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Цель. Оценить клиническое значение экспрессии генов BIRC5 и HER2-neu в циркулирующих опухолевых клетках как маркеров минимальной остаточной болезни на этапе хирургического лечения рака
молочной железы.
Материал и методы. В исследовании приняли участие 162 пациентки с верифицированным первичным неметастатическим раком молочной железы (РМЖ) I-IIIC стадии в возрасте 58,2±9,9 года. Всем
женщинам были выполнены операции в объеме радикальной мастэктомии по Маддену – 113 (69,8%) и в
объеме радикальной резекции молочной железы – 49 (30,2%). У всех пациенток в день операции, а также
на 2-е сутки после операции исследовалась периферическая кровь на наличие циркулирующих опухолевых
клеток (ЦОК). Для идентификации ЦОК изучали экспрессию генов BIRC5 и HER2-neu, используя методику ПЦР в режиме реального времени.
Результаты. Положительные мРНК BIRC5 и мРНК HER2-neu ЦОК до оперативного вмешательства
были обнаружены у 115 женщин (71%). После операции таргетные ЦОК исчезли у 47 (40,9%) пациенток, у 59 женщин (51,3%) ЦОК сохранились, а у 9 пациенток (7,8%) после операции ЦОК впервые стали
идентифицироваться в образцах венозной крови. После радикальной мастэктомии по Маддену частота
сохранения таргетных ЦОК была достоверно ниже, чем после радикальной резекции молочной железы,
и составила 46,9% против 61,8% (р=0,039). Частота сохранения таргетных ЦОК после операции была достоверно больше при ранних стадиях (I-IIA) без поражения регионарных лимфоузлов – 66,2%, чем в более
продвинутых стадиях (IIB–IIIC) – 45,0%.
Заключение. Определение экспрессии гена BIRC5 и HER2-neu в обогащенном образце периферической крови является достоверным идентификатором циркулирующих опухолевых клеток и маркером
минимальной остаточной болезни. Ранняя диссеминация опухолевых клеток способствует их сохранению
в периферической крови пациенток до 51,3%, несмотря на проведенное хирургическое вмешательство.
Ключевые слова: рак молочной железы, минимальная остаточная болезнь, циркулирующие опухолевые
клетки, сурвивин, рецептор эпидермального фактора роста
Objective. To evaluate the clinical significance of the expression of BIRC5 and HER2-neu genes in circulating
tumor cells as markers of minimal residual disease at the stage of surgical treatment of breast cancer.
Methods. 162 patients with the verified breast cancer of the I–IIIC stage aged 58.16±9.98 years took part in
the study. All women underwent surgery in the amount of a Madden radical mastectomy – 113 (69.8%) or radical
resection – 49 (30.2%). All patients on the day of surgery and also on the 2nd day after the operation were examined
for the presence of circulating tumor cells (CTCs) in the peripheral blood. For the identification of CTCs, expression
of the BIRC5 and HER2-neu genes was studied using real-time polymerase chain reaction (RT-PCR).
Results. Positive mRNAs BIRC5 and HER2-neu CTCs before the surgery were detected in 115 women
(71%). After the operation, CTCs disappeared in 47 (40.9%) patients, in 59 (51.3%) CTCs were preserved, and in
9 (7.8%) CTCs were first identified in the venous blood. After mastectomy the frequency of preservation of CTCs
was significantly lower than after radical resection and was 46.9% compared to 61.8% (p=0.039). The frequency
of preservation of CTCs after surgery was significantly higher in the early stages (I–IIA) – 66.2% than in more
advanced stages (IIB–IIIC) – 45.0%.
Conclusions. Determination of the expression of the BIRC5 and HER2-neu gene in the enriched peripheral
blood sample is a reliable identifier of the CTCs and the minimal residual disease marker. Early dissemination of
tumor cells helps maintain CTCs in the peripheral blood of patients to 51.3%, despite the surgical intervention.
Keywords: breast cancer, minimal residual disease, circulating tumor cells, survivin, epidermal growth factor receptor
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Научная новизна статьи
Впервые с использованием метода молекулярно-генетического анализа получены новые данные о клини-
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ческом значении экспрессии генов BIRC5 и HER2-neu в циркулирующих опухолевых клетках как индикаторов минимальной остаточной болезни на этапе хирургического лечения первичного неметастатического
рака молочной железы. Установлено, что ранняя диссеминация опухолевых клеток при данной патологии
способствует сохранению циркулирующих опухолевых клеток, экспрессирующих гены BIRC5 и HER2-neu,
в периферической крови до 51,3%, несмотря на проведенное оперативное вмешательство.
What this paper adds
For the first time using the method of molecular genetic analysis new data were obtained about the clinical significance
of the expression of BIRC5 and HER2-neu genes in circulating tumor cells as indicators of minimal residual disease
at the stage of surgical treatment of primary non-metastatic breast cancer. It is determined that early dissemination
of tumor cells in this pathology promotes the preservation of circulating tumor cells expressing the BIRC5 and
HER2-neu genes in peripheral blood up to 51.3%, despite the operative intervention.

