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Aim: To investigate the features of expression of miRNNA-21 and miRNA-375 in tumor cells of patients with cancer of oral cav-
ity (COC) and to determine the possibility of their use to predict the aggressiveness of COC course. Materials and Methods: The
work is based on the results of examination and treatment of 50 patients with stage II—IV COC. miRNA expression in tumor cells was
analyzed by real time reverse transcription polymerase chain reaction. Results: High levels of miRNA-21 expression (> 0.26 a.u.) and
miRNA-375 (> 0.36 a.u.) were determined in 72.0% and 63.0% of cases. We revealed a tendency to decreased miRNA-21 expres-
sion and increased miRNA-375 expression in tumors of patients with recurrence-free survival less than 12 months and the presence
of metastatic lesions in regional lymph nodes. In patients with COC of low differentiation grade, the level of miRNA-21 was 2.0 times
lower compared with tumors of moderate differentiation grade (p < 0.05), while the expression of miRNA-375, on the contrary,
was higher in tumors of low differentiation grade. A decreased expression of miRNA-21 (< 0.26 a.u.) against the background
of decreased levels of miRNA-375 (< 0.36 a.u.) in tumor cells was associated with worse recurrence-free survival. Conclusions:
The obtained results indicate the relation between the main clinical and pathological characteristics of patients with COC and the
levels of miRNA-21 and -375 expression in tumor tissue, which indicates the involvement of these miRNAs in the formation of COC

malignancy evidencing on their potential usefulness as additional prognostic markers.
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Cancer of oral cavity (COC) is the most common
form of head and neck cancer, which includes cancer
of the mucous membranes of the lips, cheeks, alveolar
processes of the jaws, tongue and floor of the mouth.
The tumors of this location share a common histological
structure, whichis almost homogeneous: 90-95% of COC
is represented by squamous cell carcinoma. In most coun-
tries, the incidence of COC varies from 1 to 10 cases per
100,000 population. The prevalence of COC is relatively
higher among men, especially the elderly [1].

Despite the improvement of the treatment ap-
proaches, long-term results of COC therapy vary widely
and often remain unsatisfactory. The cause of such clini-
cal polymorphism may be intertumor and intratumoral
heterogeneity of COC, which depends on a complex
of morphological, genetic and epigenetic changes that
determine the phenotype of malignant cells. Therefore,
the search for new markers that alone or in combination
with other known indices could reveal additional mecha-
nisms of COC development is relevant [2].

It is known that the occurrence and progression
of malignant neoplasms are characterized by the
changes in patterns of epigenetic biomarkers. Particu-
lar attention is paid to miRNAs as the main regulators
of genes involved in carcinogenesis [3, 4]. MicroRNAs
are small non-coding RNAs approximately 22 nucleo-
tidesinlength that regulate the expression level of mes-

Submitted: January 25, 2021.
*Correspondence: E-mail: kravetso.doc@ukr.net
Abbreviation used: COC — cancer of oral cavity.

senger RNAs by interacting with their specific regions.
Since microRNAs control expression of more than 30%
of human genes, they are considered as the key regula-
tors of biological processes. Thatis why the impairment
of microRNA regulation can affect all stages of carci-
nogenesis — from the origin of malignant neoplasms
to their progression [5, 6]. In this regard, further study
of the miRNAs role in oncogenesis, search for markers
of COC and identification of a range of key molecules
that may be potential predictors of disease and survival
of patients with this pathology is of great interest. In re-
cent years, there has been found some evidence that
the COC development may be associated with impaired
expression of oncogenic miRNA-21 and oncosuppres-
sive mMiRNA-375 [7].

The aim of this work was to investigate the pat-
terns of miRNA-21 and miRNA-375 expression in tu-
mor cells of patients with COC and to determine the
possibility of their use to predict the aggressiveness
of the COC course.

