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CLINICAL SIGNIFICANCE OF SALIVARY MIR-21,
-155, AND -375 IN PATIENTS WITH SQUAMOUS
CELL CARCINOMA OF ORAL CAVITY

Background. The current prognostic markers in oral squamous cell carcinoma (OSCC) have limited accuracy some-
times leading to inappropriate treatment decisions. Identifying new markers would help clinicians tailor treatment
plans based on the individual patient risk factors leading to improved survival rates and quality of life. Aim. To esti-
mate the value of the miRNA expression indicators in saliva as prognostic and predictive markers of the effectiveness
of neoadjuvant chemotherapy (NACT). Materials and Methods. The work is based on the results of the examination
and treatment of 61 patients with stage [I—IV OSCC. The miR-21, miR-155, and miR-375 expression levels in the saliva
samples were analyzed by the real-time reverse transcription polymerase chain reaction. Results. The salivary miR-21
and -155 expression levels in healthy volunteers were 2.49 and 2.84 times lower than in OSCC patients (p < 0.05).
The positive association of miR-21 and miR-155 expression levels and the negative correlation of miR-375 expression
level with T index by TNM (r = 0.68, r = 0.75, and r = —0.67, respectively) (p < 0.05) and the presence of lymph node
metastasis (r = 0.78, r = 0.71, and r = -0.59, respectively) (p < 0.05) were found. Patients with good response to NACT
had lower miR-21 and -155, and higher miR-375 levels in saliva compared to those with resistant tumors. Conclusions.
Our study suggests that salivary miR-21, miR-155, and miR-375 may be potential biomarkers for the prognosis of cancer
course and the response to NACT in OSCC patients.
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Oral squamous cell carcinoma (OSCC) is a preva-
lent and aggressive form of head and neck cancer,
accounting for a significant portion of cancer-relat-
ed morbidity and mortality worldwide [1]. Despite
the advancements in treatment modalities, includ-
ing surgery, radiotherapy, and chemotherapy, the
prognosis for OSCC patients remains challenging,

with a high rate of recurrence and poor overall sur-
vival. Current OSCC diagnosis and prognosis often
rely on tissue biopsies representing an invasive pro-
cedure. This necessitates the development of more
accessible and patient-friendly alternatives.

Saliva is a complex body fluid, containing a lot
of regulatory molecules, similar to ones that can
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be encountered in blood. According to Roi et al.
[2], cancerous cells enter the salivary flow through
the gingival sulcus, transcellular (active or passive
transport), or paracellular routes offering the op-
portunity to identify the presence of multiple spe-
cific biomarkers associated with the OSCC initia-
tion and progression leading to locoregional me-
tastasis.

Due to the ease of collection, saliva containing
substances relevant to the physiological changes in
the body has emerged as a promising source for
potential biomarkers [2]. MicroRNAs (miRNAs)
are small, non-coding RNAs that play crucial roles
in regulating various cellular processes, including
proliferation, differentiation, and apoptosis. Recent
studies have highlighted the potential of miRNAs
as promising biomarkers for cancer diagnosis,
prognosis, and prediction of therapeutic response
[3]. The aberrant miRNA expression has been
implicated in the development and progression
of various malignancies, including OSCC.

Except for cancer cells, other sources of salivary
miRNAs are normal epithelial and immunocompe-
tent cells. Their levels can be affected by diet and
water consumption and can be population-specific
due to the differences in dietary preferences [4],
along with age, gender, circadian rhythm, drug
intake, and environmental exposures [5]. Thus,
the results of studies of the potential clinical ap-
plication of salivary miRNAs should be validated
on different samples and tailored to the local demo-
graphic features.

Some authors speculate that tumors and salivary
miRNAs can demonstrate similar expression pat-
terns during OSCC progression [6]. Currently,
there are only a few studies aimed at identifying
salivary miRNAs as predictive biomarkers, while
studies devoted to miRNAs in tumor and serum are
more common.