Introduction
Breast cancer (BC) is one of the most frequent
oncological pathologies. Over the past decades,
in most developed and developing countries of
the world, there has been a steady increase in the
incidence of this pathology. It occupies one of the
first places among malignant neoplasms in women.
Experience shows that in case of resectable
early non-metastatic breast cancer after a radical
treatment metastasis occurs in almost half of patients
during the first five years, regardless of regional
lymph node involvement [1].
At present, metastatic breast cancer is incurable,
and metastases result in death of the majority of
patients with cancer. In this context, the problem
of a possible relapse comes to the fore and, in turn,
underscores the importance of minimal residual
disease (MRD).
MRD is defined as the presence of tumor cells
in the body that cannot be detected using today's
routine diagnostic methods used to determine the
stage of the tumor process in cancer patients after
surgical removal of the primary tumor.
Typically, most relapses occur within the
first 5 years after diagnosis and special treatment.
However, even in the case of cure, the risk of
progression persists. This fact is confirmed by the
fact that on autopsy in patients who "survived" breast
cancer, hidden metastases were discovered, which
during their life were not diagnosed by conventional
imaging methods. This, along with an understanding
of the metastatic process, is the fundamental basis
for the study of MRD in breast cancer [2].
It should be noted that circulating tumor cells
(CTCs) are proposed to be classified as MRD [3].
The study of the tumor process dynamics allowed
many scientists concluding that breast cancer is
an initially disseminated tumor process, even at
a preclinical stage, which cannot be diagnosed by
traditional survey methods. And CTCs are a direct
substratum of distant metastases [4].
Professor K.H. Bauer, who founded the
German Center for Cancer Research, wrote in
1963 that "from the surgeon's point of view, surgery
for cancer can be called radical only if even single
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cancer cells are removed from the body" [5].
Taking into account this statement, it is very
important to understand the role and place of the
surgical stage in the treatment of breast cancer,
taking into account the presence of CTCs both
before the start of a special treatment for primary
non-metastatic breast cancer and their possible
preservation after the operation. It is very important
in the context of the CTCs search to look for
universal markers and to improve the methods for
identifying the latter. Taking into account this issue,
such genes as the gene of the anti-apoptotic protein
survivin BIRC5 and the gene of the epidermal
growth factor receptor HER2-neu can be considered
as potential markers for the identification of CTCs.
Objective. To evaluate the clinical significance
of the expression of BIRC5 and HER2-neu genes
in circulating tumor cells as markers of minimal
residual disease at the stage of surgical treatment
of breast cancer.

Methods
162 patients with the verified primary nonmetastatic breast cancer being treated in Vitebsk
Regional Clinical Oncology Center during 20152016 participated in the survey study. The mean age
of patients was 58.2±9.9 (M±SD) with individual
fluctuations from 31 to 91 years.
The clinical characteristics of the tumor process
are presented in Tables 1 and 2.
All women underwent surgery in the amount
of Madden radical mastectomy – 113 (69.8%) or
radical resection of the breast – 49 (30.2%).
The peripheral blood sample from the ulnar vein
was taken in the morning on an empty stomach in a
volume of 5 ml in a sterile vacuum tube with K2EDTA
for subsequent enrichment and isolation of the CTCs
in all patients on the day of operation and on the 2nd
day after the operation and stored at 4° C before the
study. Samples were processed immediately or no later
than four hours after blood sampling.
Enrichment and isolation of CTCs was
performed using the technology of rapid isolation
of tumor cells from the whole blood on the basis of
covalently bound antibodies for CD326 on a non-
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Table 1
Clinico-anatomical characteristics of the primary
tumor (n=162)
Category, value
T
1

