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THE CLINICAL SIGNIFICANCE
OF TUMOR MIR-122, -155, -182, AND -200b
EXPRESSION IN PATIENTS WITH BREAST CANCER

The research was aimed at identifying the relationship between the oncogenic (-182, -155) and the onco-suppressive
(-122, -200b) miRNAs in tumor cells with clinical and pathological characteristics of breast cancer (BC) and at establishing
their clinical significance. MiRNA levels have been determined by reverse transcription polymerase chain reaction (RT-PCR)
in real time. The expression of estrogen (ER) and progesterone (PR) receptors, and Her2/neu epidermal growth factor has
been ascertained by immunohistochemical method. The correlation of these miRNAs expression with the disease stage,
the presence of metastatic lesion of local lymphatic nodes, the differentiation degree, and the tumor molecular subtype
has been established. The obtained results have confirmed the involvement of the tested miRNAs in the formation of BC
malignancy degree, their association with tumor aggressiveness and have defined the prospects of further studies of the

proposed miRNAs panel for their use as BC additional markers.
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Breast cancer (BC) is an actual oncology prob-
lem due to a high women morbidity in many
world countries [1]. In the gender-age structure
of cancer rate in Ukraine, the highest breast can-
cer mortality has been reported for women aged
30—74 years. Thus, working able women have a
share of 37% and more than 30% in the total
number of patients and died of disease, respec-
tively, which leads to significant losses of the life
potential of the female population of Ukraine [2].
The given indicators define the breast cancer as
the most actual and extremely important prob-
lem of oncology, which has both medical and so-
cial significance.
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Today, it has been established that diverse clin-
ical patterns of breast cancer, the absence of a
positive effect after standard treatment in pa-
tients of the same age with identical disease state,
histological form, and tumor differentiation are
related to the existence of inter- and intra-tumor
heterogeneity of malignantly transformed cells
population [3]. The intra-tumor heterogeneity
based on genetic instability is a multilevel bio-
logical phenomenon that is considered to be a key
factor in determining the tumor process both at
the beginning and in the course of development
of various forms of tumor progression, i.e. the dis-
ease aggressiveness [4]. According to many re-
searchers, the intra-tumor heterogeneity plays a
decisive role in the rate of tumor development,
stimulates its oncogenic potential and survival of
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cells in conditions of dynamic microenvironment
[5—6]. The intra-tumor heterogeneity manifests
itself as difference in morphological structure, ge-
netic and epigenetic status, as well as variability
in the expression of various markers, including
molecular genetic ones, among the cell popula-
tion groups [6].

Despite the results of numerous studies, the
correlation of tumor cells heterogeneity with ag-
gressiveness of breast cancer malignant process
requires a more detailed study. It is expedient to
consider the identification of new markers that,
alone or in combination with other well-known
indicators, could reveal additional mechanisms of
tumor growth and become the basis for evalua-
tion of key factors of tumor progression (metasta-
sis), namely: proliferation, adhesion, and invasion
of malignantly transformed cells [7]. In this re-
gard, the study of a new class of potential epige-
netic oncomarkers — the miRNAs — becomes in-
creasingly relevant. The miRNA is a class of small
noncoding RNA (19-30 nucleotides) functioning
at the post-transcription level as regulators of ex-
pression of many genes. Under physiological con-
ditions, the miRNAs are involved in many cellu-
lar processes, including proliferation, differentia-
tion, and apoptosis [8]. Expression of some
miRNAs is associated with the initiation and pro-
gression of many types of cancer, which is the ba-
sis for their use as criteria for diagnosing the tu-
mor progression and the dynamics of responses to
therapy [9]. Due to their stability they have a sig-
nificant advantage over other biomarkers, insofar
as starting with the early stages of carcinogenesis,
the tumors have a unique miRNA expression pro-
file [10]. The search and identification of these
tissue-specific markers with the tumor heteroge-
neity level taken into account is an extremely
promising area of modern oncology.

This study is aimed at determining the correla-
tion between the oncogenic (-182, -155) and the
oncosuppressive (-122 and -200b) miRNA ex-
pression in the tumor cells with BC clinicopatho-
logic characteristics and at establishing their
clinical relevance.

