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Abstract
Background:

Dysregulated miRNA expression has been found in nearly all the stages of cancer process compared to
normal tissue. Certain miRNAs expression level is closely related to the histopathological parameters and
molecular subtypes of breast cancer (BC) as well as the response to treatment and prognosis.

Methods:

This prospective research has evaluated the level of expression of 5 miRNAs (miR-124a, miR-137, miR-
34a, miR-155, miR-373) in the primary tumor before and after chemotherapy in patients with operable BC.
The patients received 2-4 cycles neoadjuvant chemotherapy (NACT) and then underwent surgery –
mastectomy or breast conservation with axillary lymph node dissection. Assessment of all mRNAs was
analyzed in selected pathology specimens obtained during the biopsy and the targeted area taken by the
surgery.

Results:

A total of 34 patients were treated between February 2016 and December 2017 with median age of 53
years (23 – 75). 70.6% were HR-positive and 29.4% were HR-negative.

AntioncomiR-124a expression was mostly downregulated in primary BC tissue (p=0.001). The restored
expression of miR-124 (p=0.004) was observed after chemotherapy having reached the indistinguishable
level from non-tumor tissue.

The dynamics of miR-373 expression considered to be oncomiR was a 7.7-fold decrease level in the
primary tumor with continued suppress of expression compared to non-tumor tissue (p=0.006).

The expression levels of miR-34a, miR-137, miR-155 in the pathology specimens did not show the
differences compared to the surrounding non-tumor tissue (p>0.05).

The difference in the dynamics of the two suppressor miRNAs (miR-124a and miR-137) expression in HR-
positive BC was identi�ed. While the expression of miR-124a in the tumor tissue increases after NACT
(p=0.021), the expression of miR-137 continues to decrease (p=0.041) and does not differ from the levels
of non-tumor tissue (p=0.146).

There was no relation between the expression of the 5 studied miRNAs with histopathological
differentiation of the primary tumor and the pathomorphological response after NACT. A Cox proportional
hazards model did not con�rm the relationship between miRNAs expression level neither in primary tumor
nor in clinicopathological BC characteristics.

Conclusions:
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The differential regulatory effects of miRNA cannot be explained by the differences in expression alone
as paradoxical behavior of miR-373 shows. Taking into account the heterogeneity of the breast tumor, the
detected inconsistency of changes in the expression of two suppressor miRNAs (miR-124a and miR-137)
can be explained by their different regulatory functions. An accurate picture of the functioning of
microRNA requires further research due to its dynamic nature. 

Introduction
Breast cancer (BC) is a heterogeneous disease with different inter- and intratumoral heterogeneity. BC is
commonly classi�ed into the following intrinsic subtypes: luminal A, luminal B, human epidermal growth
factor receptor 2 (HER2/neu)-enriched and basal-like presented as triple-negative (TN). HR-positive
(hormone receptor) BC includes luminal A, luminal B and luminal B HER2-positive. HR-negative BC is
represented by HER2-enriched and TN subtypes [1]. 

In recent years, microRNAs attract signi�cant interest due to their regulatory involvement in cancer
initiation, progression and metastasis [2-4]. Studies have shown that certain miRNA signatures exhibit
differential expression and correlate with tumor aggressiveness, response to the therapy and outcome in
different tumors [5-7]. 

In addition, certain miRNAs expression level is closely related to the histopathological parameters and
molecular subtypes of BC as well as the response to treatment and prognosis [8-13]. It has been shown
that some microRNAs in BC activate the functions of oncogenes while others stimulate tumor
suppressors [4]. Despite of increasing the number of identi�ed miRNAs in humans, their role in the
regulation of gene expression is partially established on account of a large number of targets. Therefore,
the exact relationship between some miRNAs and the biological behavior of BC remains unclear and
requires further research.

miR-34 performs as a tumor suppressor preventing the development of various types of cancer [6, 14]. A
decrease in miR-34 levels activates epithelial to mesenchymal transition (EMT) programs, in which the
Snail1 pathway serves as a dominant effector of the invasive BC cell phenotype [15]. Downregulation of
miR-34a is associated with an unfavourable clinical outcome and prognosis of the disease [16]. High
concentrations of miR-34a in TNBC, the responsibility of overexpression of miR-34a for poor prognostic
factors (positive nodal status, high tumor grade, HER2-positivity, high proliferation rate) and the
occurrence of drug resistance to docetaxel in BC cells are described by other authors [17-19].