Basing on the available literature information,
we selected miR-21, miR-155, and miR-375 for our
studies [7—9] to explore the potential of these
miRNAs as promising non-invasive biomarkers in
saliva for OSCC diagnosis, prognosis, and predic-
tion of therapy outcome. The saliva collection ofters
a significant advantage over traditional tissue biop-
sies as a non-traumatic, readily available, and cost-
effective method [10]. The studies have shown that
the expression levels of these miRNAs in saliva
can be indicative of the presence and aggressive-
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ness of OSCC, highlighting their potential as valu-
able tools for early detection and personalized
treatment planning [11].

The aim of the study was to estimate the value
of the miR-21, miR-155, and miR-375 expression
levels in saliva as prognostic and predictive mark-
ers of the effectiveness of neoadjuvant chemo-
therapy (NACT) in OSCC patients.

Materials and Methods

General clinical characteristics of patients with
OSCC. The study was conducted on saliva samples
obtained from 61 patients with OSCC, who were
treated in the Research Department of Head and
Neck Cancer of the Nonprofit organization “Na-
tional Cancer Institute” (NCI) of the Ministry of
Health of Ukraine (Kyiv) from 2017 to 2020. Also,
saliva samples (n = 10) were taken from healthy vo-
lunteers (5 males and 5 females), 55.6 + 16.8 years
old. All subjects provided informed consent on the
use of their clinical data for scientific purposes
and the research was approved by the Medical
Ethical Committee of the NCI and was carried out
in conformity with the guidelines of the Declara-
tion of Helsinki. The general clinical and patho-
logical characteristics of the patients are presented
in Table 1.

The tumor stage was determined according to
the International TNM Classification (8th edition,
2017). The histological type of tumor was estab-
lished according to the WHO classification (2017).

In our study;, all patients received three cycles of
NACT according to the TPF regimen (intravenous
docetaxel 75 mg/m? on day 1; intravenous cisplatin
75 mg/m? on day 1; intravenous 5-fluorouracil
750 mg/m? per day as a continuous infusion on
days 1 to 4). The interval between NACT cycles was
3 weeks.

The response assessment of NACT was per-
formed using computed tomography of the head
and neck at the end of treatment according to the
RECIST 1.1 criteria (Response Evaluation Criteria
in Solid Tumors, 2009) [12].

The patients who had a complete tumor response
following NACT received radiotherapy. Those with
a partial tumor response and stable disease under-
went surgery and adjuvant radiotherapy or concur-
rent platinum-based chemoradiotherapy. In cases
where the disease progressed, surgery was per-
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formed if possible or concurrent chemoradio-
therapy was considered.

Real-time PCR. The real-time reverse transcrip-
tion polymerase chain reaction (RT-PCR) was used
to study the expression of miR-21, miR-155, and
miR-375 in saliva samples of patients \ith OSCC.

Total RNA was isolated from saliva samples
using the commercial NucleoSpin kit (MACHE-
REY-NAGEL, Germany). The quantity of the iso-
lated RNA was determined using a spectrophoto-
meter “NanoDrop 1000 Spectrophotometer” (Ther-
moScientific, USA). The purity of the isolated RNA
was monitored by the ratio of optical absorption
values at the wavelengths of 260 and 280 nm. RNA
was dissolved in Tris-EDTA buffer and stored at
-20 °C until use. The RT-PCR was performed
on a quantitative detection system QuantStudio
5 Dx Real-Time PCR System (ThermoScientific,
USA) using a commercial kit for RT-PCR TagMan
MicroRNA Assay (ThermoScientific, USA) ac-
cording to the manufacturer’s protocol.

To determine miR-21-5p, we used the stem-loop
primer for the synthesis of cDNA 5'- GTTG-
GCTCTGGTGCAGGGTCCGAGGTATTCGCAC-
CAGAGCCAAC TCAACA-3' and for RT-PCR,
forward primer was 5- UAGCUUAUCAGACU-
GAUGUUGA -3'.

For miR-155-3p detection, we used stem-loop
primer 5-GTTGGCTCTGGTGCAGGGTCC-
GAGGTATTCGCACCAGAGCCAAC TGT-
TAA-3" and for RT-PCR, forward primer was
5'- GTTTGGCTCCTACATATTAGCA-3".

For miR-375-3p detection, we used stem-loop
primer 5- GTTGGCTCTGGTGCAGGGTCC-
GAGGTATTCGCACCAGAGCCAAC TCAC-
GC-3'and for RT-PCR, forward primer was 5'-GT-
GTTTGTTCGTTCGGCTC-3'.

