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Background: It is shown that each type of human malignancies has a unique set of expressed miRNAs,
and tumor-specific miRNAs in biological tissues of a patient are stable.

The aim of this study was to determine the differences in the expression of miRNAs in tumor tissue of
invasive breast carcinoma compared to normal tissue, as well as to analyze the variable expression of

Keywords: miRNAs in molecular genetic subtypes of breast cancer.

Breast cancer Methods: We determined differences in mRNA expression in 35 biopsies of tumor tissue of various
miRNA molecular genetic subtypes of breast cancer and 35 biopsies of adjacent conventionally normal breast
ROC-analysis

tissue by RT-PCR in real time. We assessed the expression levels of miRNA-21, 221, 222, 155, 205, 20a ,
125b and 200a.
Results: A significant increase in the level of expression of the oncogenic miRNA-20a (p=0.000141) and
miRNA-221 (p=0.037777) in the triple negative cancer in comparison with the luminal A and luminal B/
HER2/neu-negative breast cancer subtypes was established. Assessment of significance of the results was
conducted using ROC analysis. For miRNA-221 AUC value was 0.772, for miRNA-20a AUC value was 0.949.

The obtained results suggest the possibility of using the levels of miRNA-21, 155, 205, 125b expression
in tumor tissue to assess a malignant potential of a breast carcinoma. The levels of expression of on-
cogenic miRNA-221 and miRNA-20a are increased in TNBC compared with luminal A and luminal B/
HER2/neu-negative breast cancer subtypes, supporting the characteristic of TNBC as the most aggressive
subtype of breast cancer. MiRNA-20a is a marker of TNBC compared with luminal subtypes of breast
cancer.
Micro abstract: To identify markers for breast cancer with triple-negative phenotype, we evaluated ex-
pression levels of siRNA-21, 221, 222, 155, 205, 20a, 125b, 200a and 146b in the tumor tissue of 35
patients by RT-PCR. AUC value equal to 0.949 in the ROC-analysis allows us to recommend the miRNA-
20a as a marker of triple negative breast cancer to differentiate it from the luminal subtypes.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction violations in expression of various genes. It was found that each

human tumor type has its own specific set of miRNAs ("signature”

The discovery of molecules that inhibit protein synthesis in the
post-transcriptional level (miRNAs) has provided new opportu-
nities for the determination of specific markers of malignant tu-
mors. MicroRNAs in normal cells regulate the expression of genes
which determine almost all of the vital processes [4,6]. Various
cells express specific miRNA, depending on the characteristics of
their metabolism, type, degree of differentiation and proliferation
intensity. The phenotype of a malignant tumor is determined by
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of the tumor) [22]. MiRNA database created in 1993 in the 21
version (June 2014) contains information about 2588 human
miRNAs [13]. Breast cancer (BC) is a malignancy developing from
the epithelial cells of ducts and lobules of the breast. In econom-
ically developed countries, breast cancer is the most common form
of cancer in women. The highest standardized incidence rates of
breast cancer —32% of all newly diagnosed cases of cancer in
women - are registered in the United States. In Russia in 2006, the
incidence of breast cancer among patients with malignant tumors
was 17.8%. However, determination of the molecular tumor mar-
kers has prognostic significance. Testing venous blood for tumor
markers is not highly specific, so it is not used for primary diag-
nosis of breast cancer. At the end of the 1990s, the group of tumors
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in which estrogen and progesterone receptors are not detected
and the amplification of HER-2-neu gene is not observed - the so-
called triple-negative breast cancer — was identified among ma-
lignant breast tumors [15]. Today, it is found that in approximately
80% of cases, triple negative and basal breast cancer concur. But
the triple negative breast cancer includes some special histological
types. Thus, staining for the basal keratins is not considered to be
reproducible enough for widespread use. In practice, clinicians are
faced with situations where luminal subtypes of breast cancer
characterized by the most favorable course, behave aggressively,
so the disease progresses rapidly and often ends in death. Con-
versely, the most aggressive cancer with triple-negative pheno-
type can occur indolent for years and do not require adjuvant
therapy treatments. All this requires a search for additional mo-
lecular genetic markers that can help to individualize the treat-
ment of patients with breast cancer. Opening molecule inhibitors
of protein synthesis in the post-transcriptional level — microRNAs
(miRNAs) has provided new possibilities in finding specific mar-
kers of tumors.