MATERIALS AND METHODS
OF STUDY

In order to verify the tumor process, a histo-
logical examination of BC patient surgical mate-
rial has been carried out. Having been fixed in
10% neutral formalin solution for one day, the
samples were prepared in increasing concentra-
tion spirits and poured in paraffin blocks. The
general tumor structure was assessed while scan-
ning histological sections stained with hematox-
ylin and eosin; the histological type of tumors
was determined according to the WHO Interna-
tional Histological Classification (2008).

An immunohistochemical study of estrogen re-
ceptor (ER), progesterone receptor (PR) and
epidermal growth factor (Her2/neu) expression
in tumor cells has been made to determine the
molecular subtype of tumors. As a result, the four
molecular subtypes of breast cancer have been
determined: the luminal A (ER+, PR+, Her2/
neu-), the luminal B (ER+, PR+, Her2/neu+),
the basal (ER-, PR-, Her2/neu-) and the Her2/
neu-positive (Her2/neu+) (ER-, PR-, Her2/
neut+). The immunohistochemical study of ER,
PR, Her2/neu in tumor cells was carried out on
paraffin sections (4—5 microns) using the appro-
priate monoclonal antibodies (ER (1D5 clone),
PR (PgR636 clone), and Her2/neu (c-erbB-2
clone) manufactured in Denmark, in accordance
with the manufacturer's instructions.

To detect the reaction, an EnVisionsystem
(Dako LSAB2 system, Denmark) visualization
system was used, according to the manufacturer's
recommendations. The sections were stained
with Meyer's hematoxylin. The expression of
studied proteins in the cells was assessed using a
light-optical microscope with further counting of
the cells using the H-Score method [14].

To study the miRNA expression on the patient
clinical material, the real-time reverse transcrip-
tion polymerase chain reaction (RT-PCR) meth-
od was used.

From 100 mg of BC tissue homogenate, total
RNA was isolated using Ribosol commercial kit
(Amplisents, Russia). The amount of isolated
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RNA was measured with the help of NanoDrop
2000c Spectrophotometer (ThermoScientific,
USA). The isolated RNA purity was controlled
using the ratio of optical absorption values at
wavelengths of 260 nm and 280 nm. The RNA
was dissolved in tris-EDTA buffer and stored
at —20 °C until the PCR ran. The RT-PCR was
performed on the AppliedBiosystems 7900HT
FastReal-Time PCR System hardware detection
system using TagMan MiRNA Assay (Thermo-
Scientific, USA) commercial kit for RT-PCR, in
accordance with manufacturer’s protocol. RNU48
miRNA was used as endogenous reference for the
objectification of expression parameters.

Relative expression of the studied miRNAs
was determined by the comparative dCT method
(relative units). The experiment was repeated
three times for each sample.

Statistical processing of the obtained results
was performed using STATISTICS 6.0 statistical
data processing program. The mean value differ-
ence significances were compared using the Stu-
dent t-test. The differences at p <0.05 were con-
sidered significant.

CLINICOMORPHOLOGICAL
CHARACTERISTICS OF BC PATIENTS

The study is based on analysis of the results of
a survey of 215 patients with I-III stage breast
cancer who received inpatient treatment at the
Kyiv City Clinical Cancer Center in 2014—2016
and gave an informed consent to the use of clini-
cal data for scientific purposes. The samples of
breast cancer surgical material stored in the clini-
cal database of the Department for Tumor Pro-
cess Monitoring and Therapy Design of the
Kavetsky Institute of Experimental Pathology,
Oncology, and Radiobiology of the NAS of
Ukraine were examined.

The tumor process stage was determined ac-
cording to the international tumor classification
(TNM, 6th edition, 2002, and 7th edition, 2009).
According to the history of the disease, all pa-
tients were subjected to general clinical, bio-
chemical, laboratory examinations, ultrasound
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Table 1

General Clinical Characteristics
of Breast Cancer Patients

Number of patients
Indicator
N %

Total number of patients 215 100
Patient age, years:

Mean 56.1+ 5.4

Age range 24—81
Menstrual function:

Active 60 279

Menopause 155 721
BC stage according to TNM:

Stage 1 46 21.4

Stage 11 104 48.4

Stage 111 65 30.2
Metastases in local
lymphatic nodes:

NO 149 69.3

N1-3 66 30.7
BC morphology:

Infiltrating ductal BC 147 68.4

Infiltrating lobular BC 68 31.6
BC differentiation

G1 (high) 60 27.9

G2 (moderate) 106 49.3

G3 (low) 49 22.8
Molecular subtype:

Luminal A 96 44.7

Luminal B 43 20.0

Basal 46 21.4

Her2 /neu+ 30 139

survey of the abdominal cavity, mammograms, x-
ray survey of the chest cavity, puncture biopsy of
breast tumors according to the standards of diag-
nosis and treatment of cancer patients as ap-
proved by orders of the Ministry of Healthcare of
Ukraine dated July 30, 2010, no. 645 and dated
June 30, 2015, no. 396.

