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Effect of small and radical surgical injury on the level of different 
populations of circulating tumor cells in the blood of breast cancer patients

E. V. KAIGORODOVA1,2,3,*, N. A. TARABANOVSKAYA1, M. N. STAHEEVA1, O. E. SAVELIEVA1, L. A. TASHIREVA1, E. V. DENISOV1,2,  
V. M. PERELMUTER1,3

1Cancer Research Institute, Tomsk National Research Medical Center, Russian Academy of Sciences, 5 Kooperativny Street, Tomsk 634050, Rus-
sian Federation; 2Laboratory for Translational Cellular and Molecular Biomedicine, Tomsk State University, 36 Lenin Prospekt, Tomsk, 634050, 
Russian Federation; 3Siberian State Medical University, Tomsk 634050, Russian Federation

*Correspondence: kaigorodova@oncology.tomsk.ru

Received September 1, 2016 / Accepted November 6, 2016

Circulating tumor cells (CTCs) constitute a heterogeneous population. Some tumor cells are cancer stem cells (CSCs), 
while others are in the process of the epithelial-mesenchymal transition (EMT); however, most CTCs are neither stem cells 
nor in the EMT. This prospective study of 22 patients with nonspecific-type invasive carcinoma of the breast identified dif-
ferent populations of CTCs by flow cytometry in the blood of patients before biopsy, after biopsy and after surgical tumor 
removal without neoadjuvant chemotherapy. The results showed that minor surgical injury (biopsy) was accompanied 
by a significant increase in the blood levels of CTCs without signs of the EMT or stemness (Epcam+CD45-CD44-CD24-
Ncadh-) and CTCs with signs of stemness and without signs of the EMT (Epcam+CD45-CD44+CD24-Ncadh-). Our 
results suggest that minor surgical injury to a tumor contributes to the release of CTCs into the bloodstream, including 
a population of stem cells.
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Circulating tumor cells (CTCs) constitute a heterogeneous 
population. Some tumor cells are cancer stem cells (CSCs), 
while others are in the process of the epithelial-mesenchymal 
transition (EMT); however, most CTCs are neither stem cells 
nor in the EMT. There is increasing interest in the study of the 
molecular biological characteristics of CTCs. In particular, the 
small population of CSCs shows two important features: the 
ability to self-renew and to be refractory to chemotherapy and 
radiation therapy [1-5].

With a higher metastatic potential than other tumor cells, 
CSCs disseminate to premetastatic niches, initiate the meta-
static process and contribute to disease recurrence, even after 
seemingly successful treatment [6].

In this context, the aim of our study was to identify the dif-
ferent populations of CTCs (CTCs without signs of stemness 
or the EMT, CTCs with signs of the EMT and without signs 
of stemness, CSCs without signs of the EMT and CTCs with 
signs of both stemness and the EMT) in the blood of patients 
with nonspecific-type invasive carcinoma of the breast before 

biopsy, after biopsy and after surgical tumor removal without 
neoadjuvant chemotherapy.

Materials and methods

Research materials. This prospective study included 22 
patients with newly diagnosed invasive breast cancer between 
the ages of 18 and 50 years and a tumor volume ≥2.0 cm who 
received treatment at the Cancer Research Institute, Tomsk. 
The criteria for inclusion in the study were the patient’s consent 
to participate in the study, a morphologically verified diagnosis 
of invasive carcinoma of the nonspecific type, T2-4N0-3M0, 
and a  generally satisfactory condition (≤2 on the Eastern 
Cooperative Oncology Group scale).

The exclusion criteria were other histological types of breast 
cancer or multiple primary malignant tumors. The material for 
the study was venous heparinized blood taken prior to biopsy, 
3-7 days after biopsy and 3-7 days after surgical tumor removal 
without neoadjuvant chemotherapy.
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The clinicopathological parameters of the patients with 
breast cancer are presented in Table 1.

