA/mL blood as an anticoagu-
lant. The samples were processed at room tem-
perature using an isolation procedure com- 
pleted within 24 hours after the blood draw.

CTCs enrichment and culture

A size-based separation method for viable CTCs 
enrichment from peripheral blood has recently 
been introduced (MetaCell®, MetaCell s.r.o., 
Ostrava, Czech Republic) [3, 4]. The size-based 
enrichment process is based on the filtration of 
peripheral blood through a porous polycarbon-
ate membrane (with pores of 8 μm diameter). 
The minimum and maximum volume of the fil-
tered peripheral blood may be adjusted up to 
50 mL with fluid. The standard 8 mL peripheral 
blood sample from patients suffering from OC 
was transferred into the filtration tube. Gradual 
transfer of the blood in several steps is pre-

ferred to prevent blood clotting on the mem-
brane filter. The peripheral blood flow is sup-
ported by capillary action of the absorbent 
touching the membrane filter. The filtered CTCs 
were observed immediately after filtration on 
the membrane. The control and presence of fil-
tered CTCs immediately after isolation elimi-
nates false negative results of the examination. 
The membrane filter is kept in a plastic ring that 
is transferred into the 6-well cultivation plate, 4 
mL RPMI media is added to the filter top and 
CTCs are cultured on the membrane in vitro 
under standard cell-culture conditions (37°C, 
5% atmospheric CO2) and observed by inverted 
microscope. The CTCs were grown in FBS-
enriched RPMI medium (10%) for a minimum of 
3-6 days on the membrane. Alternatively, the 
enriched CTCs fraction can be transferred from 
the membrane and cultured directly on any 
plastic surface or a microscopic slide, or the 
separation membrane may be translocated on 
a microscopic slide. Microscopic slide is pre-
ferred if immunohistochemistry/immunofluo-
rescence analysis is planned. If an intermedi-
ate CTCs-analysis is awaited, the CTCs-fraction 
is transferred in PBS (1.5 mL) to a cytospin 
slide. The slide is then dried for 24 hours and 
analyzed by histochemistry (May-Grünwald 
staining) and/or by automated immunohisto-
chemistry protocols (Ventana, Benchmark 
Ultra, Roche) using standard differential diag-
nostic antibodies in the pathological evaluation 
process.

Figure 1. CTCs isolated from patients with ovarian carcinoma, captured on the separation membrane (vital fluores-
cent staining - NucBlue® and Celltracker®). Bar represents 10 µm.
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Cytomorphological analysis

The stained cells captured on the membrane 
were examined using fluorescence microscopy 
in two steps: (i) screening at x20 magnification 
to locate the cells; (ii) observation at x40/x60 
magnification for detailed cytomorphological 
analysis. Isolated cells and/or clusters of cells 
of interest (immunostained or not) were select-
ed, digitized, and the images were then exam-

whole blood (PK) and subsequently to confirm 
the origin of the cells on the separation 
membrane.

GEA allows up to 20 tumor-associated markers 
in RNA from different cell fractions to be tested 
within a single quantitative polymerase chain 
reaction (qPCR) run. Differential diagnostics 
markers for qPCR test are chosen in accor-
dance with the suspected diagnosis.

Figure 2. CTCs captured on the separation membrane after immunohistochemistry staining (WT-1 antibody) on 
Benchmark Ultra automat (Ventana, Roche). Bar represents 10 µm.

Figure 3. Relative expression of EPCAM RNA in peripheral blood and CTC frac-
tions compared after qPCR analysis.

ined by an experienced 
researcher and/or patholo-
gist. CTCs were defined as 
cells with the following ch- 
aracteristics: (i) with a nu- 
clear size ≥10 μm); (ii) irreg-
ular nuclear contour; (iii) 
visible cytoplasm, cells size 
over 15 μm; (iv) prominent 
nucleoli; (v) high nuclear-
cytoplasmic ratio; (vi) prolif-
eration, (vii) actively invad-
ing cells creating 2D or 3D 
cell groups.

Gene expression analysis 
(GEA)

The key purpose of GEA is 
to compare gene expres-
sion of tumor-associated 
markers in the CTC-enri- 
ched fractions to that in the 
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RNA is isolated from the whole blood and CTC-
enriched fraction on the membrane. There are 
two CTC-enriched fractions: the CTC enriched 
fraction of cells stored immediately after sepa-
ration process (the so-called “virgin CTCs” - PK 
IZO) and/or the CTC enriched fraction of cells 
grown on the separation membrane in vitro (the 
so-called “membrane fraction” - PK SK). Some 
of the cells grown on the membrane in vitro 
may overgrow the membrane and set up a new 
cell culture on the culture-well bottom. These 
cells are analyzed as the “bottom fraction” (PK 
DK).