The general characteristics of patients are pre-
sented in Table 1.
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RESULTS AND DISCUSSION

Using the resource http://mirbase.org, a panel
of miRNAs involved in oncogenesis, invasion,
and metastasis of breast cancer was selected.

The miRNA expression was studied depending
on the main clinical and pathological parameters
of breast cancer, namely: patient age, menstrual
status, breast cancer stage, presence of metastases
in local lymphatic nodes, tumor differentiation,
its histological structure and molecular subtype.

The analysis of the results has shown that the
studied cases of breast cancer are characterized
by a low expression of oncosuppressive miRNA-
122, -200b and by a high expression of oncogenic
miRNA-182,-155 (Table 2) as compared with the
normal breast tissue.

The obtained data have confirmed the associa-
tion of the selected miRNA panel with growth of
malignant neoplasms in the mammary gland.

The expression of oncosuppressive miRNA-
200b and miRNA-122 in tumor cells of breast
cancer patients up to 50 years old with menstrual
function has been established to exceed that for
the patients over 50 years with menopause twice
and 1.5 times, respectively. The cells of breast
cancer patients with menopause have an in-
creased expression of oncogenic miRNA-182 and
-155 (2.9 and 3.1 times, respectively).

The highest expression of oncogenic miRNA-
182 and -155 are observed in tumor cells of pa-
tients with the third stage of breast cancer (4.1 +

Table 2

Expression of Oncogenic and Oncosuppressive
miRNAs in the Normal and in the Malignant Tumor
Tissues of Mammary Gland

. Normal tissue, Tumor tissue,

miRNA . . . .
conventional units | conventional units

miRNA-122 6.4+ 0.45 1.7£049*

miRNA -200b 8.2+0.95 1.9£0.08*

miRNA -182 1.9+ 0.07 6.5+0.78 %

miRNA -155 13.6 +1.25 378 £3.73*

*p < 0,05 as compared with the normal tissue.

+0.77 and 2.7 + 0.53) as compared with the pa-
tients with the second stage (2.6 +0.39 and 1.4 +
* 0.35) and the first stage (1.7 £ 0.52 and 1.9 +
* 0.42). The higher is the BC stage, the lower is
the expression of oncosuppressive miRNA-122
and -200b (Fig. 1).

The expression of the studied miRNAs has been
found to correlate with metastatic lesion of local
lymphatic nodes of breast cancer patients. As can
be seen from the data shown in Fig. 2, for the pa-
tients with metastases, the expression of miRNA-
182, -155, -122, and -200b is equal to 3.4 + 0.85,
2.1+0.82,0.3+£0.05, and 0.2 £ 0.03 conventional
units, respectively, while for the NO category pa-
tients, the expression differs and amounts to 2.5 =
+0.29,1.9 £ 048,29 + 0.73, and 3.6 + 1.3 con-
ventional units, respectively.

The further analysis has enabled to establish
the dependence of the expression of some studied
miRNAs on the differentiation and molecular
subtype of breast cancer. It has been found that
the expression of oncosuppressive miRNA-122
and -200b in the tissue of high-differentiated
breast cancer is higher 3.6 £ 0.73 and 2.4 + 0.61
times than that in the moderate- and low-differ-
entiated tumors, respectively. No correlation be-
tween the expression of oncogenic miRNA-182
and -155 with differentiation for the studied cas-
es of breast cancer has been reported.