N

Stage

n
87

%
53.70

2

70

43.21

3

4

2.47

4

1

0.62

0

78

48.15

1

63

38.89

2

7

4.32

3

14

8.64

I

54

33.33

IIA

54

33.33

IIB

28

17.28

IIIA

8

4.94

IIIB

1

0.62

IIIC

15

9.26

magnetic polymeric matrix of large microspheres
followed by isolation of CTCs according to size
(S-pluriBead Maxi Reagent Kit and anti-human
CD326 S- pluriBead, Germany).
Isolation of mRNA from lysed, enriched
cells was carried out in accordance with the
instructions of the manufacturer of RNA isolation
kits (SIVital, Belarus). Using reverse transcription
technology, a cDNA was synthesized, which was
used subsequently to analyze gene expression in
real time. To test the expression of the HER2-neu
and BIRC5 genes, original test systems were used
to determine the expression of survivin and Her2neu transcription cDNA by the RT-PCR method
(SIVital, Belarus).

Statistics
Statistical processing of data was carried
out in accordance with modern requirements
for conducting biomedical research. Qualitative
indicators are represented by absolute and relative
values.
When checking the distribution for the
normality of quantitative characteristics by the
criteria of Lilliefors and Shapiro-Wilk, it was found
out that the quantitative characteristics do not
obey the normal distribution law. Characteristics
of these quantitative characteristics are presented
as a median (Me), interquartile range (LQ / UQ),
minimum and maximum values (min, max).
When comparing the pre- and postoperative
indicators, the Wilcoxon test was used. Comparison
of qualitative nominative data was carried out using
the Pearson chi-square (χ2) criterion, by qualitative
binary – using the χ2 criteria with the Yates’s correction and the exact Fisher criterion in accordance
with the conditions of their applicability.
In all cases, the differences were considered
statistically significant at a significance level of p
<0.05.

Results
Positive BIRC5 mRNA and positive HER2neu mRNA of CTCs before surgery were detected
in 115 women (71%) out of 162 patients with the
verified primary non-metastatic breast cancer.
The study in dynamics of the presence and
identification of CTCs on two targeted genetic
markers BIRC5 and HER2-neu after surgery
revealed some interesting facts. So, after the
operation, BIRC5 mRNA positive and HER2-neu

Pathomorphological characteristics of the primary tumor (n=162)
Category, value
Morphological structure of carcinoma

Degree of differentiation

Lympho-venous-vascular invasion
Molecular-biological tumor subtype

tubular
medullar
mucinous
non-specific
lobular
ductal
G1
G2
G3
LVSI+
LVSIluminal А
luminal BHER2Luminal B HER2+
hyper HER2 expressing
tri ple negative (basal)

n
1
3
3
22
34
99
5
71
86
136
26
79
41
9
11
22

Table 2
%
0.62
1.85
1.85
13.58
20.99
61.11
3.09
43.83
53.09
83.95
16.05
48.77
25.31
5.56
6.79
13.58
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mRNA positive CTCs disappeared in 47 (40.9%)
of the patients in whom they were originally
identified. In more than half of the cases – in 59
(51.3%) – the identified CTCs were preserved
in the peripheral blood. Moreover, in 9 patients
(7.8%) after the operation, CTCs were identified
in the enriched venous blood samples (Table 3).
Dynamics of changes in the frequency of
identification of target CTCs has been found out to
have certain regularities depending on the volume
of the surgical operation. So, after Madden radical
mastectomy, the frequency of preservation of
CTC was significantly lower than after the radical
breast resection and was 46.9% compared to 61.8%
(p=0.039) (Table 4).
When analyzing the amount of expressed
target genes in the CTCs after the operation,
in comparison with the data obtained before
the beginning of the special treatment while
studying the peripheral blood of patients with the
verified primary non-metastatic breast cancer, a
significant difference was obtained. For example,
there was a statistically significant reduction in