Finally, the CTC-gene expression analysis allows 
identification of the relative amount of tumor-
associated markers in the whole blood and in 
CTC-enriched fractions. If the tumor-associated 
genes are highly expressed in the CTC fraction, 
a subsequent analysis of chemoresistance-
associated genes is performed. Molecular 
analysis allows identification of which type of 
the chemotherapeutic agents may be of use in 
tumor therapy and assigned as personalized 
cancer therapy based on CTC.

The cells captured on the membrane are lysed 
by RLT-buffer with beta-mercapto-ethanol (Qia- 
gen). RNA is then isolated using the RNeasy 
Mini Kit (Qiagen). The RNA from the whole blood 
is isolated with a modified procedure and the 
quality/concentration of RNA is measured by 

NanoDrop (ThermoScientific). As there are only 
a few hundred cells on the membrane, the 
median concentration of RNA is quite low  
(5-10 ng/µl). High Capacity cDNA Reverse 
Transcription Kit (Life Technologies) was used 
for cDNA production. GEA was performed using 
Taqman chemistry with Taqman MGB-probes 
for all the tested genes (Life Technologies).

The following genes associated with tumorigen-
ic character and therapeutic potential in ovari-
an cancer were chosen for the multimarker 
GEA panel: EPCAM, MUC1, MUC16, KRT18, 
KRT19, WT1, VEGFA, HER2. Additionally, genes 
associated with chemoresistance were tested 
(MRP1-10, MDR1, ERCC1, RRM1, RRM2).

Statistical analysis

All analyses were performed using clinicopath-
ological information transformed into variables 
0 and 1 if applicable for tested characteristics. 
Chi-squared test, t-tests, cluster analysis and-
correlation analysis were outperformed using 
GeneX (MultiD, SE) and GraphPadPrism vs. 5 
(Graphpad, US). P-value of less than 0.05 was 
considered as statistically significant.

Results

The main focus of the study was to detect CTCs 
in OC patients by a new methodological appro- 

Figure 4. Comparison of averaged relative RNA expression for the genes, shown for all sample types (1-4). Sample 
type 1 (Peripheral Blood), Sample type 2 (CTC fraction stored immediately after separation process), Sample type 3 
(CTC fraction after in vitro culture), Sample type 4 (bottom fraction - cells overgrowing the membrane).
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ach which is based on size-dependent separa-
tion of CTCs and subsequent cytomorphologi-
cal evaluation. Cytomorphological evaluation 
using vital fluorescence microscopy approach 
(Figure 1) enables the use of the viable cap-
tured cells for further RNA/DNA analysis.

Patients diagnosed with different stages of 
ovarian cancer (OC) (n=56) were included in the 
study in 2014-2015. Cytomorphological analy-
sis revealed that 58% were CTC-positive pa- 
tients and 42% were CTC-negative patients. 
The results were confirmed by gene expression 
analysis with a slightly different ratio of CTC-
positive and CTC-negative patients. The results 
of cytomorphological analysis were in agree-
ment with multimarker gene expression analy-
sis results in 92% of tested samples. The 
remaining 8-10% of “misdiagnosed patient 
samples” were re-analyzed by independent re- 
searchers.

There is a high potential hidden in the combina-
tion of cytomorphological and molecular analy-
sis of CTCs in OC, especially due to the chemo-
resistance-gene analysis and automated immu- 

nohistochemistry protocols (Figure 2). Automa- 
tion of immunohistochemistry staining could be 
a step needed for standardization of CTC-
testing in clinical diagnostics.

Some patients were tested longitudinally so 
that we were able to analyze their CTCs through-
out the whole year and demonstrate how CTCs 
evolve over time and during disease recurr- 
ence.