MATERIALS AND METHODS

The workis based on the results of examination and
treatment of 50 patients with squamous cell COC, who
were treated in the Research Department of Head and
Neck Cancer of the National Cancer Institute of the
Ministry of Health of Ukraine (Kyiv) from 2017 to 2020.
All patients provided an informed consent on the use
of clinical data for scientific purposes. The general
clinical and pathological characteristics of the pa-
tients are presented in Table. The tumor stage was
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Table. Clinical and pathological characteristics of the patients with COC
(n=50)

Number of patients

Index

N %
Average age, years 53.13 + 8.43
Age, range 34-64
Sex
Men 43 86
Women 7 14
T category by TNM
T2 7 14
T3 32 64
T4 1 22
N category by TNM
NO 22 44
N1 1 22
N2 17 34
Differentiation grade, G
G2 40 80
G3 10 20
Localization
Mucosa of the lower jaw 7 14
Mucosa of the floor of the oral cavity 14 28
Mucosa of the cheeks 7 14
Tongue 22 44

determined according to the International TNM Clas-
sification (7" edition, 2009). Histological type of tumor
was established according to the WHO classification
(2006). Depending on the clinical indications, pa-
tients underwent organ-sparing operations according
to the treatment standards adopted in Ukraine, as well
as chemoradiation therapy.

The real-time reverse transcription polymerase
chain reaction was used to study the expression
of miRNAs-21 and -375 in tumor cells of patients with
COC. Total RNA was isolated from paraffin blocks
with tumor tissue using the commercial RNeasy FFPE
Kit (QIAGEN, Germany). The quantity of isolated
RNA was determined using a spectrophotometer
“NanoDrop 2000c Spectrophotometer” (Thermo-
Scientific, USA). The purity of the isolated RNA was
monitored by the ratio of optical absorption values
at wavelengths of 260 and 280 nm. RNA was dis-
solved in Tris-EDTA buffer and stored at —20 °C until
use. The real-time reverse transcription polymerase
chain reaction was performed on a quantitative
detection system QuantStudio 5 Dx Real-Time
PCR System (ThermoScientific, USA) using a com-
mercial kit for RT-PCR TagMan MicroRNA Assay
(ThermoScientific, USA) according to the manufac-
turer’s protocol. To determine miR-21 we used the
stem-loop primer for synthesis of cDNA 5 -GTTGG
CTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAG
CCAACTCAACA-3" and for real-time PCR forward
primer was 5 -GTTTGGTAGCTTATCAGACTGA-3 . For
miR-375 detection we used stem-loop primer 5 -GT
CGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGA
TACGACTCACGCG-3  primer and for real-time PCR
forward primer 5 -CACAAAATTTGTTCGTTCGGCT-3 .

According to the stem-loop miRNA RT-
PCR technique, a universal reverse primer
5 -GTGCAGGGTCCGAGGT-3" was used [8].
Primer sequences for the detection of miR-
NA-21 and -375 were obtained using the resource
http://genomics.dote.hu:8080/mirnadesigntool/and
synthesized by Metabion, Germany.

RNU48 microRNAwas used asanendogenous control
to objectify expression parameters. Primer sequencesare
takenfromhttps://www.ncbi.nlm.nih.govand synthesized
by Metabion, Germany: RT-primer: 5'-CTCTGACC-3 ',
forward 5 -AGTGATGATGACCCCAGGTAACTC-3', re-
verse 5 -CTGCGGTGATGGCATCAG-3'. The relative ex-
pression of miRNAs-21 and -375 was determined
by comparative ACT method (a.u.) [9].

The threshold cycle was averaged in all technical
and biological replicas in the middle of each line. The
fold difference (fold change, fold difference) between
the expression of the studied miRNAs was calculated
by the formula 2-ACt (hereinafter — a.u.). Errors for
fold difference calculations show arange of ACt values
based on the inclusion of standard deviation in these
values. For the convenience of presenting the results,
the miRNA-375 was calculated using the coefficient
10x2-2¢t, High expression was considered to be the
expression above the median: for miRNA-21 and
-375 > 0.26 and > 0.36 a.u., respectively, low level
of expression was < 0.26 and < 0.36 a.u., respectively.

