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Abstract

Identification of prognostic molecular markers of breast cancer is extremely important. The spreading
out of the primary breast tumour cells to the lymphatic system is at the forefront of symbolising the first
signs of distant organ metastasis. Deregulated genes in breast cancer tissues that spread to lymph nodes
may show early predictive molecular markers. In the present study, we selected five microRNAs, which
play a key function in the invasion-metastasis cascade. We investigated the levels of microRNAs in 80
paired samples of BC and matched adjoining tissues, and we examined the potential relationships
between microRNA levels and positive lymph node status. Our results attest that three microRNAs
(miR-21, miR-155, miR-222) were significantly up-regulated, whilst miR-205 was substantially
down-regulated in BC tissues in relation to normal adjoining tissues in a heterogeneous patient cohort.
The high levels of two microRNAs, miR-155 and miR-222, showed a statistical relation with the positive
lymph node status, especially in patients that had triple negative BC. Conversely, miR-155 was
substantially down-regulated in tumour tissues of patients who received preoperative neoadjuvant
chemotherapy (NAC) compared with tumour tissues of patients without NAC in cohorts sub-classified
to lymph node positive status. Our findings show evidence that the miR-155 and the miR-222 can be
defined as molecular markers in regards to cancer patients to prognosticate spread to the lymph node.
They also showed that the miR-155 could have crucial significances in BC treatment.
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Introduction

Tumour metastases often result in death of
breast cancer (BC) patients [1]; however, our
understanding of metastatic cellular processes is still
controversial. In recent years, many studies have
concentrated on establishing biomolecules that drive
the metastatic process. The discovery of molecular
biomarkers in the prognosis of tumour metastasis that
can be applied to the routine practice of physicians is
of crucial importance so as to powerfully control
tumour progression. The metastatic cells that reach
lymph nodes might come before the distant organ
metastasis [2]. Deregulated genes in BC tissues that
diffuse to the lymph nodes before forming distant
organ metastases might present early biomarkers for
patients with the risk of distant metastases.

In recent years, substantial success was achieved
in the treatment and diagnosis of BC due to the
explosive development of modern molecular
techniques. Numerous studies on BC have analysed
different microRNAs that can influence and shape the
cancer development and its progression [3].
MicroRNAs are small non-coding protein RNAs. It
causes mRNA degradation and/or the blockade of
mRNA translation [4]. MicroRNAs are involved in
many physiological processes [5]. MicroRNAs can be
both tumour suppressors and oncogenes [6]. High
throughput assays have demonstrated that many
microRNAs are deregulated in a majority of cancer [7,
8]. The microRNAs aberrant expression signatures
have led to the proposal that they have prognostic,
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diagnostic, and therapeutic values. Expression of
several microRNAs are altered in BC tissues when
compared to healthy breast tissue or amongst
different subtypes of BC [9, 10, 11, 12]. Up- or
down-regulation of several microRNAs in BC cells
associated with tumour invasion and metastasis [13].
Some microRNAs have been involved in BC
treatment response [14, 15].

It is known that primary BC in patients with
lymph node metastases may exhibit a greater invasive
behaviour during the diagnosis period than do
primary BC in patients without lymph node
metastases. The differences might be due to
deregulation of the expression of several regulatory
microRNAs. Thus, in this study, the levels of
tumour-suppressive microRNAs and oncogenic in BC
tissues of patients that had or did not have a positive
lymph node status were investigated. Previous
reports literature search was conducted for the
selection of microRNAs with a predictive potential in
the invasion-metastasis cascade.

Materials and Methods

Patients and tissue collection

We received written consent from all patients.
The research was given the greenlight to proceed by
the Institute of Molecular Biology and Biophysics
Ethics Committee in conformity with the 1975
Helsinki Declaration. All samples (pairs of the BC
tissue and untransformed [adjoining normal] tissue
samples) were obtained during surgery at the State
Regional Oncology Centre (Novosibirsk) from 2011 to
2014 (n = 80). Using liquid nitrogen, the tissue
samples were frozen and kept at -70 °C.
Clinico-pathological attributes of BC patients were
recorded including age, occupation, ethnicity,
menstrual and reproductive functions, clinical TNM
stage, pathology diagnosis, molecular subtype and
chemotherapy  strategies (Table  1). The
immunohisto-chemical streptavidin/ peroxidise
method was utilised to evaluate the hormonal
receptor and HER2 status of the BC samples. All
patient information was anonymised prior to analysis.
Thirty-two patients received preoperative
neoadjuvant chemotherapy (NAC) with 2 or 3 courses
of FAC or CAF schemes of 5-fluorouracil,
cyclophosphamide and doxorubicin. Surgery was
performed 7-14 days after the end of NAC.