the incidence of simultaneous expression of two
genes from 72.1% to 29.4%, with a simultaneous
increase in the frequency of identification of the
CTCs in one of the BIRC5 or HER2-neu genes
(Table 5).
With qualitative analysis of the levels of the
normalized expression of targeted genes in the
CTCs, significant differences in the expression
level were not established at the stage of surgical
treatment (Table 6).
Comparative analysis of the preservation
incidence of BIRC5 positive mRNA and HER2-neu
positive mRNA CTCs in the enriched peripheral
blood samples of patients before and after surgery,
depending on the stage of the tumor process
(pTNM), yielded some interesting data. Paradoxical
as it may seem, the frequency of conservation of
targeted CTCs after surgery in the early stages
(I-IIA) without lesion of the regional lymph nodes
was statistically significantly (p <0.05) higher and
was 66.2% than after operations for locally advanced
tumor process (IIB-IIIC), where this indicator was
45.0% (Table 7).

The dynamics of changes in the frequency of the identification of BIRC5 mRNA positive
and HER2-neu mRNA positive CTCs at the stage of surgical treatment
n

162

CTCs identification incidence
Before surgery
After surgery
Presence of
mRNA BIRC5 + mRNA
mRNA BIRC5 +
mRNA BIRC5 + mRNA HER2-neu + CTCs, CTCs
mRNA HER2-neu +
HER2-neu + CTCs
disappeared
CTCs, CTCs preserved
abs
%
abs
%
abs
%
115
71.0%
47
40.9%
59
51.3%

mRNA BIRC5 +
mRNA HER2-neu +
CTCs, CTCs appeared
abs
%
9
7.8%

The dynamics of changes in the frequency of the identification of BIRC5 mRNA positive
and HER2-neu mRNA positive CTCs depending on the volume of surgical treatment
Surgery volume

Radical mastectomy
according to Madden
Radical resection

n

113
49
Р

Before surgery
Presence of
BIRC5 + HER2neu + CTCs
abs
%
81
71.7
34

69.4

Identification incidence of CTCs
After surgery
BIRC5 +
BIRC5 +
HER2-neu + CTCs
HER2-neu +
disappeared
CTCs preserved
abs
%
abs
%
35
43.2
38
46.9
12

35.3
0.283

21

61.8
0.105

2 genes
1 gene BIRC5
1 gene HER2-neu
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Identification incidence of BIRC5 and Her2 genes expression
Before surgery
After surgery
abs
%
abs
%
49
72.1%
20
29.4%
6
8.8%
25
36.8%
13
19.1%
23
33.8%

Table 4

BIRC5 + HER2neu + CTCs
appeared
abs
%
8
9.9
1

2.9
0.204

The number of expressed genes in CTCs enriched and isolated in patients before surgery
and preserved after surgery (n=68)
The number of expressed
genes

Table 3

Table 5
р

0.0000
0.0001
0.0397
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Table 6
The parameters of the normalized expression of target genes determined in the CTCs
by the RT-PCR method in real time (n=68)
Genetic marker of
Determination
The parameters of the normalized expression of
р
CTCs
time
BIRC5 and Her2 genes
Median
Min
Max
LQ
UQ
BIRC5
Before surgery
0.144
0.001
10.7
0.006
0.455
0.209
After surgery
0.387
0.001
8.72
0.113
1.053
HER2-neu
Before surgery
0.258
0.021
17.44
0.121
1.327
0.614
After surgery
0.207
0.258
9.09
0.111
0.830
Table 7

The incidence of minimal residual disease at the stage of surgical treatment,
depending on the stage of the tumor process
Category, value

n

Identification incidence of CTCs

p

BIRC5 and Her2-neu+
BIRC5 и Her2-neu +
CTCs before surgery
CTCs after surgery
abs., n1
% of n
abs., n2
% of n1
% of n2
n
162
115
71.0
68
42.0
59.1
T
1
87
60
69.0
40
46.0
66.7
0.632 (n1-n2)
0.171 (n-n2)
2–4
75
55
73.3
28
37.3
50.9
N
0
78
50
64.1
31
39.7
62.0
0.360 (n1-n2)
0.346 (n-n2)
1–3
84
65
77.4
37
44.0
56.9
Stage
I–IIA
108
74
68.5
49
45.4
66.2
0.023 (n1-n2)
0.096 (n-n2)
IIB–IIIC
54
40
74.1
18
33.3
45.0
Note: n1 – is the absolute amount of BIRC5 mRNA and Her2-neu mRNA of positive CTCs cases before surgery,
n2 – is the absolute amount of BIRC5 mRNA and Her2-neu mRNA of positive CTCs cases after surgery.