Statistical analysis of the obtained results was
performed using the program Statistica 6.0 (Statistica
Inc., USA) taking into account the nature of the distri-
bution of the obtained data. The data are presented
as M = m, where M is the arithmetic mean, m is the
standard error of the mean or as a percentage for
relative values. Mann — Whitney U-test was used
to compare two independent groups on a quantitative
basis. The critical level of statistical significance was
taken to be 0.05. Survival of patients was analyzed
by the Kaplan — Meier method, reliability between
curves — using a logarithmic rank test.

RESULTS AND DISCUSSION

Analysis of miRNA-21 and -375 expression levels
in tumor tissue of patients with COC has revealed their
significant variability. The average expression level
of miRNA-21 was 0.36 * 0.24 a.u. with individual fluc-
tuations from 0.02 a.u. to 1.01 a.u., while the expres-
sion of MiRNA-375 was 0.47 + 0.61 a.u. with individual
fluctuations from 0.01 to 0.89 a.u. It was found that
a characteristic feature of the studied COC samples
were high levels of expression of miRNA-21 (>0.26 a.u.)
and miRNA-375 (> 0.36 a.u.), which were determined
in 72.0% (p < 0.05) and 63.0% (p < 0.05) of cases.

Depending on the survival rates, the patients with
COC were divided into 2 groups. The first group consisted
of 23 patientsin whom disease progression was observed
within 12 months, and the second group — 27 patients
in whom no signs of recurrence were detected during
the first 12 months after treatment. When analyzing the
expression of MiRNA-21 in COC cells, depending on the
indices of recurrence-free survival of patients, itwas found
thatinthe 1st group of patients its average level was 0.30 =
0.05a.u. and was 1.56 (p < 0.05) times lower compared
with patients of group 2 — 0.47 = 0.08 a.u., respectively.
The miRNA-375 expression levels in patients with recur-
rences during the first 12 months were 2.4 times (p < 0.05)
lower than in patients of group 2 (Fig. 1 a, b).
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Fig. 1. Relation between expression levels of microRNA-21 (a) and -375 (b) and clinical-pathological features of COC cases: p <
0.05: *in comparison with indices of COC of the mucosa of the lower jaw; **compared with COC of the cheek mucosa; *in comparison
with the indices of T2 category; *in comparison with indices of COC of NO category; +p < 0.05 compared with COC of moderate

differentiation grade

At the next stage, we have analyzed the expres-
sion of MiRNA-21 and -375 depending on the clinical
and pathological parameters of patients from both
study groups. As can be seen from Fig. 1, the lowest
expression of miRNA-21 was observed in patients
of group 2 with tumors localized on the mucosa of the
lower jaw (0.19+£0.11 a.u.), the highest — in the same
group of patients with tumors localized on the tongue
(0.55+£0.22 a.u.), which is 4.0 times lower (p < 0.05)
and 1.7 times higher (p < 0.05) compared with similar
indices of patients from group 1, respectively. No dif-
ferences in the expression of miRNA-21 in patients
with tumors of the cheek mucosa and oral cavity floor
between groups 1 and 2 were found.

We found that in group 1 the level of miRNA-375 ex-
pression was significantly higher in tumors localized
on the tongue compared to thatin neoplasms of the lower
jaw mucosa. In group 2 we revealed significantly higher
levels of miRNA-21 in tumors localized on the tongue
compared with those in the neoplasms of the lower jaw
mucosa (p < 0.05) and the cheek mucosa (p < 0.05).

There was observed a tendency to decreased
expression of MiRNA-21 depending on the size of the
tumor in patients from group 1. In particular, the level
of this miRNA in patients with T2 category tumors was
0.42£0.11 a.u. and did not differ significantly from that
in patients with T3 and T4 neoplasms (0.36 =0.10 and
0.31 £ 0.08 a.u., respectively). In tumors of patients
from group 2, its levels, on the contrary, increased —
in T4 cases this index was significantly higher than
in T2 cases, and was 0.47 £0.14 a.u.

The expression of miRNA-375 in the tumor tissue
of patients from group 1 significantly decreased with
increasing size of tumors. At the same time, in group 2,
there was observed an increase in the levels of miR-

NA-375 expression with increasing tumor size. In particu-
lar, the lowest indices of its expression (0.25+0.10 a.u.)
were found in T2 tumors, while in T3 tumors its average
valuesreach0.43+0.14 a.u.,andinT4—0.86+0.31 a.u.