Isolation of the total RNA, the cDNA synthesis
and the real-time PCR

The Vector-Best kit (Russia) was used to extract
the total RNA from 50 mg of frozen tissue while
conforming to the producer’s recommendations. The

integrity of the extracted RNA was analysed by
visualising the rRNA bands using gel electrophoresis,
and the purity plus theconcentration of the total
extracted RNA was ascertained by
spectrophotometric method. For stem-loop RT-PCR
[16], total RNA was reverse-transcribed by employing
specific stem-loop primers using a SibEnzyme reagent
kit (Russia). The estimated levels of microRNAs were
measured by using real-time PCR with the SibEnzyme
reagent kit (Russia) by employing the CFX96™
real-time PCR machine (Bio-Rad Laboratories, USA).
The specific primers and probes were employed
(sequences available on request to the authors). The
relative changes of miRNA levels were calculated
based on the PCR efficiency (E) and the C; and were
normalised with U6 snRNA. U6 snRNA was used as a
normalization internal control since it is mostly
employed for this function in such studies of the
relative levels of microRNAs [17]. The expression fold
change for each one of the microRNA in the BC tissue
versus paired adjacent (normal) tissue was computed
by applying the formula that considers each of the
PCR’s amplification efficiency [18]. The PCR was
executed in triplicate that included RT negative and
no-template controls.

Table 1. Clinicopathological characteristics of BC patients.

Characteristic Value, n (%)
Total cases 80 (100 %)
Age, median (range) 58 (40-80)
Menopausal State

Premenopausal 20 (25 %)
Postmenopausal 60 (75 %)
ER status

Positive 58 (72.5 %)
Negative 22 (27.5 %)
PR status

Positive 54 (67.5 %)
Negative 26 (32.5 %)

Her2 status

Positive 18 (22.5 %)

Negative 62 (77.5 %)
TNBC

TNBC 16 (20 %)
Non-TNBC 64 (80 %)
Tumour size

T1-2 70 (87.5 %)
T3-4 10 (12.5 %)
Lymph Node Involvement

Yes 30 (37.5 %)
No 50 (62.5 %)
Neoadjuvant therapy

Yes 32 (40 %)
No 48 (60 %)

ER, estrogen receptor; PR, progesterone receptor; Her2, epidermal growth factor
receptor 2,TNBC, triple negative breast cancer.

Statistical analysis

A two-tailed Mann-Whitney test that was
non-parametric was utilised to examine the
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differences in of the microRNAs expression in any
two subgroups. A p-value < 0.05 was seen as
statistically substantial. MedCalc for Windows was
employed for statistical analysis.

Results

We tested miRNA levels of 80 patients with BC.
Five microRNAs were selected for analysis using
RT-PCR. First, the levels of microRNAs were detected
in all 80 pairs of tumor tissues and normal adjacent
tissues normalized to U6 snRNA. We discovered that
the levels of miR-21, miR-155, and miR-222 were
substantially increased, whilst the levels of miR-205
were substantially decreased in BC tissues in
comparison with their paired adjoining tissues (Table
2). We observed that miR-221 was slightly
over-expressed in the BC tissue samples, but the
difference in expression between BC tissue samples
and normal adjoining tissue samples was not
statistically significant (Table 2).

BC is extremely heterogeneous and it is very
often assorted into various subtypes that are based on
the hormonal receptors (ER, PR) expressionand HER2
[19]. Thus, we analysed the relationships that exist
between microRNA expression and the molecular
subtypes of BC. Tumours stained positive for ER in 58
patients (72.5 %), for PR in 54 patients (67.5 %), and
for HER2 in 18 patients (22.5 %). Among these 80
patients, these are 16 cases (20 %) of breast cancer,
which do not express the receptors (TNBC, Table 1).
As shown in Table 3, hormone receptor statuses (ER
and PR), HER2 status, as well as menopausal state
were not correlated with microRNA expression.

However, the miR-205 expression levels were
substantially lower (p = 0.003) in HER2-positive
patients. Then, we analysed the expression of five
microRNAs between TNBC and non-TNBC. We
observed that only miR-21 was substantially
over-expressed (p = 0.026) in TNBC compared to
non-TNBC (Table 3). The differences in expression
levels of four other microRNAs were not statistically
significant.