Flow cytometry. Different populations of CTCs were evalu-
ated by flow cytometry using a BD FACSCanto system (Becton, 
Dickinson and Company (BD), USA) with BD FACSDiva 
software. For this procedure, stabilized heparin venous blood 
was incubated with different fluorochrome-labeled monoclo-
nal antibodies to CD45 (clone F10-89-4, PE/Cy7) (Abcam, 
UK), CD44 (clone IM7, FITC) (Abcam, UK), CD24 (clone 
SN3, phycoerythrin) (Abcam, UK), EpCAM (clone VU-1D9, 
PerCP/Cy5.5) (Abcam, UK) and CD325 (N-Cadherin) (clone 
8C11, APC) (Biolegend, USA). Then, erythrocytes were lysed 
in lysis solution (BD FACS lysing solution) and washed twice 
with CellWash buffer. The cell pellet was resuspended in 1 ml 
of BD Flow buffer. All samples were stored in the dark at 4°C 
and were analyzed within 1 hour.

The following molecular markers for CTCs were analyzed: 
EpCAM, CD45, CD44, CD24 and CD325 (N-cadherin). The 
cells were then classified based on the evidence of the EMT and 
the presence or absence of stem cell markers (EpCAM+CD45-
CD44-CD24-Ncadh-; EpCAM+CD45-CD44-CD24-Ncadh+; 
EpCAM+CD45-CD44+CD24-Ncadh+; EpCAM-CD45-
CD44+CD24-Ncadh-; EpCAM-CD45-CD44+CD24-Ncadh-; 
EpCAM-CD45-CD44+CD24-Ncadh+).

The cell results are reported as the proportion of the num-
ber of events with respect to CD45 expression multiplied by 
the concentration of leucocytes in 1 ml of blood. To perform 
this analysis simultaneously with immunophenotyping, cells 
were placed in a hematology analyzer to determine the total 
number of blood leukocytes. The resulting number of test cells 
was obtained per ml of blood.

Statistical analysis. The obtained data were processed us-
ing variation statistics. Assessment of the normal distribution 

of the results was performed using the Kolmogorov-Smirnov 
test. The significance of differences was assessed using the 
nonparametric Mann-Whitney test (for independent sam-
ples) and the Wilcoxon test (for dependent samples). Data 
are presented as the median (Me) and the upper and lower 
quartiles (Q1-Q3). Differences were considered significant at 
a significance level of p < 0.05.

Results

This prospective study of 22 patients with nonspecific 
invasive carcinoma of the breast defined various subpopu-
lations of CTCs by flow cytometry in the blood of patients 
before biopsy, after biopsy and after surgical tumor removal 
without neoadjuvant chemotherapy. On the basis of the mo-
lecular markers EpCAM, CD45, CD44, CD24 and CD325 
(N-cadherin), we classified CTCs into populations showing 
evidence of the EMT and with and without the presence of 
stem cell markers (Figure 1). Tumor cells are characterized as 
epithelial cells which are positive, among others, for EpCAM 
or cytokeratins [7]. Furthermore, distinct CD44+/CD24- and 
CD133+ subpopulations with CSC characteristics have been 
detected in breast tumors [8- 10]. CD325 (N-Cadherin) is 
a marker for EMT [11, 12].

Cells with the immunophenotype EpCAM+CD45-
CD44-CD24-Ncadh- were regarded as CTCs without signs 
of stemness or the EMT; EpCAM+CD45-CD44-CD24-
Ncadh+ cells were classified as CTCs with signs of the 
EMT but without signs of stemness; EpCAM+CD45-
CD44+CD24-Ncadh- cells were classified as CTCs 
including stem cells without signs of the EMT; and the 
cell phenotypes EpCAM+CD45-CD44+CD24-Ncadh+, 
EpCAM-CD45-CD44+CD24-Ncadh- and EpCAM-CD45-
CD44+CD24-Ncadh+ were classified as CTCs with signs of 
both stemness and the EMT.