This fact can be explained by a possible
reduction in the volume of surgery in the early
stages before radial resection (quadrantectomy,
lumpectomy) and the possible option of preserving
tumor cells within the remaining part of the
mammary gland that are the source of the CTCs.
In a comparative analysis of the preservation
incidence of BIRC5 mRNA positive and HER2-neu
mRNA positive CTCs in the enriched peripheral
blood samples of patients before and after surgery
depending on the pathomorphological and
molecular biological characteristics of the tumor,
the following data were obtained. So the frequency
of CTCs preservation in the body of a woman after
surgery did not depend on the histological structure
of the primary tumor. At the same time, it depended
on the degree of differentiation of the carcinoma.
The frequency of CTCs identification after surgery
was 10.3% higher at a low degree of differentiation
(G3) than in highly differentiated tumors (G1),
and amounted to 60.3% and 50%, respectively
(p=0.029). Statistically significant differences were
not established in the frequency of presence of CTCs
after radical surgical treatment, depending on the
presence or absence of the tumor lympho-vascular
stromal invasion (LVSI).
An important point in this fragment of the study
is the fact that the detection incidence of positive
BIRC5 mRNA and positive HER2-neu mRNA in

the enriched peripheral blood samples of patients
after radical mastectomy or radical resection depend
significantly on the molecular-biological tumor
subtype.
A verified change in the frequency of CTCs
identification toward the decrease after surgery
was established in case of luminal A and luminal
B HER2 non-expressing cancers (Table 8). With
other molecular-biological subtypes of breast cancer,
there was no significant reduction in the frequency
of identification of CTCs in the targeted genes.
This situation indicates a possible more favorable
course of the first two forms of breast cancer and
the beneficial effect of surgical intervention.
However, in a comparative analysis of the
incidence of CTCs preservation in the peripheral
blood, no significant differences were found
depending on the tumor subtype.

Discussions
Back in 1929 Ya.V. Zilberberg, admitting
the possibility of hematogenous spread of breast
cancer cells, attributed the importance of a factor
contributing to the massive admission of tumor
cells into the blood, and B.T. Bilinsky in 1963
published data that local relapses developed in
13.3% of women operated on for breast cancer,
with most relapses occurring during the first 2 years
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Table 8
The frequency of minimal residual disease at the stage of surgical treatment, depending on the
molecular-biological subtype of the primary tumor
Molecular-biological subtype
of the tumor

n

Incidence of CTCs identification
BIRC5 и Her2-neu +
BIRC5 и Her2-neu +
CTCs before surgery
CTCs after surgery
abs., n1
% of n
abs., n2
% of n1
% of n2
162
115
71.0
68
42.0
59.1
luminal А
79
57
72.2
32
40.5
56.1
Luminal B HER241
29
70.7
18
43.9
62.1
Luminal B HER2+
9
6
66.7
4
44.4
66.7
hyper HER2 expressing
11
7
63.6
4
36.4
57.1
tri ple negative
22
16
72.7
10
45.5
62.5
Note: n1 – is the absolute amount of BIRC5 mRNA and Her2-neu mRNA of positive CTC cases before
n2 – is the absolute amount of BIRC5 mRNA and Her2-neu mRNA of positive CTC cases after surgery.