Other oncosuppressive miR-124 is characterized by high expression in normal tissues [20] and low
expression in most tumors [21-26]. Suppression of miRNA-124 expression in the tumor appeared to be an
independent predictor of poor survival [21, 22, 25, 27, 28]. 

Although different miR-124 targets are known in various tissues and tumor types [22-25, 29], the
regulation of miR-124 expression is only partially deciphered nowadays. Recent studies have shown that
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miR-124 downregulation is associated with tumor progression and may be a diagnostic and prognostic
biomarker [20, 21, 26].

miR-137 downregulation has been associated frequently with various types of cancer and to a great
extent with poor prognostic clinico-pathological parameters and decreased overall survival (OS) [30-35].
Studies have shown that miR-137 often performs as a tumor suppressor in gastric [36-39], colorectal
cancer [40, 41], cholangiocarcinoma [42], kidney [32, 33], ovarian [43], endometrial [44] and non-small cell
lung cancer [45, 46], melanoma [47, 48], triple-negative breast cancer (TNBC) [49, 50]. Recent studies,
however, have shown that miR-137 is upregulated in lung [51] and  bladder cancer [52]. 

The relation between miR-137 and BC has been established in the last few years but the data is
con�icting. The levels of this miR were remarkably low in unfavourable TNBC [49, 50], and at the same
time there is an evidence of high levels of miR-137 in BC samples associated with a decrease patient
survival [53]. 

miR-155 is upregulated in tumor tissue and performs as an oncogenic miRNA (oncomiR) in kidney [54],
gastric cancer [55] and BC [14, 56] ). 

The meta-analysis has shown that the determination of miR-155 expression level has a diagnostic
potential for detection of BC [57]. miR-155 upregulation was reported as an indicator of breast tumor
invasiveness, late-stage BC with lymph node metastases, high grade and poor prognosis [56, 58, 59].
However, in another study miR-155 overexpression was determined protective and correlated with a better
BC prognosis [60].

miR-373 was initially identi�ed as a potential oncomiR involved in the development of human testicular
germ cell tumors. It was noted previously that miR-373 expression was more common for embryonic
tumors and was rare in somatic tumors [61]. 

Overexpression of miR-373 is associated with lymph node metastases in BC [62] and poor OS in
squamous cell head and neck cancer [63]. At the same time the other studies have shown the suppressive
role of miR-373 with contribution to tumor invasion [5, 64-66]. The patients with low miR-373 expression
were found to have shorter OS and progression-free survival (PFS) [64]. 

The purpose of the present study is to determine the level of expression of 5 miRNAs (miR-124a, miR-137,
miR-34a, miR-155, miR-373) in the primary tumor before and after chemotherapy in patients with
resectable BC and assess the clinical signi�cance of the results.

Methods
A total of 34 patients (³ 18 years old) with a con�rmed histologic diagnosis of breast cancer were enrolled
in the study treated at National Cancer Institute (Ukraine) between May 2016 and December 2017. All the
patients gave written informed consent obtained before the procedure or treatment. The present study
was approved by the local Ethics Committee. 
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The average age of the patients was 53 years old (the range from 23 to 75). The half of patients (50%)
were diagnosed with locally advanced (T3 N1-3 M0) disease (Table 1). The majority of patients were HR-
positive (n=24; 70.6%) and a smaller part – HR-negative (n=10; 29.4%). 

The clinical stage of TNM was assessed by physical examination and mammography, ultrasound of the
breast, axilla and abdomen, chest X-ray or computed tomography scan. Demographic data and medical
history were collected from medical records. 

Prior to treatment, ultrasound-guided core needle biopsies using an automatic biopsy instrument (Fast
Gun, Sterylab) were collected from 34 female patients. Three – four specimens were obtained from each
lesion, half of them were enclosed in Eppendorf tubes containing DNA/RNA Shield reagent for sample
preservation, then frozen at −70°C for subsequent miRNAs pro�ling. 