As a result of these investigations, we discovered that a small 
surgical trauma (biopsy) was accompanied by a  significant 
increase in the blood levels of CTCs without signs of EMT 
nor stemness (EpCAM+CD45-CD44-CD24-Ncadh-) and 
CTCs with signs of stemness (EpCAM+CD45-CD44+CD24-
Ncadh-). On the other hand, the level of CSCs showing a loss 
of epithelial markers (EpCAM-CD45-CD44+CD24-Ncadh-) 
was significantly decreased after biopsy (Table 2).

This study also revealed that 3-7 days after surgical tumor 
removal, there were no statistically significant increases in 
the levels of CTCs in the blood of patients with breast cancer 
(Figure 2).

Discussion

There has recently been increased interest in studying the 
mechanisms of dissemination and the molecular and biologi-
cal characteristics of CTCs. In experimental models, primary 
tumor cells have been found to disseminate and enter the 
bloodstream, with numbers ranging from a few thousand up to 

Table 1. The clinicopathological parameters of patients with nonspecific-
type invasive carcinoma of the breast

Сlinicopathological parameters N (%)
Age (year) (Ме (Q1-Q3)) 49 (42-57) 22 (100%)

Molecular type of breast cancer

Luminal A 3/22 (13.7%)
Luminal В1 10/22 (45.5%)
Luminal В2 1/22 (4.5%)
HER2-positive 1/22 (4.5%)
Triple-negative 7/22 (31.8%)

Tumor size

T1 4/22 (18.2%)
T2 17/22 (77.3%)
T3 1/22 (4.5%)
T4 0 (0%)

Lymph node status

N0 10/22 (45.5%)
N1 7/22 (31.8%)
N2 4/22 (18.2%)
N3 1/22 (4.5%)

Neoadjuvant chemotherapy (NAC)
NO 8/22 (36.4%)
YES 14/22 (63.6%)



439EFFECT OF SURGICAL RADICALITY ON THE LEVEL OF POPULATIONS CTCS

four million cells per gram of tissue [13, 14]. Of all the CTCs, 
only 1 of 40 cells reaches a premetastatic niche, and no more 
than 0.01% of CTCs give rise to metastases [15].

It has been shown that some CSCs can be detected in the 
blood long after primary tumor removal. For example, cancer 
cells are often found in the blood of breast cancer patients 5 
to 10 or more years after surgery. At the same time, 20% of 
women develop disease progression in the period from 7 to 

25 years after radical mastectomy [16]. This behavior of tumor 
cells may be due to the properties of stem cells and the ability 
to remain “dormant” for a long time and become activated in 
response to stimuli. Indeed, late metastasis can be seen after the 
“radical cure” documented in prostate cancer, thyroid cancer, 
renal carcinoma and melanoma [17].

The presence of CTCs is not always accompanied by the 
formation of metastases, apparently because not all tumor cells 

Figure 1. Determination of different populations of CTCs by flow cytometry. Samples were incubated with labeled monoclonal antibodies to CD45, 
CD44, CD24, EpCAM, and CD325 (N-cadherin). Our gating strategy separated the populations into CD45-negative and CD45-positive cells, and then 
the expression of EpCAM, CD44, CD24, CD325 was measured among the CD45-negative nucleated cells.
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Figure 2. Changes in the level of different populations of circulating tumor cells in the blood of patients with breast cancer
1 – The levels of CTCs (cells / ml) in the blood of breast cancer patients before biopsy; 2 – The levels of CTCs (cells / ml) in the blood of breast cancer 
patients after biopsy; 3 – The levels of CTCs (cells / ml) in the blood of breast cancer patients after surgery

are trapped in the circulation or possess sufficient properties 
to metastasize. Some tumor cells constitute CSCs, while other 
cells are in the process of the EMT; however, most CTCs are 
neither stem cells nor in the process of the EMT [5, 18-21]. 
There are no clear characteristics of these subpopulations that 
can predict their invasive properties or their ability to metasta-
size. A meta-analysis of 24 studies (3,701 patients) dedicated to 
the definition of the prognostic significance of CTCs detected 
in patients with breast cancer, which included 13 prospective 
and 11 retrospective studies, showed that a  high number 
of CTCs was associated with a poor response to treatment, 
shortening the progression-free survival and overall survival 
of patients [22]. However, the research is not clear as to which 
CTC subpopulations are associated with poor prognosis. In 
addition, CTCs have been proposed as biomarkers for the 
presence of malignant neoplasms [23].