GEA showed that relative expression of EPCAM 
is elevated in CTC-enriched fractions in com-
parison to the whole peripheral blood sample 
and that the expression grows with in vitro cul-
tivation time (Figure 3). Similarly, the increase 
in relative gene expression in the CTC-enriched 
fractions has been observed for KRT7, KRT18, 
MUC16 and WT1 in addition to EPCAM (Figure 
4). Comparison of the relative gene expression 
level in the group of peripheral blood samples 
(Sample type 1) and CTC-fraction samples (3 
days of in vitro culture - Sample type 3) con-
firmed a statistically significant difference for 
the following genes (p < 0.02): KRT7, WT1, 
EPCAM, MUC16, MUC1, KRT18 and KRT19 

Figure 5. Comparison of the relative gene expression level for the listed genes 
in the group of peripheral blood (Sample type 1) and CTC-fraction (after 3 days 
of in vitro culture - Sample type 3). Gene expression levels are relative to the 
whole peripheral blood data averaged for the patients group. A significant dif-
ference was noted for the following genes (p < 0.02): KRT7, WT1, EPCAM, 
CD68, MUC16, MUC1, KRT18 and KRT19. Thus, we suggest that the combina-
tion of the above listed genes should confirm CTCs presence in OC patients 
with higher specificity than when tests are performed for one marker only. 
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(Figure 5). Thus, we suggest that the combina-
tion of the above listed genes should confirm 
CTCs presence in OC patients with higher spec-
ificity than when GEA tests are performed for 
one marker only.

If evaluated in an individual patient case, the 
GEA-cluster analysis shows that the highest 
EPCAM expression has been confirmed for the 
“membrane fraction” (sample type 3) (Figure 
6). That is why all the “membrane fractions” 
(cells captured on the membrane and cultured 
in vitro) were compared together. The analysis 
revealed two separate clusters identifying 
patients with or without CTCs (Figure 7).

Discussion

The development of personalized treatment for 
patients with cancer depends on the specifica-
tion of the molecular character of their disease. 
Therefore, there is a need to monitor tumor 
evolution and mechanism of treatment resis-
tance. One of the approaches complementing 
traditional biopsy sampling could be the detec-
tion and analysis of CTCs.

The two most used enrichment techniques are 
the size-based filtration method and immuno-

tach from the primary tumor and circulate into 
the bloodstream [6, 7].

Several lines of evidence have recently demon-
strated that CTCs may adopt different strate-
gies to protect themselves from the cell death 
fate, changing their phenotype from epithelial 
to mesenchymal, grouping into cell clusters or 
switching between the cancer stem cell state 
and the differentiated state of cancer cells [9]. 
Further studies widely demonstrated that 
EpCAM negative CTCs with mesenchymal cell 
like phenotype and downregulation of epithelial 
markers are frequently derived from EpCAM-
positive primary tumors [10].

In contrast to the above, filtration methods are 
based on physical properties that allow size-
based isolation of CTCs. The size-based  
method is an easy process which makes use of 
classic cytopathology evaluation criteria. 
Further gene-expression studies in CTCs are 
essential to determine tumor heterogeneity 
linking phenotypic differences. However, it is 
more difficult to preserve RNA than DNA, and 
the presence of wild-type DNA or RNA from 
WBC is a technical hurdle. As reported above, 

Figure 6. Cluster analysis for patient - RNA relative amount (log2) of tested 
genes in all of the tested fracions is shown in colours ( please refer to the colour 
scale on the left). Tested fractions (peripheral blood PK), CTC after isolation 
(PK IZO), CTC after culture (PK SK), CTC overgrowing the membrane (PK DK). 
The highest expression of EPCAM was detected in PK SK fraction CTCs on the 
separation membrane.

magnetic antigen-depen-
dent method. The immu- 
no-magnetic method is 
dependent on epithelial 
cell adhesion molecule 
(EpCAM), a tumor antigen 
highly expressed in epi- 
thelial cancers and at lo- 
wer levels in normal epi- 
thelia [5]. EpCAM has 
always beenconsidered the 
ideal marker for the detec-
tion of CTCs in the peri- 
pheral blood of cancer 
patients.

The changes in CTCs phe-
notype are increasingly 
being recognized and it is 
clear that CTCs represent a 
heterogeneous entity. In- 
deed, a large amount of 
data demonstrates that in 
cancer the expression of 
epithelial surface markers 
might be transiently lost 
during the EMT process, to 
enable tumor cells to de- 
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the method of isolating viable CTCs followed by 
three days’ incubation was used. The method-
ology protocol presented in this paper ensures 
a straightforward CTC-identification by combin-
ing cytomorphology, gene expression analysis 
and automated immunohistochemistry. It is 
very likely to be implemented into clinical rou-
tine, especially in the accredited pathology lab-
oratories using automated immunohistochem-
istry staining.

GEA enables the researchers to detect  
changes in CTCs on a molecular level and thus 
to create an individual profile for each patient 
and to personalize the treatment.
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