According to the stem-loop miRNA RT-PCR
technique, a universal reverse primer 5'-GTG-
CAGGGTCCGAGGT-3"'was used [13]. Primer se-
quences for the detection of miR-21, -155, and -375
were obtained using the resource genomics.dote.
hu:8080/mirnadesigntool/ and synthesized by
Metabion, Germany.

RNU48 microRNA was used as an endogenous
control to objectify the expression parameters.
The primer sequences for RNU48 were synthesized
by Metabion, Germany: forward 5-AGTGATGAT-
GACCCCAGGTAACTC-3"and reverse 5'-CTGC-
GGTGATGGCATCAG-3'. The relative expression

ISSN 1812-9269. Experimental Oncology 46 (2). 2024

of miR-21, miR-155, and miR-375 was determined
by the comparative ACT method [14].

The threshold cycle was averaged in all technical
and biological replicas in the middle of each line.
The fold difference (fold change) between the
expression of the studied miRNAs was calculated
by the formula 22 (hereinafter — a.u.). The errors
for the fold difference calculations show a range of
ACt values based on the inclusion of standard de-
viation in these values.

Statistical analysis. Statistical processing of the
obtained results was carried out using STATISTI-
CA 6.0 program (Statistica Inc., USA). Standard
descriptive, parametric, and non-parametric statis-
tical methods were used. A comparison of the reli-
ability of differences between the mean values was
carried out using Student’s t-test (for a parametric
distribution) or the Mann — Whitney U-test
(for a non-parametric distribution). The analysis
of the contingency of the traits was performed
using the Chi-square method. A correlation analy-
sis was performed using Pearson and Spearman
correlation coeflicients for parametric and non-

Table 1. Clinical and pathological
characteristics of the patients with OSCC (n = 61)

Number of patients
Index
n %

Average age, years 57.2+85
Sex

Male 44 72.0

Female 17 28.0
T category by TNM

T2 9 14.8

T3 21 34.4

T4 31 50.8
N category by TNM

NO 17 27.8

N1 28 46.0

NO 16 26.2
Differentiation grade, G

Gl 15 24.6

G2 38 62.3

G3 8 13.1
Stage

II 4 6.5

I 21 345

IVa 36 59.0
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and down-regulation of miR-375 levels are associ-
ated with a more advanced stage of OSCC (Fig. 2).

Also, we conducted a correlation analysis of the
examined miRNAs association with the clinical-
pathological features of OSCC patients. Interest-
ingly, the miR-21 and -155 levels positively corre-
lated with the T index by TNM (r = 0.68 and
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r = 0.75, respectively) (p < 0.05), and higher levels
were observed in the saliva of patients with lymph
node metastases (r = 0.78 and r = 0.71, respective-
ly) (p < 0.05). The expression of miR-375 negative-
ly correlated with T by TNM (r = -0.67) (p < 0.05),
and in patients with N1-2, its levels were 2.1 times
higher than in the saliva from patients without
lymph node metastases (r = -0.59).

There are scarce data on salivary miRNAs role
in OSCC progression. In particular, Jadhav et al. [8]
reported a statistically significant correlation
between the metastatic and non-metastatic groups
by miR-21 expression in saliva with a positive pre-
dictive value of up to 82%.

Di Stasio et al. [15] stated that the salivary
miR-21 levels do not show any variation among
groups with oral epithelial dysplasia and OSCC
but at the same time, Garg et al. [16] reported that
miR-21 has diagnostic potential since its levels in-
creased in the saliva from patients with oral epi-
thelial dysplasia and OSCC. Tu et al. [9] demon-
strated that the salivary miR-375 levels decreased
markedly in the patients with potentially malignant
oral disorders, compared with the controls, and pa-
tients with OSCC during the follow-up period
showed lower expression of salivary miR-375 than
the others. Another study by Wiklund et al. [17]
revealed that the aberrant miR-375 in saliva could
distinguish between OSCC patients and healthy
volunteers, but no further studies have been reported.