Currently, researchers are actively developing methods for 
the detection of CTCs. The first clinical test, Cellsearch® (Ve-
ridex, Warren, NJ, USA), was tested and approved by the FDA 
for determining the level of CTCs in patients with cancer. In 
this test, CTCs are identified as those expressing cytokeratin 8, 
18 and 19 among the CD45-positive and CD45-negative nucle-
ated cells [24, 25]. One of the main limitations of this method 
is the absence of tumor cell markers for stemness, the EMT 

and transition states, as well as markers that identify atypical 
subpopulations of CTCs, as described in detail by Lustberg 
et al. [25]. In addition, these cytokeratins are not expressed 
by all tumors, making this test not applicable in patients with 
squamous cell carcinoma. In this regard, in our study, we used 
a  panel of markers, i.e., EpCAM, CD45, CD44, CD24 and 
CD325 (N-cadherin), to distinguish CTCs with signs of the 
EMT and stemness, without signs of stemness or the EMT, 
and other combinations.

Tumor cells must enter from the surrounding tissue (local 
invasion) through the basal membrane of the vessel wall (in-
travasation) to become CTCs. For this process, the tumor cells 
must acquire the appropriate qualities. There are two variants 
of tumor cell invasion: collective invasion and the invasion of 
individual cells. As part of the invasion of individual cells, there 
are different amebic and mesenchymal types of migration [26].

Tumor invasion is characterized by high expression of 
E-cadherin and integrins (β1 and β3 family) as well as pro-
teases (MMP2 and MMP9). Tumor cells can transition from 
collective invasion to the invasion of individual cells by two 
mechanisms: the EMT and collective-amoeboid transitions. 
The induction of the EMT follows 5 major signaling pathways 
(TGFβ, Wnt-β-catenin, BMP, Notch and Hedgehog) with 4 
basic stimuli (cytokines, growth factors, hypoxia and extra-
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cellular matrix components) [27]. The EMT is the result of 
activation of the transcription factors TWIST1, Snail, Slug and 
ZEB1/2 and is characterized by high expression of proteases 
(MMP2 and MMP9) and decreased expression of E-cadherin. 
During full EMT, tumor cells acquire mesenchymal pheno-
types, and they are separated from the tumor mass and move 
into the mesenchyme. The cell microenvironment involved 
in the regulation of the EMT includes Th2 lymphocytes, M2 
macrophages (TAMs) and fibroblasts (CAFs) [28]. It has 
been shown that CAFs can promote tumor invasion, thereby 
inducing the EMT [29, 30]. It has also been shown that 
tumor-resident M2-polarized macrophages promote EMT 
development in pancreatic cancer cells via the TLR4/IL-10 
signaling pathway [31]. The mesenchymal type of migration 
of individual cells dominates the microenvironment with 
a “dense” matrix due to the characteristic overexpression of 
FGFR1. As a  result of alterations to the activity of certain 
molecules, cells can migrate and invade in processes termed 
the amoeboid-mesenchymal and mesenchymal-amoebic 
transitions [26].

The injury from tumor biopsy is accompanied by inflam-
mation, angiogenesis and reparation. There is hemorrhaging 
at the site of the tumor where the biopsy was performed, and 
this tissue damage induces inflammation, which is acute at first 

but then stimulates productive and reparative regeneration of 
connective tissue. These processes include angiogenesis and 
the formation of connective tissue, which are stimulated by 
cytokine production, lymphocyte elements, macrophages and 
fibroblasts (myofibroblasts). This spectrum of cytokines is re-
lated to the Th2 type of immuno-inflammatory response [28]. 
Collectively, these processes (damage and regeneration) are 
responsible for the recruitment of tumor cells, their entrance 
into the vasculature and the appearance of CTCs in the blood.