In the group of patients with recurrence-free sur-
vival less than 12 months, a tendency to decreased
levels of miRNA-21 expression and increased levels
of miRNA-375 expression in the presence of metastatic
lesions of regional lymph nodes was revealed (see Fig. 1).
In the group of patients without recurrence, the presence
of metastases in regional lymph nodes, in contrast, was
associated with low levels of miRNA-21.

We found a significant increase in miRNA-375 ex-
pression levels by 1.77 times in the COC cases with
N1 status (p < 0.05) compared with the cases with-
out metastases. However, no significant difference
between the expression of this miRNA in malignant
neoplasms of the oral cavity of patients with N2 and
NO categories was found.

In patients from both study groups with tumors
of low differentiation grade, the level of miRNA-21 was
2.0 times lower compared with tumors of moderate
differentiation grade (p < 0.05), while the expression
levels of microRNA-375 were higher in tumors with
a low differentiation grade.

Given the data on the relation between the expres-
sion of MiRNA-21 and -375 with such indices of tumor
aggressiveness as the presence of regional lymph node
metastasis and differentiation grade, we have analyzed
the recurrence-free survival of patients with COC taking
into account the expression of these microRNAs.

The expression profiles of MiIRNA-21 and 375 allow
us to determine the risk of recurrence within 1 year af-
ter diagnosis. Recurrence-free survival in the presence
of miRNA-21 expression < 0.26 a.u. and miRNA-375 <
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0.36 a.u. in tumor cells was lower than in the case
of the expression of miRNAs-21 > 0.26 a.u. and miR-
NA-375 > 0.36 a.u. (Fig. 2). Recurrences in the group
of patients with the expression profile of miRNA-21 <
0.26 and miRNA-375 < 0.36 a.u. in tumor cells were
detected 1.7 times more often than in patients with
higher expression of these microRNAs.

COC belongs to the highly heterogeneous malignant
neoplasms, in the molecular pathogenesis of which
alarge number of signaling pathways is involved, provid-
ing high plasticity of tumor cells and, as a consequence,
resistance to cancer therapy. MiRNAs play an important
role in the development of COC. According to recent
studies, the histological type of COC, resistance
to therapy, tumor progression, metastasis or recurrence
of the disease are associated with impaired expression
of many microRNAs such as miRNA-100, -130a, -197,
-181b, -181d, -101, -195 [10], -136, 147, -220a, -323-
5p, -503, -632, -646, -668, -877, -1250 [11], etc.

We have shown that the development of COC
is associated with increased levels of miRNA-21 and
miRNA-375, which coincides with the literature
data. In particular, significantly higher expression
of miRNA-21 in tumor tissue of patients with COC com-
pared with normal tissue was reported by Lamperska
etal. [12]. Higher levels of miRNA-375 expression in the
tissue of COC compared with untransformed tissue re-
ported by Schneider et al. [13], however, other publica-
tionsreported on the decrease of its expression [ 14, 15].

The obtained data indicate an important role
of miRNA-21 and -375 in the formation of malignant
phenotype of tumor cells. Thus, according to the
literature and the results of bioinformatics analysis,
we found that there is a relationship between the
expression level of mMiRNA-21 or miRNA-375, clinical
and pathological characteristics of patients and their
relapse-free survival may be due to the indirect effect
of miRNA-21 on the cell cycle [16], and the effect
of miRNA-375 on the expression of a number of pro-
teins associated with the tumor growth, invasion and
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Fig. 2. Recurrence-free survival of patients with COC depending
on the expression of miRNAs in tumor tissue, a.u.

migration. Using the online tool TargetScan, we found
that the target of miRNA-21 in COC is a gene encoding
the oncogenic protein PTEN, which, in turn, is involved
in the regulation of PIBK/AKT signaling pathway and
migration of tumor cells. Therefore, in COC, microR-
NA-21 may act as an oncosuppressor. These data
could explain the decrease in miRNA-21 levels along
with increasing tumor size in patients with disease
recurrence within 12 months. In addition, the targets
of miRNA-375 are mRNA for p53, p21, Rb, ¢c-MYC,
v-MYC, the expression of which is associated with car-
cinogenesis not only of tumors of the head and neck,
but also tumors of other localizations. The inverse
relationship between the indices of the studied mark-
ers and the survival of patients with COC is confirmed
by the available literature data on oral cancer [17, 18].