Today, increased expression of 13 miRNAs and reduced ex-
pression of 49 miRNAs is established in breast cancer with speci-
ficity of 78.8% and sensitivity of 92.5%. The correlation with stage,
metastasis, prognosis and survival period is shown. The chosen
profile includes miRNA whose role in tumorigenesis is more or less
established in tissue cultures, in animal models, in malignant tu-
mors of other localizations. In breast cancer, the oncogenic role is
known of the miRNA-21 [20,26], miRNA -155 [20,25,27], miRNA
-221 and miRNA -222 [1,19], miRNA -125 [28]. Oncosupressing
role is shown for miRNA-200 [11] and miRNA-205 [12]. Tumor-
specificity without regard to metastatic disease is shown for
miRNA-146 [7]. We could not find data neither on the role of
miRNA-20 in breast cancer, nor on variability of expression of
miRNAs in tumor tissue in different breast cancer subtypes in the
available literature. In connection with the above, the purpose of
the present study was to investigate the expression profile of
miRNAs in tumor tissue in different phenotypes of breast cancer.

2. Materials and methods

The material for the study were 35 biopsies of tumor tissue and
35 biopsies of adjacent conditionally normal tissue, respectively,
obtained during radical surgical treatment of 35 patients with a
diagnosis of breast cancer in Regional Clinical Oncology Center of
Ulyanovsk in 2014. Surgical treatment was carried out without
prior exposure to chemoradiation. The average age of patients was
50 + 5,3 years. Stage of the process was confirmed pathologically
after surgery and was determined according to the international
TNM classification in the 7 edition of 2010. 11 cases were diag-
nosed with stage I disease, 17 cases — II stage, 7 cases — III stage.
The 26 biopsies of breast tumor tissue revealed luminal A and
luminal B /| HER2/neu-negative breast cancer; 6 cases had triple
negative cancer phenotype; 1 biopsy was diagnosed with luminal /
HER2/neu-positive cancer and 2 cases - HER2/neu-positive cancer.
Clinical and morphological characteristics of patients and tumors
are presented in Table 1.

For storage and transportation of operational material, solution
for RNA stabilizing — RNA later was used, allowing to isolate RNA
from tissues and cells without freezing in liquid nitrogen. Isolation
of total RNA pool was carried out with a set of "Real Best extraction
100" ("Vector-Best", Novosibirsk) in accordance with the manu-
facturer's instructions. Reverse transcription was performed using
specific primers to the miRNAs: miRNA-21, miRNA-221, miRNA-
222, miRNA-155, miRNA-205, miRNA-20a, miRNA-125b, miRNA-
146b, miRNA-200a. The reverse transcription reaction was carried
out using the prepared reaction mixture "Real Best Master mix OT"

Table 1
Clinical and morphological characteristics of patients and brest malignant tumors.

Characteristic n %
Age (years)

Median (range) 50+5,3

<40 1 29
41-69 29 82,8
>70 5 143
Tumor location

uoQ 26 74,3
LOQ 3 8,5
uIQ 1 2,9
LIQ 5 14,3
Central 0 0
Histologic grade

1 1 29
11 20 571
m 14 40
Tumor size, cm

Median 2,3

Range 0,7-5,5

Tib(>1) 3 8,6
Tlc 16 45,7
T2 15 429
T3 1 2,8
Tumor type

Ductal 10 28,6
Lobular 10 28,6
Mix (ductal+lobular) 1 31,4
Atypical 4 11,4
Molecular type

Luminal A 16 45,7
Luminal B 10 28,6
Triple negative 6 171
Luminal HER2/neu positive 1 29
HER2/neu positive 2 57
Metastases in regional lymphatic nodes

Yes 16 45,6
No 18 51,4
TSM prognosis

Good 9 25,7
Indeterminate 12 34,3
Bad 14 40

NOTE: Tumor size was defined as the size of the invasive component in cen-
timeters. We classified tumor size as a categorical variable, using T stage according
to the 2007 TNM classification system.