To evaluate the predictive value of the salivary
miR-21, miR-155, and miR-375, we divided all pa-

Table 2. Association between salivary miRNA expression
and the NACT efficacy (Chi-square test)

miR-21 miR-155 miR-375
Criterion
high low | high low | high low
CR 3 12 8 8 12 3
PR 8 10 8 10 12 6
SD 14 2 9 6 5 11
PD 10 2 7 5 5 7
Sensitive 11 22 16 18 24 9
Resistant | 24 4 16 11 10 18
Objective | 31.43 |84.62 |50.00 |62.07 |70.59 |33.33
response
rate
X2 8.279 3.894 7.975
p 0.004* 0.09 0.01*

Note: * p < 0.05. For CR, PR, SD, and PD, see the text.
ISSN 1812-9269. Experimental Oncology 46 (2). 2024

tients into 2 groups depending on the clinical effect
of NACT (according to RECIST criteria 1.1.).
Group 1 included 38 patients with a positive re-
sponse to NACT (17 (28%) complete response
(CR) and 21 (34.4%) partial response (PR)). Group
2 included 23 patients with tumors resistant to the
treatment (13 (21.3%) stable disease (SD) and 10
(16.3%) progressive disease (PD)). High/low
microRNA expression was assessed by the me-
dian level.

The associations between microRNA expression
and NACT response are summarized in Table 2.
The analysis of miR-21, miR-155, and miR-375 de-
pending on the response of tumors to therapy
showed that only miR-21 and -375 indicators were
associated with response to NACT.

In the process of the statistical processing of the
obtained data in the above-mentioned cohorts
of OSCC patients, we tried to optimize the further
clinical application of the mentioned miRNAs.
We divided patients into subgroups to find miRNA
levels that allowed for the separation of at least 85%
of the responders from non-responders. As seen
from Table 3, the miR-21, miR-155, and miR-375
levels in saliva from 85% of OSCC cases with resis-
tant tumors were above 10.1 and 9.8 and below 1.1
a.u., respectively, while 85% of patients with a good
response to therapy were characterized by lower
miR-21 (<9.2), -155 (<9.4) and higher miR-375
(>1.1) levels. Certainly, these observations are sub-
jected to several limitations due to the relatively
small sample size and the lack of data on several
relevant immunological indicators. Therefore, fu-
ture studies are required to validate the current
findings.

There is no available experimental data on the
association of salivary miR-21, miR-155, and

Table 3. Relationship between salivary miRNA indicators
and the sensitivity of OSCC to NACT

Sensitivity microRNA Level, a.u.

Sensitive miR-21 N <9.2
mir-155 N <94
miR-375 T >2.1

Resistant miR-21 T > 10.1
mir-155 T >9.8
miR-375 N <1.1

Note: * p < 0.05. For CR, PR, SD, and PD, see the text.
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miR-375 with OSCC response to NACT. However,
elevated miR-21 levels in tumor tissue and blood
serum correlated with resistance to cisplatin thera-
py in a variety of cancers, possibly via inhibition of
pro-apoptotic proteins like PTEN and BIM [18].
miR-155 displays a complex role in OSCC. While
some studies suggested that it promoted tumor
growth by targeting some tumor suppressor genes
(like SOCS1), others hinted at its potential role in
activating the immune system. Several studies sug-
gested that miR-155 overexpression might contri-
bute to the chemoresistance in OSCC. For example,
Kirave et al. [19] indicated its possible role in cis-
platin resistance through the FOXO3a-mediated
pathway.

Unlike miR-21, miR-375 exhibits anti-tumori-
genic properties. Studies show that it might in-
crease sensitivity to radiation by downregulating
DNA repair enzymes and enhancing cell cycle ar-
rest [20]. The most recent study by Huni et al. [21]
revealed a tight association between miR-375 ex-
pression in OSCC cell lines and their sensitivity to
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2 JHCTUTYT eKCIIepUMEHTAILHOI ITATOJIOTi], OHKO/IOT i paio6iomorii
im. P.€. KaBenpkoro HarionanpHoi akafemii Hayk Ykpainum, Kuis, Ykpaina
3 Kninixa mepcoHaisoBaHoi giarHocTuky i gusariny repanii “Onkorepanoctuxa’, Kuis, Ykpaina
* HanionanpHuit Meguannit yaisepcutet imeni O.0. Boromonbus, Kuis, Ykpaina