To identify microRNAs’ predictive potential for
metastasis, we investigated the levels of five
microRNAs of BC tissues normalised to normal
adjacent tissues in groups of patients who had or did
not have lymph node status that was positive. In the
heterogeneous cohort, thirty patients (37.5 %) had
lymph node invasion and fifty patients did not have
lymph node metastasis. The miR-155 and miR-222
levels were substantially up-regulated in BC tissues of
lymph node metastasis patients in relation to BC
tissues of patients without, while the differences in
miR-21, miR-205, and miR-221 were not statistically
significant (Table 3).

Table 2. The relative levels of miR-21, miR-155, miR-221,
miR-222, and miR-205 in tissue samples from BC patients.

MicroRNA Number of patients ~ Median2 (Range) p-Value
miR-21 80 3.82 (2.64 - 6.45) <0.0001
miR-155 80 6.57 (3.26 - 9.74) <0.0001
miR-221 80 1.13 (0.92 - 1.36) 0.172
miR-222 80 1.24 (1.14 - 1.55) <0.001
miR-205 80 0.34 (0.13 - 0.54) < 0.0001

aMedian of relative change of miRNA levels in the breast tumour versus paired
normal (adjoining) tissue.

Table 3. The association between the levels of miR-21, miR-155, miR-205, miR-221, and miR-222 in tissue samples from BC patients and

different clinical and histopathology features.

Patient Presentation Relative Expressiona of miRNAs and p-Value of different categories

N miR-21 p-Value miR-155 p-Value miR-205 p-Value miR-221 p-Value miR-222 p-Value
Menopausal State
Premenopausal 20 593 0.112 5.24 0.942 0.37 0.555 1.31 0.605 1.72 0.516
Postmenopausal 60  3.00 7.94 0.41 1.02 1.08
ER status
Positive 58 282 0.880 6.19 0.779 0.34 0.829 1.13 0.812 1.14 0.532
Negative 22 425 9.38 0.42 1.03 1.22
PR status
Positive 54 338 0.805 7.94 0.309 0.29 0.355 1.44 0.377 1.27 0.116
Negative 26 645 3.68 0.53 1.13 1.04
Her?2 status
Positive 18 3.38 0.489 3.68 0.142 0.03 0.003 1.02 0.612 1.12 0.187
Negative 62 428 6.33 0.63 1.14 1.25
TNBC
TNBC 16 9.00 0.026 9.54 0.709 0.63 0.500 1.36 0.258 1.77 0.387
Non-TNBC 64 3.00 5.71 0.31 1.05 1.14
Lymph Node
Involvement
Yes 30 425 0.265 8.05 0.004 042 0.795 1.11 0.419 1.52 0.005
No 50 2.88 244 0.40 1.18 1.04

aMedian of relative change of miRNA levels in the breast tumour versus paired normal (adjacent) tissue.

ER, estrogen receptor; PR, progesterone receptor; Her2, epidermal growth factor receptor 2; TNBC, triple-negative breast cancer.
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We additionally examined the association of two
microRNA levels, the miR-155 and the miR-222, in
clinical sub cohorts classified by lymph node positive
status and molecular subtypes of BC. No major
correlations was observed between these two
microRNAs’ expressions and hormone receptor as
well as HER? status in clinical cohorts sub-classified
to lymph node positive status (Table 4). However, we
discovered that both the miR-155 (p = 0.019) and the
miR-222 (p = 0.048) were substantially over-expressed
in TNBC in comparison with non-TNBC lymph node
metastasis patients (Table 4).

BC patients that have lymph node metastases are
often treated with neoadjuvant chemotherapy than
patients who do not have detectable metastases.
Twenty patients in our cohort sub-divided to lymph
node-positive  (66.6 %) received preoperative
neoadjuvant chemotherapy (NAC) with 2 or 3 courses
of FAC or CAF schemes of 5-fluorouracil,
cyclophosphamide and doxorubicin. When the lymph
node positive status-associated microRNA levels
were compared, miR-155 (p = 0.007) was
down-regulated in tumour tissues of patients who
received NAC compared with tumour tissues of
patients without NAC, while the differences in
miR-222 were not statistically significant (Table 4).

Table 4. Relative levels of miR-155 and miR-222 in BC tissues
from patients with positive lymph node status of different clinical
and histopatology presentations.