TSM (Total Score of Malignancy) was counted as a sum of points of following
parameters: tumor degree of differentiation (1-3 points), cell polymorphism (1-3
points), mitotic activity (1-3 points), the nature of invasive growth (1-5 points),
tumor emboli in stroma vessels (0-3 points) and cell reaction in tumor stroma (0-3
points). All patients were distributed into three prognostic groups depending on
the value of TSM: good prognosis (4-13 points), intermediate prognosis (14-15
points) and poor (bad) prognosis (16-20 points).

Molecular type of tumor was defined immunohistochemically according to hor-
mone receptor status, HER2/neu status and ki-67 grade. Luminal A type contains
estrogen and progesterone positive, HER2/neu negative, ki-67 lower 20% variants of
tumors. Luminal B type contains estrogen and progesterone positive, HER2/neu
negative, ki-67 above 20% variants of tumors. Triple negative type includes estro-
gen and progesterone negative, HER2/neu negative tumors regardless of the ki-67
grade.

Positivity of estrogen and progesterone receptors was defined as at least 10% or
more immunostained cells.

Regional lymphatic nodes include axillary and supraclavicular nodes on the side of
a tumor.

Abbreviations: UOQ - upper outer quadrant; LOQ - lower outer quadrant; UIQ -
upper inner quadrant; LIQ - lower inner quadrant; SLN, TSM - Total Score of
Malignancy.

("Vector-Best", Novosibirsk). The cDNA obtained in a volume of
3 ul was used directly as the template for PCR. Measurement of
expression levels of miRNAs was performed by real time PCR
thermocycler CFX96 (Bio-Rad Laboratories, USA) [2]. As a reference
gene we used small RNA U6. We have shown that if we take not an
individual U6 for each sample, but a median value of U6 and
continue to maintain the calculation of the expression of
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Table 2
The final table of the individual and the median U6.

mir-21 mir-221 mir-222 mir-155 mir-205 mir-20a mir-125b mir-146b mir-200a
U6 individual 2,29 —2,46 —2,07 3,63 —7.89 —1,08 —5,55 —1,18 1,60
U6 median 2,23 —-2,33 -1,75 3,12 —6,19 1,04 —6,50 —1,02 1,40
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Fig. 1. The calculation on the individual U6 value.
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Fig. 2. The calculation on the median U6 value.

Table 3

Changes in the levels of expression of miRNA in the tumor tissue of luminal A and B luminal/HER2/neu-negative subtypes of breast cancer compared to adjacent mor-

phologically intact tissue.

miRNA

155 21 200a 146b 205 125b 221 222 20a
Difference 3.68 3.66 1.78 1.02 7.84 7.78 1.71 1.56 117
Dynamics increase Decrease
P 0.000096 0.000980 0.082627 0.744125 0.000050 0.000020 0.006062 0.016630 0.212682

Note: p < 0.05 - statistically significant differences between the tumor tissue and adjacent morphologically intact tissue.

Table 4

Changes in the level of expression of miRNAs in the tumor tissue in TNBC compared with adjacent morphologically intact tissue.

miRNA

155 21 20a 200a 146b 125b 205 222 221
Difference 7.01 3.23 3.16 2.52 197 1045 3.50 1.86 112
Dynamics increase Decrease
P 0.111111 0.055555 0.031746 0.095238 0.547619 0.015873 0.007936 0.547619 0.841269

Note: p < 0.05 - statistically significant differences between the tumor tissue and adjacent morphologically intact tissue.

microRNAs on the median U6, and not on the value of U6 for each
sample, it does not affect the median levels of expression.

of microRNA (Table 2, Figs. 1 and 2).