after surgery [6, 7]. A specially conducted study
in animals allowed establishing the pathogenetic
role of the cellular microenvironment during the
healing of an operating wound in the development
of local tumor recurrence, which is caused by
the involvement of tumor cells circulating in the
peripheral blood to the site of wound healing [8].
In our study, taking into account the data on
the presence of functionally active heterogeneous
CTCs in the peripheral blood before the start of the
special treatment and mainly before the operation, it
should be noted that non-surgical intervention leads
to massive admission of tumor cells into the blood,
and early tumor dissemination takes place before the
onset of surgical stage of treatment. On the contrary,
radical surgical intervention significantly reduces the
amount of CTCs in the peripheral blood, which was
demonstrated in the postoperative period.
According to the literature, the "massage" of
the tumor results in at least a 10-fold increase in the
number of tumor cells leaving the primary tumor
site, and surgical manipulations in breast tumors
can induce angiogenesis and proliferation of cells
of distant "dormant" micrometastases, especially
in young patients with positive lymph nodes [6, 7,
9, 10, 11, 12].
According to the obtained data, the amount
of surgery affects the frequency of preservation of
CTCs in the peripheral blood. But, paradoxically,
after a less traumatic operation, such as radical
resection, the frequency of preservation of CTCs
was significantly higher than after a large traumatic
operation with large tissue damage - a Madden
radical mastectomy, in which the tumor is much
more exposed to "massage."
One should also take into account the
phenomenon of "dumping" of tumor cells from the
primary node, which is associated with angiogenesis
in the tumor, vascular invasion, tumor size and
its proliferative potential [3]. It is established that
tumor cells can leave the growing tumor node at a
rate ranging from several thousand to several million
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p

0.000
0.012
0.319
0.197
0.062
surgery,

cells per day per 1 g of tissue [13].
Studies have shown that the preservation and
appearance in the peripheral bloodstream of the
CTCs of expression genes, the anti-apoptotic protein
and epidermal growth factor receptor depends on
tumor size, regional lymph node involvement. An
important fact is the establishment of the regularity
of the detection incidence of CTCs from the
molecular-biological subtype of the primary tumor,
which is associated with both the expression of
estrogen and progesterone receptors, and with the
expression of the HER2-neu oncoprotein and the
index of Ki-67 proliferative activity.
Despite the fact that most tumors can be
subjected to radical surgery, the so-called resection
of R0, in a significant number of patients after a
certain time, distant metastases appear. The reason
for this is pre- or postoperative dissemination of
tumor cells that were not detected at the time of
the surgical operation [14]. Over 20 years ago, these
cells, or clusters, were called micrometastases and
were included in the TNM system of the 6th edition
(2002) and were left in the 7th (2009), receiving the
following notation according to the pM category:
isolated tumor cells found in bone marrow with the
help of histological methods, – M0 (i +); with the
help of non-histological (in other words, molecular)
methods – M0 (mol +) [15]. In fact, these cells are
called isolated or disseminated depending on their
presence in the blood or bone marrow; the presence
of such cells in the body of an oncological patient
is regarded as MRD.
Taking into account this classification, most
patients can be exposed to the stage M0 (mol +),
namely, with the regard to the data obtained, 71.0%
before surgery and 42.0% after surgery.

Conclusions
Determination of the expression of the gene
survivin BIRC5 and the epidermal growth factor
receptor gene HER2-neu in the enriched peripheral
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blood sample is a reliable identifier of the CTCs
and the marker of the MRD.
Early dissemination of tumor cells in primary
non-metastatic breast cancer, confirmed by the
presence of BIRC5 mRNA and HER2-neu mRNA
positive CTCs in 71%, promotes maintenance
of CTCs in the peripheral blood up to 51.3% of
patients despite surgical interventions. In some
cases, surgery contributes to the emergence of new
tumor cells in the peripheral bloodstream (7.8%).
The volume of the operation affects the
preservation of the CTCs in the peripheral blood.
After Madden radical mastectomy, the incidence
of CTCs preservation was significantly lower than
after the radical breast resection and was 46.9%
versus 61.8% (p=0.039).
The contributing factors for the preservation
of functionally active CTCs expressing tumorspecific genes encoding the anti-apoptotic peptide
survivin and the epidermal growth factor receptor
that provide an aggressive phenotype of these cells,
which are the source of metastases, are the stage of
the tumor process, and besides, at the early stages
the identification incidence of CTCs is significantly
higher and is 45.4% for I-IIA and 33.3% for IIBIIIC, respectively (p = 0.023). The frequency of the
targeted CTCs in case of luminal A and luminal
B not expressing HER2-neu subtypes of breast
cancer decreases reliably from 72.2% to 40.5% (p
= 0.000) and from 70.7% to 43.9% (p = 0.012),
respectively. The frequency of preservation of CTCs
in the peripheral blood after the operation does not
depend on the molecular-biological subtype of the
primary breast carcinoma.
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