KJITHIYHE 3HAYEHHS [TOKA3HVIKIB mikpoPHK-21,
-155 TA -375 Y CJIMHI XBOPUX HA TJTIOCKOKJIITHHWI
PAK POTOBOI TIOPOKHMHU

Cran mutanHa. Pax porosoi nopoxxuyuu (PPII) € mommpeHuM BUIOM OHKOJIOTIYHUX 3aXBOPIOBaHb. IcHye rocrpa
noTpeba y OUIBII TOYHMX MIPOTHOCTUYHNX Ta MPESUKTUBHMUX MapKepax. BusiBleHHs HOBUX MapKepiB [O3BOIUTH
[pUSHAYATH JIKYBAHHS 3 YPaXyBaHHIM iHAMBiAyanbHUX (akTopiB pUSMKY KOKHOrO marieHra. HasBHi Mapkepn
MaIOThb 0OMEXEeHY TOYHICTb, 10 iHKO/IM IPU3BOAUTH [0 HEIPABIIBHOIO BUOOPY TaKTUKM JIiKyBaHH:I. [ToIIyK HOBUX
nporHocTuyHux mapkepis PPII € KpuTUYHO BaKIMBMM I ONTMMisalii cTpareriii Tepamii, IOKpallleHHA II0Ka3-
HIUKiB BIDKMBAHHA Ta AKOCTi XUTTA nanieHTtis. Mera. O1iHKka sHaueHHA NMOKa3HUKIB ekcrpecii MikpoPHK y cnuni
SK TPOTHOCTUYHMX Ta IPeIMKTUBHUX MapKepiB epeKTMBHOCTI Heoan 1oBaHTHOI XiMiorepamii (HAXT). Marepiamu
Ta MeTou. Po6oTa 6a3yeThcs Ha pe3ynbTaTax 00CTeXXeHH: Ta NiKyBaHH:A 61 XBoporo Ha Iockokmituauuit PPIT I1—
IV crapii, sixi nepeOyBanyu Ha JIiKyBaHHI B HAyKOBO-IOCIifHOMY BifainenHi paky ronosu ta mui JHIT «Hanionans-
Hull iHCTUTYT paky». Excmpecito mikpoPHK-21, -155 i -375 y 3paskax cIMHUM aHami3yBaan 3a JOIOMOTOI0 3BOPOT-
HO TPaHCKPHUIILI/HOI IO/IiMepa3Hoi MaHIIOroBOi peakiiil B pearbHOMY 4aci. Pesynbraru. BctanosieHo, o y cnmHi
30OPOBMX MOHOpPiB mokasHuku excrpecii mikpoPHK-21, -155 Hmxui y 2,49 ta 2,84 pasu (p < 0,05) mopiBHAHO
3 xpopumu Ha PPII. Mu BuABMIN MO3UTUMBHY acoljianiio mokasHukiB mMikpoPHK-21, mikpoPHK-155 i HeratusHYy
kopersnio piBHiB MikpoPHK-375 3 T 3a TNM (r = 0,68, r = 0,75 i r = -0,67, Bigmosigxo) (p < 0,05) i HasABHICTIO MeTa-
crasiB y mimarnynux Bysnax (r = 0,78, r = 0,71 ta r = -0,59, BignosifHo) (p < 0.05). IlamienTn 3 Kpaiiow BifmIOBifA-
mo Ha HAXT manu Hwkui piHi MikpoPHK-21 i -155 i Bumi piBai MikpoPHK-375 y cnuzi nopiBHAHO 3 manjieHTaMmn
i3 pesucrenTHUMMU nyxnuHamu. BucnoBku. Pisni MikpoPHK-21, mikpoPHK-155 i mixkpoPHK-375 y cnnni MOXyTh
OyTu HOTeHNiTHNMY bGioMapKepaMy IpOrHO3y Hepebiry Ta Bifmosiai Ha HAXT y manientis 3 PPIL. TIpore motpi6-
Hi mopganpin MacmTabHi JOCTKeHH, 1106 MiATBEPANTH I BIUCHOBKM Ta OiIBII [eTaTbHO BUBYUTHU iX KIIiHiUHe
3aCTOCYBAHHS.
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