The PCR reaction was performed in a volume of 30 ul with the
prepared reaction mixture "Real Best Master Mix" ("Vector-Best",
Novosibirsk) and a solution of forward and reverse primers (5 um)
and a probe (2.5 um). The levels of miRNAs expression were
measured by the method of RT - PCR in real time. Statistical ana-
lysis was performed using non-parametric Mann-Whitney U test
in the Statistica 10.0. In order to evaluate the significance of the

differences found, we performed mathematical processing by
constructing ROC — curve using the IBM SPSS Statistics 21 software.

3. Results and discussion

All the miRNA are divided into oncogenes and oncosupressors
depending on their role in carcinogenesis of breast cancer. MiRNA is
oncogenic when its target is an oncosupressing gene, and conversely,
the miRNA is oncosupressing if its target is oncogene. It should be
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Table 5
Changes in the expression of miRNAs in TNBC compared with luminal subtypes of
breast cancer.

miRNA Difference Dynamics P

miRNA - 221 43.03 increase 0.0377779
miRNA - 222 113 Increase 0.2246853
miRNA - 20a 6.42 Increase 0.0001413
miRNA - 200a 2.39 Increase 0.0965447
miRNA - 155 233 Increase 0.3078420
miRNA - 21 1.99 Increase 0.3813739
miRNA - 146b 1.63 Increase 0.1185532
miRNA - 125b 1.89 decrease 0.2641339
miRNA - 205 1.01 decrease 0.8265458

Note: p < 0.05 - statistically significant differences between the tumor tissue and
adjacent morphologically intact tissue.

noted that one miRNA can act either as oncogene, or as oncosu-
pressor depending on the target gene, as well as on the tissue in
which it is expressed [9]. We analyzed the expression of nine miR-
NAs: miRNA-21, -221, -222, -155, -205, -20a, -125b, -146b, -200a in
tumor tissue of luminal A and luminal B/HER2/neu-negative breast
cancer subtypes compared to the adjacent morphologically un-
changed tissue. We obtained statistically significant differences of
expression levels for seven miRNA: miRNA-21, -221, -222, -155, -205,
-125b, -200a. The most significant differences in tumor tissue and
adjacent morphologically intact tissue (more than 3-fold) was ob-
served for two oncogenic miRNAs: miRNA — 155 and miRNA - 21 and
two oncosupressing miRNA: miRNA-205 and miRNA-125b (Table 3).
Several studies have shown that miRNA-21 is an oncogene and in-
hibits tumor suppressors PTEN and Pdcd4 [16], and also correlates
with the stage of malignancy [3]. Simultaneously, it was shown that
miRNA-155 is also oncogenic and is involved in a variety of cellular
processes such as regulation of proliferation, migration, invasion,
epithelial-mesenchymal transition (EMT) and the immune response
[14,18]. Wang et al. showed that in cultured breast cancer cells,
overexpression of miRNA-205 inhibits proliferation, increases apop-
tosis and reduces the invasion of breast cancer cells, characterizing
miRNA-205 as a oncosupressor [23]. MiRNA-125b is also an onco-
supressor for breast cancer and reduces the proliferative activity of
the cells [5,24]. Thus, miRNA-205 and 125b play a key role in the
progression and development of breast cancer. It is noticeable that
the level of expression of miRNA-200a increases almost 2-fold in
tumor samples compared to adjacent morphologically intact tissue
(Table 3). MiRNA-200 family regulates the EMT in different types of
cancer, and correlates with the presence of lung metastases [10,21].