In contrast to biopsy, the surgical removal of a  tumor, 
which is also accompanied by trauma, includes reparative 
processes, and the absence of tumor cells means that there is 
no source to increase the baseline CTC numbers. We can also 
assume that the number of distinct populations of CTCs after 
surgery will depend on the neoadjuvant chemotherapy, the 
density of blood vessels in the tumor, type of surgery, tumor 
size and stage of disease. Evaluation and characterization 
of CTCs have become a major focus of translational cancer 
research. Presence of CTCs predicts worse clinical outcome 
in early and metastatic breast cancer. Whether all cells from 
the primary tumor have potential to disseminate and form 
subsequent metastasis remains unclear. Several researchers 
postulated that some CTCs express stem cell-like phenotype; 
this might lead to chemoresistance and enhanced metastatic 

Table 2. The levels of different populations of CTCs in the blood of breast cancer patients before biopsy, after biopsy and after surgery (Me (Q1-Q3) (cells / ml))

                                                                      The point of the study
Cell phenotype

Before biopsy
N=22

After biopsy
N=21

After surgery without 
NAC
N=8

CTCs without signs of the EMT nor 
stemness (CTCs – 1)

EpCAM+CD45-CD44-CD24-Ncadh- 0.623
(0.18-1.62)

1.405
(0.89-2.34)
р1<0.001

2.58
(1.00-10.34)

р1=0.247
р2=0.770

CTCs with signs of the EMT but with-
out signs of stemness (CTCs – 2)

EpCAM+CD45-CD44-CD24-
Ncadh+

0.094
(0.00-1.29)

1.03
(0.29-2.31)
р1= 0.222

0.64
(0.12-7.46)
р1=0.144
р2=0.141

CTCs with signs of both stemness and 
the EMT (CTCs – 3)

EpCAM+CD45-CD44+CD24-
Ncadh+

0.022
(0.00-0.629)

0.00
(0.00-0.246)

р1=0.490

0.00
(0.00-0.00)
р1=0.710
р2=0.170

CTCs with signs of stemness and with-
out signs of the EMT (CTCs – 4)

EpCAM+CD45-CD44+CD24-Ncadh- 0.058
(0.00-0.45)

0.626
(0.104-1.82)

р1=0.009

0.43
(0.00-2.24)
р1=0.210
р2=0.600

CTCs with signs of both stemness and 
the EMT (CTCs – 5)

EpCAM-CD45-CD44+CD24-Ncadh- 0.27
(0.00-4.75)

0.10
(0.00-0.92)
р1=0.041

2.69
(0.83-6.27)
р1=0.220
р2=0.138

CTCs with signs of both stemness and 
the EMT (CTCs – 6)

EpCAM-CD45-CD44+CD24-Ncadh+ 0.098
(0.00-0.89)

0.22
(0.04-1.59)
р1=0.550

0.107
(0.04-2.51)
р1=0.710
р2=0.720

p1=significance of differences compared with the same indicator before the biopsy
p2=significance of differences compared with the same indicator after the biopsy.
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potential of such cells [32]. It has been proposed that CSCs in 
primary tumors can metastasize to distant tissues or organs 
to disseminate and form metastatic colonies via EMT [33, 
34]. A recent study has revealed a dynamic in vivo pattern 
of epithelial-to-mesenchymal transitions in circulating tu-
mor cells and metastases of breast cancer [35]. The CD44+/
CD24− subpopulation in RAS or HER2 overexpressing tumor 
cells is considered to be the phenotype with increased EMT 
potential [36, 37].

Thus, our results suggest that a small operational trauma 
contributes to the release of CTCs into the bloodstream, 
including cells with signs of stemness (EpCAM+CD44+CD45-
CD24-Ncadh-). These results are interesting from the point 
of view of studying the mechanisms and factors related to the 
dissemination of breast cancer cells that may contribute to the 
future prevention of distant metastases.
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