Patients received NACT intravenously a day in 21-day cycles. Preoperative treatment was 2-4 cycles. The
following NACT regimens were used: FAC (doxorubicin 50 mg/m2, cyclophosphamide 500 mg/m2, 5-
�uorouracil 500 mg/m2), AT (doxorubicin 50 mg/m2, docetaxel 75 mg/m2 or paclitaxel 175 mg/m2), AC
(doxorubicin 60 mg/m2, cyclophosphamide 600 mg/m2) and TC regimen (docetaxel 75 mg/m2 plus
cyclophosphamide 600 mg/m2).

All the patients following NACT underwent surgery – mastectomy or breast conservation with axilliary
lymph node dissection. Specimens from tumor tissue of 34 patients and from 15 of them obtained paired
adjacent non-tumor tissues were collected in Eppendorf tubes containing DNA/RNA Shield reagent and
frozen at −70°C for subsequent miRNAs pro�ling.

Para�n-embedded tumor samples were evaluated by immunohistochemical staining analysis for
estrogen receptor (ER) (clone EP1; Dako, Denmark), progesterone receptor (PgR) (clone PgR 636; Dako)
and Ki-67 (clone MIB-1; Dako). HER2 status was evaluated by immunohistochemical or by �uorescence in
situ hybridization according to the manufacturer’s instructions.

All tumors were graded by the study pathologists according to Nottingham grading system. Pathological
response in the postsurgery specimens was assessed by local pathologists using Miller-Payne scoring
system with the evaluation of residual tumor cells. Pathological complete response was de�ned as non-
invasive residual disease in breast tissue and auxillary lymph nodes after NACT as reported
previously [67]. 

Analysis of miRNA expression

RT-qPCR (reverse transcription quantitative polymerase chain reaction) assays were performed to
determine the expression level of miR-124a, miR-137, miR-34a, miR-155 and miR-373. Assessment of all
mRNA was analyzed in a sample of tumor tissue obtained during the biopsy and the targeted area taken
by the surgery. 
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To isolate total RNA and microRNA, the NucleoSpin miRNA kit (Macherey-Nagel, Germany) was used
according to the manufacturer's protocol. 

The results were detected in real time using the 7500 Real-Time PCR System ampli�er and a mixture of
Universal PCR Master Mix reagents (Applied Biosystems, USA). TaqMan® MIRNA Assays primers (mmu-
miR-124a, hsa-miR-155, hsa-miR-34a, hsa-miR-373, mmu-miR-137) were applied to detect microRNAs in
the q-PCR reaction.

The following temperature regimen was taken for the PCR reaction: activation of AmpliTaq Gold DNA
polymerase at 50°C for 2 minutes, primary denaturation 95°C for 10 minutes, accumulation of the
ampli�cation product for 40 cycles 95°C - 15 seconds, 60°C - 60 seconds. 

The Ct method was made to normalize the expression levels of target genes by correcting the difference
in the amount of cDNA relatively to the endogenous control for microRNA U6B (TaqMan® MicroRNA
Control RNU6B). miRNA expression level was calculated by the ΔCt method.

Statistical analysis

Statistical data were analyzed in the same patients before and after NACT. In order to control the results,
paired adjacent non-tumor tissues in the postoperative specimens were collected from the same
patients. 

Pearson test χ2 (for qualitative variables) and Wilcoxon test (for quantitative variables) were used to
compare clinical and pathological data in the groups before and after treatment. A Mann-Whitney test
was applied to compare the differences of HR–positive and HR–negative BC. A Kruskal-Wallis test and
post hoc analysis (Dunn’s test) were performed to compare the differences in miRNA levels of more than
two groups.

Multivariate analysis of the prognosis factors with a Cox proportional hazards model was made. P<0.05
was considered to indicate a statistically signi�cant difference.

Results
The clinicopathological characteristics before and after treatment listed in Table 1 summarize the stage
of disease and index of proliferation. As shown in Table 1, the increase in the number of lymph nodes-
negative patients from 11.8% to 29.4% after NACT was statistically insigni�cant (p=0.289). There was
also no statistically signi�cant difference in the dynamics of Ki 67 values and in the tumor tissue before
and after NACT (p=0.855).