The cells of luminal A and luminal B subtypes
of breast cancer have been established practically
not to differ in the expression profiles of all stud-
ied miRNAs. As can be seen from the data shown
in Fig. 3, the level of miRNA-182, -155, -122, and
-200b in luminal A BC cells is 2.1 + 0.43, 1.6 £
+0.73, 1.75 £ 0.64, and 2.5 = 0.35 conventional
units while that in the luminal B BC it amounts
t02.5+0.28,1.89 £ 0.31,1.56 £ 0.11, and 2.35 £
+ 0.3 conventional units, respectively. It has also
been determined that the Her2/neu+ BC sub-
type tumors practically do not differ in the ex-
pression of miRNA-182, -155, and -200b from the
luminal A and luminal B subtype tumors.

The most significant differences in the profile
of the studied miRNAs are observed in the breast
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Relative miRNA level, cu

Fig. 1. Level of miRNA in the

tumor tissue depending on the

BC stage: * — p < 0.5 as com-
pared with the normal tissue

Fig. 2. Levels of miRNA in the
tumor tissue depending on me-
tastatic lesion of local lympha-
tic nodes: * — p < 0.5 as com-
pared with the normal tissue;
# — p <0.05 as compared with
patient without metastases

Relative miRNA level, cu

Fig. 3. Specific features of
miRNA expression in the tu-
mor tissue of various BC mo-
lecular subtypes: * — p < 0.5 as
compared with the normal tis-
sue; # — p < 0.05 as compared
with luminal subtypes
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cancer cells of basal subtype. In the cells of these
tumors, the lowest expression of oncosuppressive
miRNA-122, -200b (0.25 + 0.07 and 0.5 £ 0.03
conventional units respectively) has been found
as compared with the cells of other molecular
subtypes. The level of oncogenic miRNA-182 and
-155 in the cells of basal subtype breast cancer is
higher 1.9 + 0.4 and 1.7 = 0.15 times, respectively,
as compared with that for the luminal A, luminal
B, and Her2/neu-positive subtypes (Fig. 3).

Thus, the data have shown a correlation be-
tween the level of studied miRNAs in tumor tis-
sue and some clinico-morphological and molecu-
lar-biological characteristics of breast cancer.
The dependence of the expression of oncogenic
and oncosuppressive miRNAs on the stage of dis-
ease, the metastatic lesion of local lymphatic
nodes, differentiation, and molecular subtype in-
dicates their effect on the degree of malignancy of
breast cancer and is associated with BC aggres-
siveness.

CONCLUSIONS

1. Development of malignant process in mam-
mal gland tissue is accompanied with a decrease
in the expression of oncosuppressive miRNA-122
and -200b (3.8 and 4 times) and an increase in the
expression of oncogenic miRNA-182 and -155
(3.4 and 2.8 times).

2. In the cells of breast cancer patients under
50 years with preserved reproductive function,
the level of oncosuppressive miRNA-122 and
-200b increases 1.5 and 2 times, respectively,
while for the patients with menopause, the level
of oncogenic miRNA-182 and -155 increases 2.9
and 3.1 times, respectively.

3. It has been established that a low expression
of oncosuppressive miRNA-122 and -200b and an
increased level of oncogenic miRNA-182 and
-155 are typical features for the tumors with a
low differentiation, basal molecular subtype, at
the late stages of breast cancer with the presence
of metastatic lesion of local lymphatic nodes.

4. The obtained data testify to good prospects
of further study of the proposed panel of miRNAs
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in order to use them as additional markers of
breast cancer aggressiveness.

The research was conducted within the frame-
work of Development and Implementation of the
Prognostic Panel of Breast Cancer Biomarkers for
the Personalized Monitoring of the Tumor Process
project awarded upon results of the general aca-
demic competition for R&D projects (2016, state
registration number 0116U006053). The ob-
tained results have been protected by five patents
of Ukraine on the utility model; four information
bulletins on innovations in the health care sys-
tem have been issued; the developed methodolo-
gy has been implemented at the Precarpathian
Clinical Oncology Center and the Rivne Oblast
Cancer Dispensary.
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KJITHIYHE 3HAYEHHS EKCITPECIT
IMYXJIMHHNX MIKPOPHK-122, -155, -182
TA -200b Y XBOPUX HA PAK
MOJIOYHOT 3AJI031