Patient Presentation Relative Expression of miRNAs and p-Value of

different categories

N miR-155 p-Value  miR-222  p-Value
ER status
Positive 19 2.54 0.599 1.13 0.237
Negative 11 4.74 1.41
PR status
Positive 17 2.64 0.575 1.21 0.313
Negative 13 2.44 113
Her2 status
Positive 14 2.84 0.114 1.13 0.628
Negative 16 6.28 1.10
TNBC
TNBC 8 11.48 0.019 1.55 0.048
Non-TNBC 22 3.44 1.03
Neoadjuvant therapy
Yes 20 3.65 0.037 1.42 0.204
No 10 8.79 1.24

aMedian of relative change of miRNA levels in the breast tumour versus paired
normal (adjacent) tissue.

ER, estrogen receptor; PR, progesterone receptor; Her2, epidermal growth factor
receptor 2; TNBC, triple-negative breast cancer.

Discussion

MicroRNAs show great potential for BC treating,
although their use in routine clinical practise is yet a
long-term objective [13]. The hunt for BC prognostic
biomarkers is an extremely topical key work.
Metastasis is one of the critical causes of BC patient’s
death. The spread of primary BC cells to the lymph

nodes is at the forefront of symbolising the first signs
of metastatic expansion [2]. Thus, genes that have an
increased or decreased expression levels in BC tissues
in patients with lymph node metastases may
represent early biomarkers of the risk of developing
distant metastases. In this study, we determined the
levels of tumour-suppressive and oncogenic
microRNAs in paired samples of BC and adjoining
normal tissues and investigated the potential
relationships between microRNAs levels and lymph
node metastasis. We selected five microRNAs that are
involved in the tumour invasion-metastasis cascade.
In accordance with previous studies, our results
demonstrated that the levels of miR-21, miR-155, and
miR-222 were increased in BC tissue in relation to
adjoining normal tissue, whereas miR-205 levels were
decreased in our cohort of BC patients. The difference
in miR-221 expression in the BC tissue samples and
the adjoining tissue samples was not statistically
substantial. Our current data are in agreement with
former studies, which indicated that the miR-21, the
miR-155 and the miR-222 are oncogenes, while the
miR-205 is a tumor suppressor. It can be suggested
that these microRNAs have a general purpose in the
tumorigenic procedure in all BC subtypes.

MiR-21 is a well-studied biomarkers associated
with poor prognosis. Recently, the miR-21 high levels
have been demonstrated in many different cancer
types, including BC, in which miR-21 is needed both,
in modulating cell rapid multiplication and metastasis
by modulating multiple target genes [20, 21]. MiR-155
is also found to be over-expressed in a variety of
cancer. It was shown that up-regulated levels of
miR-155 are consociated with lymph node metastasis
[22]. Levels of miR-205 are down-regulated in BC
tissue samples in relation to adjoining tissue and are
consociated with negative regulation of the
epithelial-to-mesenchymal transition (EMT), which
was discovered to act a critical function in a tumour
invasion-metastasis cascade [23]. Both the miR-221
and the miR-222 inhibit TRPS1 gene, which inhibits
EMT through a decrease in the level of ZEB2 [24].
Thus, an increase in the levels of both microRNAs
might lead to a rise in cell migration and invasion
through the regulation of EMT.

No significant correlation between microRNA
levels and hormonal receptor status was detected. At
the same time, by statistical analysis, we discovered
that the relative miR-205 expression in HER2-positive
tumours was substantially lower in relation to
HER2-negative  tumours. Previously, it was
demonstrated that miR-205 directly influences the
level of HER3 [25], which acts a crucial and essential
function in HER2-mediated BC development and
progression by the PI3K/ Akt pathway activation [26].
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Additionally, we noted that only one of the oncogenic
microRNAs, miR-21, was over-expressed in TNBC, a
highly aggressive BC phenotype, compared to
non-TNBC. Concerning miR-21 in TNBC, our findings
were consistent with other studies [27, 28].

Our results reveal that two oncogenic
microRNAs, miR-155 and miR-222, were highly
expressed in BC tissue of lymph node metastasis
patients. This data signalled that miR-155 and
miR-222 might play critical roles in BC progression
and metastasis. A possible statistical relation in high
miR-21 levels and lymph node metastasis BC patients
was reported [29], whereas in our tumour cohort,
miR-21 expression levels did not significantly make a
causal connection with lymph node status.
Additionally, it was antecedently depicted that
up-regulated miR-221 and miR-222 levels are linked
with metastases formation in BC patients [30]. In our
tumour cohort, we demonstrated the association
between miR-222 levels and lymph node status.
However, no association could be identified between
miR-221 levels and lymph node status.