Among all the miRNAs studied antioncomiR-124a expression was the most signi�cantly (p=0.001)
downregulated in primary BC tissues (Table 2). After NACT a signi�cant increase in miR-124a expression
(p=0.004) is observed in the tumor reaching a level that is indistinguishable from non-tumor tissue.
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The dynamics of miR-373 expression considered as oncomiR seems to be interesting. After the treatment,
there was a 7.7-fold decrease in miR-373 expression levels in the primary tumor with continued suppress
of expression compared to non-tumor tissue (p=0.006).

The expression level of the remaining miRNAs (miR-34a, miR-137, miR-155) in the tumor tissue did not
show the differences before and after treatment compared to the surrounding non-tumor tissue (p>0.05).

Subgroup analysis revealed a difference of two suppressor miRNAs in HR-positive BC patients. The
dynamics of the expression levels of suppressors miR-124a and miR-137 in HR-positive BC is shown in
the �gures (Fig. 1, 2). While the expression of miR-124a in the tumor tissue signi�cantly increases after
the treatment (p=0.021) the expression of miR-137 continues signi�cantly to decrease (p=0.041) and
does not differ from the levels of non-tumor tissue (p=0.146). At the same time the differences in the
dynamics of expression of the studied miRNAs in the tumor tissue of patients with HR-negative BC were
not found.

Besides there was no correlation between the expression of the 5 studied miRNAs with histopathological
grading of the primary tumor (Table 3) and pathomorphological response after NACT.

Composite measure of recurrence risk for each patient was determined from a Cox model incorporating
age, stage, tumor size, nodal status, Ki-67 index and expression levels of 5 investigated miRNAs (Table 4).
Regarding to multivariate analysis of the prognostic factors with a Cox proportional model the
relationship between miRNAs expression level in primary tumor and clinicopathological BC
characteristics was not con�rmed.

Discussion
In the era of personalized treatment miRNAs stand out among predictive markers as to their potential
clinical application. In almost all the stages of the cancer process (cell cycle, apoptosis, invasion,
angiogenesis), dysregulated miRNA expression has been found when compared to normal tissue [3, 4, 12,
14, 68].

The set and expression level of miRNAs and the corresponding DNA methylation pattern are strictly
controlled and highly speci�c for each normal tissue including the epithelium and stroma. In cancer these
patterns undergo profound changes that occur both in the primary tumor tissue and in the adjacent
microenvironment [3, 12, 14]. 

The levels of expression of several miRNAs were determined in this study and was made an attempt to
identify the relationship with the clinicopathologic properties of BC and the response to NACT.

miR-34a

The potential links between oncogenic processes, miR-34a expression and the regulation of the activity of
the Snail1 transcription factor responsible for EMT, cell migration, invasive growth and metastasis have
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been established previously [15]. 

The changes of miR-34a expression either in the primary tumor tissue or after the treatment in patients
with BC were not detected in the research. An explanation to that is the analysis carried out was of early-
stage, non-metastatic BC and accordingly prior to the reactivation of the EMT-like programs.

miR-124 

The ability of oncosupressor miR-124 to regulate the proliferation of tumor cells is signi�cant for a
therapeutic strategy [29]. The overexpression of miR-124 can inhibit the proliferation of tumor cells and
reduce tumor growth increasing the sensitivity of cells to chemotherapy in vitro [21, 23, 29].

The restored expression of miR-124 was observed after chemotherapy (p=0.004) in the general study
group and in the HR-positive BC subgroup (p=0.021).

Earlier strong evidence was presented that high miR-124 expression may be an independent marker of a
favourable prognosis in many oncological diseases including invasive BC [20, 21, 69], while reduced miR-
124 expression correlated with lymph node metastases and low OS [27, 28].

miR-137

miR-137 negatively regulates a wide range of downstream targets in various types of cancer and can
target multiple transcripts like miR-124 [41, 70].

A decrease in the level of tumor supressor miR-137 expression after NACT in HR-positive BC patients
(p=0.041) have been found in current research. It is known that a number of microRNAs are expressed
differently in the luminal and basal subtypes of BC re�ecting their epithelial and myoepithelial nature
respectively [2, 10, 71]. Other researchers noted that the expression levels of most miRNAs were mostly
lower in HR-negative BC [50, 71].