Therefore, unsatisfactory results of treatment
of patients with COC indicate the need to search for
prognostic markers, which at the early stages, during
therapy, and after treatment may help to identify pa-
tients at high risk of recurrence. The results indicate
the possibility of using the expression of miRNA-21 and
-375 intumor cells as markers of COC aggressiveness.
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NYXJIMHOACOLIINOBAHUX MIKPOPHK-21 TA
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Merta: Jocnigntn ocobnmeocTi ekcnpecii MikpoPHK-21 T1a
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MiKpoPHK-375y nyxAnHHUX KNiTMHaxX XBOPUX Ha pak Mno-
POXHUHK poTa (PMNP) Ta BU3HAYUTN MOXIMUBICTb iX BUKO-
PUCTaHHS 419 NPOrHO3yBaHHSA arpecusBHOCTI nepebiry PrP.
Martepiann Ta metogamn: PoboTa 3acHoBaHa Ha pe3ysib-
TaTax ob6cTexeHHs Ta nikyBaHHs 50 xsopux 3 |-V cTagieto
PMP. Ekcnpeciio MikpoPHK y kniTnHax nyxnvHu aHanidysanm
3a [A0MNOMOrol KiflbKiCHOT NoniMepasHoi NaHLUIroBoi peak-
uii. Peaynbratn: Bucoknin piBeHb ekcnpecii MikpoPHK-21
(> 0.26y.0.) Ta MikpoPHK-375 (> 0.36y.0.) 6yno Bu3Ha-
yeHo y 72.0% Ta 63.0% Bunagkis BignosigHo. Mu BusiBUAN
TEeHOEHL0 00 3HUXeHHA ekcripecii MikpoPHK-21 Ta ninu-
LweHHs ekcnpecii MikpoPHK-375 y nyxnnHax nauieHTis 3 6e3-
PELMNOMBHOIO BUXMBAHICTIO MeHLe 12 Mic Ta HasiBHICTIO Me-
TaCTaTUYHUX YpaxeHb Yy PerioHapHux niMeaTuyHnx By3nax.
Y nauieHTiB 3 PINP H13bkoro ctyneHs andepeHLitoBaHHS pi-
BeHb MikpoPHK-21 6yB y 2.0 pa3u HUXYMM NOPIBHAHO 3 MyX-
NMHaMX NOMIpHOro cTyneHsa audepeHuioBaHHsa (p < 0.05),
To4i K ekcnpecia MikpoPHK-375, HaBnaku, Gyna BULLOKO
y NyXJIMHaX HU3bKOr0 CTYNeHs AndepeHLiloBaHHS. SHUXEHHS
ekcnpecii MikpoPHK-21 (< 0.26 y.0.) Ha TAi 3HUXEHOr O PiBHSA
MikpoPHK-375 (< 0.36 y.0.) B NyX/IMHHMX KNiTUHAX acoLiitoBa-
nocs 3 ripwoio 6e3peunamBHOI0 BUXMBAHICTIO. BUCHOBKMU:
OTpumaHi pe3dynbTaty BKa3yloTb Ha 3B'A30K MK OCHOBHUMMW
KJiHIKO-NaToNOriYHNMN XapakTepucTnkamm nauieHTis 3 PI1P
Ta piBHeM ekcnpecii MikpoPHK-21 Tta -375 y TKaHMHI nyxnuHu,
O CBIgYNTbL NPO y4acTb umx MiKpoPHK y dopmyBaHHi 3n0-
akicHocTi PTP Ta npo iX NOTEHUIiNHY NPakTUYHY 3HAYUMICTb K
[00aTKOBUX MPOrHOCTUYHUX MapKepiB.

KnioyoBi cnoBa: pak poTOBOi MOPOXHUHN, MiKPOPHK-21, mi-
KPpOPHK-375, BUXMBaHICTb, arpeCUBHICTb.