Previously, miR-221 has been shown to exhibit
an ambiguous pattern of expression, majorly
expressed in some BC sample tissues while entirely
absent in others [31]. Moreover, it was suggested that
levels of miR-221 depend on the tumor type and
cellular content [32]. Down-regulation of miR-205 in
TNBC patients was mutually related with lymph
node metastasis [33]. Our data revealed a decrease in
miR-205 expression levels in tumour tissues versus
paired adjoining normal tissues. Further to that, there
was no variation in the levels of miR-205 identified in
positive and negative lymph node status cancer
groups.

It was shown that molecular subtype of BC,
based on the expression of hormonal receptors and
HER?2, is useful in forecasting the risk of a lymph node
metastasis [34]. Two microRNAs, which were
demonstrated to be enhanced in BC patients that had
lymph node metastases relative to those BC patients
without lymph node metastases, were selected for
further analysis. We investigated the link between the
miR-155 expression and miR-222 expression in clinical
cohorts sub-divided to lymph node positive status
and molecular subtypes of BC. No significant
correlation between both microRNAs" expression
levels and hormonal receptor and HER2 status was
recorded, whereas both microRNAs expression levels
were substantially over-expressed in TNBC in relation
to non-TNBC in patients that have lymph node
metastasis.

Both miR-155 and miR-222 participate in EMT
regulation and the expression of these miRNAs leads
to the induction of tumour invasion-metastasis

cascade [30, 35, 36]. The data proposed that miR-155
and miR-222 might be effective biomarkers for BC
with invasive capabilities in the clinical stratification
of BC, especially TNBC. TNBC displays an extremely
aggressive tumour phenotype and a worse prognosis
in comparison with other BC subtypes. Thus, TNBC
patients have an increased likelihood of lymph node
and distant organ metastasis. Additionally, high risk
of progressive TNBC is often linked to inactivation of
the tumour suppressor BRCA1 [37]. It has been shown
that BRCA1 reduces the expression of miR-155
through the recruitment of histone deacetylase to the
miR-155 promoter [38].

Conversely, several studies suggested a
protective function of miR-155 in BC, especially in
TNBC [39]. Further study has shown that miR-155
directly binds to the RAD51 mRNA and thereby
reduced the protein level of RAD51 [40]. RAD51
participates in the homologous recombination, which
is a fundamental pathway for the repair of DNA
breaks produced by chemotherapeutic agents or
ionising radiation [40, 41]. Thus, over-expression of
miR-155 reducesthe efficiency of DNA double-strand
breaks repair and increases sensitivity to therapy,
which forms the killing lesion [42]. Apparently,
miR-155 might exhibit dual purposes that are founded
on cellular environment.

BC patients with positive lymph node status are
often treated using preoperative neoadjuvant
chemotherapy (NAC) than patients who do not have
detectable metastases. The impact of neoadjuvant
chemotherapy on the biology of BC cells is still
controversial. It is well known that chemical
compounds, including chemotherapeutic agents [43,
44, and 45], can regulate the expression of
microRNAs. Few studies have investigated the
consequences that chemotherapy has on miRNA
expression profiles. Although these profiles were
discovered, the mechanistic summary and the entire
potential of microRNAs is yet not realised. In the
present study, when the lymph node positive status
associated microRNA levels were compared, we
discovered that the miR-155 levels were substantially
down-regulated in BC tissues of patients who
received NAC compared to BC tissues of patients
without NAC. These results agree with a recent study
that examined alternations in gene expression in
tissue samples of BC patients treated using
neoadjuvant chemotherapy [46]. Microarray analysis
of BC tissues revealed genes that were significantly
deregulated after NAC. RAD51 gene expression was
up-regulated few hours after initiation of NAC.
Up-regulation of RAD51 may be driven by lower
expression levels of miR-155. It could be speculated
that despite initial sensitivity to chemotherapy,
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metastatic relapse seems to occur at higher rates,
especially for TNBC [47], by the decrease of miR-155
and the increase of RAD51 by NAC. Large,
well-planned research studies should be carried out to
affirm our hypothesis.

Thus, our data demonstrate that the miR-155 and
miR-222 levels are higher in BC tissues in relation to
those in matched adjacent tissues and correlated with
lymph node metastasis. These microRNAs might act a
part in BC progression, and detecting their cellular
levels should be further evaluated as prognostic
biomarkers for predicting the lymph node metastasis
of BC, especially in TNBC patients. Better
understanding of miR-155 and miR-222 can be
specifically useful in the betterment for BC prognosis
and treatment.
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