We assessed the expression of nine miRNAs: miRNA-21, -221,
-222, -155, -205, -20a, -125b, -146b, -200a in tumor tissue in pa-
tients with triple-negative phenotype of breast cancer (TNBC)
compared with the adjacent morphologically intact tissue. We
obtained statistically significant differences for the levels of ex-
pression of the three miRNAs: miRNA-20a, -205, -125b (Table 4).
Numerous studies have shown that miRNA-20a is oncogenic and is
overexpressed in breast cancer [8]. We also observed a significant
reduction (more than 3-fold) of the expression of 2 oncosupres-
sing miRNAs: miRNA-125b and -205 in tumor tissue as compared
to adjacent morphologically intact tissue. As described above,
miRNA-205 and miRNA-125b are the key players in carcinogen-
esis, and their decreased expression is associated with poor
prognosis in breast cancer. Furthermore, we observed a tendency
to increase the level of expression of oncogenic miRNA-21 and
miRNA-155 in the tumor tissue of triple negative breast cancer
compared to adjacent morphologically intact tissue.

A comparison of levels in 222 selected group of miRNAs be-
tween patients with luminal subtypes of breast cancer and

patients with TNBC was performed (Table 5).

We found that the level of expression of the oncogenic miRNA-
221 is 43 times higher in TNBC than luminal A and luminal B/HER2
| neu-negative breast cancer subtypes (p < 0.05). MiRNA-221 is an
oncogene and adjusts the two key mechanisms in tumor devel-
opment: inhibits suppressor p27 and promotes EMT by inhibiting
E-cadherin. In all probability, the miRNA-221 plays an important
role in TNBC [17]. We also found that the level of oncogenic
miRNA-20a was increased almost 7 times in TNBC compared with
luminal subtypes of breast cancer (p <0.001). Thus, increased
expression of oncogenic miRNA-221 and miRNA-20a is a dis-
tinctive characteristic of the TNBC and characterizes its more ag-
gressive development. ROC-analysis (Fig. 3) showed that the AUC
(Area Under Curve), calculated by the trapezoidal rule for all mi-
croRNAs, is more than 0.8, which indicates the high quality of the
models. Consequently, miRNA-21, -155, 205, -125b are good clas-
sifiers for assessment of malignant potential of breast cancers.
ROC-analysis (Fig. 3) also revealed that the AUC for miRNA-221 is
0.772, indicating a high significance of this criterion in under-
standing the differences between triple-negative breast cancer
and luminal subtypes. AUC value for miRNA-20a is 0.949, making
it an excellent marker for TNBC.

4. Conclusion

The obtained results suggest the possibility of using the levels
of miRNA-21, 155, 205, 125b expression in tumor tissue to assess a
malignant potential of breast cancers. The levels of expression of
oncogenic mMiRNA-221 and miRNA-20a are increased in TNBC
compared with luminal A and luminal B /| HER2 | neu-negative
breast cancer subtypes, supporting the characteristic of TNBC as
the most aggressive subtype of breast cancer. MiRNA-20a is a
marker of TNBC compared with luminal subtypes of breast cancer.

4.1. Clinical practice points

It is found that about 80% of the basal and three negative breast
cancer coincide. But the triple negative breast cancer includes
some histological types, the identification of which by basal ker-
atins staining is not reproducible enough for widespread use. In
the clinic, there are situations when the luminal subtypes of breast
cancer, characterized by favorable course behave very aggressively,
quickly progress and are fatal. Conversely, aggressive cancer with
triple-negative phenotype proceeds indolent for years and does
not require adjuvant therapy. In connection therewith, molecular
genetic markers are needed for breast cancer subtypes differ-
entiation. We found that the expression level of microRNA-221 is
43-fold higher, and level of microRNA-20 is 67 times higher in the
tumor tissue of triple negative breast cancer compared to the lu-
minal subtypes of breast cancer.

Formed microRNA expression profiles for a variety of molecular
genetic subtypes of breast cancer will allow to individualize the
treatment of patients with breast cancer.
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