The continued decrease in miR-137 expression after NACT is more characteristic for behaviour of
oncomiR. The frequency of aberrant methylation leading to downregulation miR-137 and affecting
oncogenesis is only 37% and, therefore, it is not always possible to observe behavior of miR-137 as a
oncosuppressor [72].

On the other hand, the expression of the estrogen-related receptor α (ERRa), which plays an important role
in the progression of BC, is regulated by miR-137. There is an inverse relationship between the level of
miR-137 and the expression of ERRa, that is, with a decrease level in miR-137 there will be a dysregulation
of ERRa which may contribute to BC tumorigenesis [70].

In this case BC cells respond to systemic treatment by decreasing miR-137 expression. It can be
assumed that miR-137 may also function as an oncomiRNA depending on the context of the transformed
cells after NACT. 
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A reasonable explanation for this phenomenon may be the complexity of the regulation of gene
transcription. The transcription of a particular gene is controlled by several transcription factors and the
change in miRNA expression level is the result of the dynamic balance of each component in this
complex [73]. As mentioned above a single speci�c microRNA can also target more than one transcript.
That means ERRa is not the only transcription factor targeted by miR-137 but, moreover, miR-137 may
play different roles depending on the different tumor microenvironments. 

Some microRNAs have large mismatches between expression levels and activity to repress their targets.
As noted before there is a very weak positive correlation between miRNA expression and their regulatory
effects [71]. It is likely that miR-137 is one of them and the ability of miRNAs to repress their targets may
not be re�ected in their expression level.

miR-155

The oncogenic role of this microRNA (miR-155) in primary BC has been previously shown in a number of
studies [58, 59, 74] and signi�cant suppression of this microRNA was observed in patients with
metastatic disease [19]. The level of miR-155 overexpression decreased after surgical resection, chemo-
or radiotherapy and correlated with a decrease in tumor volume [56, 75]. Other studies have shown that
overexpression of miR-155 predicts resistance to systemic BC therapy [11, 76].

No signi�cant changes in the expression of miR-155 in tumor tissue during treatment have been found
(p=0.741). 

miR-373

MiR-373 expression levels may re�ect different degrees of activity and the ability of tumours to
metastasize [62]. Thus, overexpression of miR-372/373 contributes to induction of the invasive
phenotype by targeting CD44 [14, 62, 77]. According to the other data overexpression of miR-373 on the
contrary can suppress cell proliferation and tumor growth [78]. So, miR-373 suppressed or elevated is
involved to the oncogenesis of various types of tumors [79]. It is not di�cult to understand
the phenomenon of paradoxical behavior of miR-373 taking into account the heterogeneity of the
tumor [79]. 

Can the study of clinical samples shed some light to the functions of miR-373? The data remains
inconsistent. On the one side, increasing miR-373 expression was positively correlated with a more
malignant phenotype, HER2/neu-positive BC, lymph node involvement and the late stages of the
disease[62, 80, 81]. On the other side, miR-373 expression was negatively correlated with lymph node
metastases and reduced levels of this microRNA in the serum of HER2/neu-positive BC patients [19, 82].

A suppression of miR-373 expression in the primary tumor and further level decrease after NACT were
found in the present study (p=0.006). The suppression of miR-373 on the background of CT may underlie
some antitumor effects also increase radiosensitivity and inhibit the migration and invasion of tumor
cells [83]. 
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Other authors, on the contrary, demonstrate the effect of NACT on serum concentrations of miR-373 in
the form of an increase in its levels [81]. According to the authors [5], genome-wide erasure of DNA
methylation occurs due to the in�uence of cytotoxic therapy which leads to re-expression of miR-373 and,
as a result, to an apoptotic effect in cancer cells..

Indeed, studies show that miR-373 can have both oncogenic activity and exhibit the properties of tumor
suppressors [79]. 

Conclusions
In conclusion it should be said that the miRNA regulatory network is quite complex and the differential
regulatory effects of miRNA cannot be explained by differences in expression alone. The result of the
action of some microRNA clusters can be a multiple attack on a common target or a coordinated control
of a number of independent targets [73]. So far, most of the role of miRNAs is understood only from
studies on cell culture models and a limited number of clinical observations.