JlocutizkeHHS TPOBEIEHO 3 METOIO BUBUEHHS 3B’43KiB €KC-
mpecii orkorenanx (-182, -155) i onkocympecopanx (-122,
-200b) mikpoPHK B myx/iMHHUX KJITHHAX 3 KJiHIKO-TIATO-
JIOTIYHUMY XapaKTEPUCTUKAMU PaKy MosIouHoi 3amo3u (PM3)
Ta BCTAHOBJIEHHS X KJIiHiYHOTO 3HaveHH:s. PiBHi MikpoPHK
BU3HAYA/IN 32 JOTIOMOTOI0 3BOPOTHO-TPAHCKPHUIIIIHHOI MOJIi-
MEPa3HO-JIAHITIOTOBOI peakilii B peaJbHOMY 4aci, eKCIpeciio
PELEnTOPiB eCTPOTeHy, MPOreCTEPOHy Ta €IiIepMaJIbHOTO
(axropy pocty Her2/neu — iMyHOTICTOXIMIYHUM METO/IOM.
Bceranosneno 38’s130k excripecii mux mikpoPHK 3i craziero 3a-
XBOPIOBAHHS, HASBHICTIO METACTATUYHOTO ypasKeHHS perio-
HApHUX JIM(ATUYHUX BY3JIB, CTyneHeM AuQepeHIioBaH s,
MOJIEKYJIIPHUM TiATHIIOM TTyXauau. OTpuMaHi pesyJibraTu
cBiuaTh 1po y4acTb pociimkennx MikpoPHK y dopmysanmi
cTynens 3nosikicnocti PM 3, iX acoltiattiio 3 arpecuBHiCTIO 11e-
pediry IyXJIMHHOTO IIPOLECY, BKA3yIOTh HA MEPCIEKTUBHICTD
TIO/IAJTBITIOTO BUBUEHHS 3amporionoBanoi manerni mMikpoPHK
JUIS1 BAKOPUCTAHHS SIK I0JATKOBUX MapKepiB repebiry PM3.
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KIIMHNYECKOE SHAYEHUME 9KCIIPECCN
OITYXOJIEBbIX MMKPOPHK-122, -155, -182
u -200b Y BOJIbHBIX PAKOM
MOJIOYHOM KEJE3bI

WccenenoBanus NpoBeIEHBI C 1EJIbI0 U3yUEHMS B3aUMO-
cBsi3eir onkorenunix (-182, -155) u OHKOCYIIPECCOPHBIX
(-122,-200b) mukpoPHK B 01yXosieBbIX KJETKax ¢ KANHK-
KO-TIATOJIOTHYECKUMU XapPAKTEPUCTUKAMK PaKa MOJIOYHOI
sxene3pl (PMJK), a Takske BBISABIEHNS WX KIMHUYECKOTO
3HavyeHus. YposHu mMukpoPHK omnpenensimu ¢ momoribio
06paTHO-TPAHCKPUITIMOHHON TTONMMEpPa3HO-TIENHON peak-
IIUU B PEATTBHOM BPEMEHU, 3KCIIPECCUIO PEIIENITOPOB ACTPO-
reHa, MPOrecTepoHa 1 IMUAEPMATBLHOrO (aKkTopa pocTa
Her2/neu — nMMyHHOTUCTOXUMWYECKUM METOIOM. YCTa-
HoJieHa CBA3b akcrpeccun atux MUkpoPHK co craameit
3a00JIeBaHys], HAJIMYMEM METaCTATUUECKOTO TTOPAsKEHMS
pPeruoHapHbIX JUMGpATHUECKUX Y3JI0B, cTeneHbio audde-
PCHIIMPOBAHUS, MOJIEKYJISIPHBIM MOATHIIOM oryxoJu. [To-
JIyYEeHHDIE PE3YJIBTAThI CBUAETENBCTBYIOT 00 YUACTHU UCCIIe-
noBannbix MUkpoPHK B dopmupoBanmnu cremenu 3so0ka-
yectBennoctn PMJK, nx acconumamnyum ¢ arpecCHBHOCTBIO
TEYeHUsI OIyXOJIEBOTO TIPOIIECCa, a TAKKe YKa3bIBAlOT Ha
MEPCIEKTUBHOCTD JIAJIbHEHIIETO U3YUYEHUS TPEIJIOKEHHON
manesin MukpoPHK it mpriMenenust B poJiut IONMOTHUTENb-
HBbIX MapKepoB Teuenus PMJK.

Kniouesvie cnoesa: pak MomodHo xeme3bl, MuKpo PHK,
KJIMHUYECKOEe 3HAUEHUE.