Taking into consideration the heterogeneity of the breast tumor the detected changes in miRNA
expression levels between HR-positive and HR-negative may depend on the cellular context and pre-
existing genetic or epigenetic damage. The inconsistency of changes in the expression of two suppressor
miRNAs (miR-124a and miR-137) may be due to their different regulatory functions. The phenomenon of
paradoxical behaviour of miR-373 can be explained by the deregulating one particular miRNA which
depends on the genetic characteristics of the tumor cells and the tumor microenvironment.

An accurate picture of microRNA functioning requires further research in order to explain its dynamic
nature.
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Table 1. The Clinicopathological Characteristics
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Characteristic No of Patients (%)

N=34

p

Before treatment After NACT

Stage of cancer  

I 0 (0.0) 1 (2.9) 0.563

IIA 4 (11.8) 8 (23.5)

IIB 13 (38.2) 8 (23.5)

IIIA 9 (26.5) 8 (23.5)

IIIB 7 (20.6) 7 (20.7)

IIIC 1 (2.9) 2 (5.9)

N-negative 4 (11.8) 10 (29.4) 0.289

N- positive 30 (88.2) 24 (70.6)

Index Ki 67  24.8 

(16.60 to 42.60)

25.9

(15.03 to 39.10)

0.855

 

 

Table 2. The Levels of MRNA From Primary Tumor, After NACT and Adjacent Non-tumor Tissues
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miRNAs  n Expression level of mRNA

Median (25 - 75 P)

p

tumor tissue adjacent non-tumor
tissue

n=15Before treatment After NACT

miR-34a 34 0.814

0.296 – 2.144

0.688

0.144 – 4.000

0.933

0.435 – 2.841

0.733

miR-
124a

 

32 0.00325*

0.000623 –0.0170

0.0192**

0.00337 –0.107

0.149

0.0266 – 0.616

0.001*

0.004**

 

miR-137

 

29 0.0012

0.000206 –0.0204

0.000213

0.0000396 –
0.00176

0.00052

0.0000256 – 0.00419

0.146

miR-155 34 0.789

0.177 – 5.657

0.407

0.0884 – 7.464

0.707

0.278 – 2.327

0.741

miR-373 29 0.000488

0.0000405 –
0.00427

0.0000678*

0.00000915 –
0.00112

0.00378

0.00159 – 0.0110

0.006*

 

* – the difference from the group with non-tumor tissue, p<0.05

** – the difference from the group before treatment, p<0.05

 

 

Table 3. Assosiciation Among Expression Levels of MicroRNAs and Histological Tumor Grades 
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miRNAs Histological tumor grade

Median  (25 - 75 P)

p

Grade 1 (n=4) Grade 2 (n=19) Grade 3 (n=8)

miR-
34a

0.988 

(0.798 to 1.311)

0.574 

(0.224 to 1.961)

0.912 

(0.282 to 13.126)

0.726

miR-
124a

0.00995 

(0.00137 to 0.110)

0.00148 

(0.00045 to 0.0116)

0.00225 

(0.00148 to 0.0101)

0.712

miR-
137

0.00115 (0.00037 to
0.00192)

0.000977 (0.0000835 to
0.0139)

0.000488 

(0.000166 to 0.285)

0.908

miR-
155

0.308 

(0.177 to 0.715)

0.467 

(0.09 to 3.258)

1.66 

(0.265 to 27.527)

0.392

miR-
373

0.00093 (0.000247 to
0.0314)

0.000456 (0.0000289 to
0.00527)

0.000431 (0.000047 to
0.000834)

0.771

 

 

Table 4. Cox Proportional Analysis of the Prognostic Factors 

Covariate Coe�cient of Cox model, b Standard error, SE p

miR-34a -0.088 0.080 0.271

miR-124a -48.0 46.6 0.303

miR-137 -6.8 11.0 0.537

miR-155 -0.19 0.26 0.465

miR-373 -0.43 2.89 0.883

Age  -0.039 0.027 0.147

Stage  0.15 0.72 0.835

T -0.04 0.36 0.914

N -0.08 0.55 0.891

Ki-67 0.016 0.017 0.337
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Figures

Figure 1

The expression of miR-124a in primary tumor tissue was increased after treatment with patients HR-
positive BC (p<0.05)
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Figure 2

The expression of miR-137 in primary cancer tissues was decreased after treatment with patients HR-
positive BC (p<0.05)


