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INTRODUCTION 

On a global scale, head and neck cancers (HNCs) rep-
resent an urgent problem. These neoplasms include oral 
and oropharyngeal cancer, the vast majority of which are 
squamous cell carcinoma (SCC). These tumors have a high 
death rate since the majority of patients do not have any 
symptoms in the early stages of the disease, and in a large 
proportion of patients, tumors are detected late. Head and 
neck malignancies have a complex etiology that includes 
oncogenic viruses, such as Epstein-Barr virus (EBV) 
and Human papillomavirus (HPV) [1-6]. Nevertheless,  
the majority of studies looking into the association between 
viruses and head and neck cancers focus on a single virus, 
while co-infections being the subject of very few of them 
[7-9]

Although conventional clinical staging and pathological 
examination are still significant elements in determining 
prognosis, their prognostic significance varies. More precise 
markers are required to supplement the traditional prognostic 
factors [10]. Epigenetic factors are the subject of extensive 
research due to the intricacy of the molecular mechanisms 

Selected miRNAs in oropharyngeal squamous cell carcinoma 
(OPSCC) with HPV and EBV coinfection

Marcin Kolesnik1* , Anna Polz2, Bartlomiej Drop3 , Malgorzata Polz-Dacewicz1

1	 Department of Virology with Viral Diagnostics Laboratory, Medical University of Lublin, Poland
2	 Genomed SA, Warsaw, Poland
3	 Department of Medical Informatics and Statistics with E-learning, Medical University of Lublin, Poland

ARTICLE INFO ABSTRACT
Received 12 December 2023
Accepted 01 February 2024

Different levels of miR-625-5p, miR-31-5p and miR-5100 have been reported in many 
cancers. Viral infections have been linked to miRNA levels in tumors, including those 
in the head and neck, but a large proportion of studies only include infections with  
a single virus. The aim of the present study is to assess the level of miR-625-5p, 31-5p 
and 5100 in oropharyngeal cancer with single HPV and EBV infections and HPV/EBV 
co-infection. The study examined 128 oropharyngeal cancer patients infected with EBV 
and HPV alone or co-infected with both viruses. For the determination of miRNAs, 
the enzyme immunoassays was used. Both miR-625-5p and miR-31-5p were higher  
in the HPV/EBV co-infection than in the single infection HPV or EBV. However, in the 
case of miR-5100, the values in co-infection were lower than in a single EBV infection. 
The analysis of miRNAs in relation to the histological grade and tumor classification, 
nodes (TN) showed that in poorly differentiated tumors the level of the studied miRNAs 
was higher compared to well-differentiated lesions, and in cases with larger tumor sizes 
and lymph node involvement, the miRNA values were both higher in single infections 
and co-infections.

Keywords:
HPV, 
EBV, 
oropharyngeal cancer, 
miR-625-5p, 
miR-31-5p, 
miR-5100.

DOI: 10.2478/cipms-2024-0003

* Corresponding author 
e-mail: marcinkolesnik@umlub.pl

behind oropharyngeal malignancies [11-14]. Small non-cod-
ing nucleotide sequences known as ‘microRNAs’ (miRNAs) 
silence or degrade target mRNAs to regulate the translation 
of genes. Numerous cellular processes, including differentia-
tion, proliferation, inflammation and death, are impacted by 
them [15,16]. The serum of patients contains stable miRNAs 
that are linked to both clinical outcome and clinico-patho-
logical factors [10]. Numerous cancers have been shown 
to express miR-625-5p, miR-31-5p and miR-5100 variably 
[17-21]. Several studies have shown their potential in head 
and neck cancers, however, none have looked into the asso-
ciation between these miRNAs and EBV infection and HPV-
related oropharyngeal cancer [10,17,19,20].

The aim of this study, therefore, was to investigate the 
level of miR-625-5p, 31-5p and 5100 in oropharyngeal 
cancer in HPV/EBV coinfection compared to single HPV 
and EBV infection. In addition, the relationship between 
miRNA and TN classification and histological differentia-
tion was determined.

The Medical University of Lublin’s Ethics Committee 
gave its approval to this study, which abides with GCP 
(Good Clinical Practice) guidelines (No. KE-0254/295/2019, 
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September 26, 2019). Written informed consent was 
acquired from every individual involved.

MATERIALS AND METHODS 

Patients

In this investigation, 128 individuals with oropharyn-
geal squamous cell carcinoma (OPSCC) that had been diag-
nosed and confirmed by histopathology were also infected 
with EBV or HPV, or HPV/EBV co-infected. The subjects 
included 54 patients EBV(+), 44 patients HPV(+), and 30 
patients with HPV/EBV co-infection. The patients were hos-
pitalized at the Department of Otolaryngology and Head and 
Neck Cancer of the University of Technology and Humani-
ties in Radom, Poland and had not previously undergone 
radiotherapy or chemotherapy.

Table 1 shows the subjects’ clinical and epidemiological 
features. The study groups did not differ statistically due to 
epidemiological and clinical characteristics.
Table 1. Epidemiological and clinical characteristics of patients

EBV(+)/HPV(+) EBV(+) HPV(+)

pn=30 n=54 n=44

n % n % n %

Sex
Female 3 10.0 6 11.11 5 11.36

0.9817
Male 27 90.0 48 88.89 39 88.64

Age

<50 5 16.67 9 16.67 7 15.91

0.997550-69 18 60.0 34 62.96 28 63.64

≥70 7 23.33 11 20.37 9 20.45

Place of 
residence

Urban 24 80.0 43 79.63 34 77.27
0.9469

Rural 6 20.0 11 20.37 10 22.73

Smoking
Yes 23 76.67 41 75.93 33 75.0

0.9861
No 7 23.33 13 24.07 11 25.0

Alcohol 
abuse

Yes 27 90.0 49 90.74 40 90.91
0.9906

No 3 10.0 5 9.26 4 9.09

Histological 
grading

G1-G2 13 43.33 23 42.59 19 43.18
0.9972

G3 17 56.67 31 57.41 25 56.82

T stage
T1-T2 22 73.33 39 72.22 32 72.73

0.9939
T3-T4 8 26.67 15 27.78 12 27.27

N stage
N1-N2 23 76.67 41 75.93 33 75.0

0.9861
N3 7 23.33 13 24.07 11 25.0

M M0 30 100.0 54 100.0 44 100.0 N/A

During the surgical procedure, tissue samples were 
obtained from each individual and stored at -80°C until 
analysis. Classification of tumor, node and metastasis 
(TNM) was done during primary diagnosis using the Union 
for International Cancer Control (UICC) guidelines [22]. 
The World Health Organization’s guidelines for histologi-
cal grading were also followed. These classify tumors into 
three categories as previously described: well differentiated 
(G1), moderately differentiated (G2), and poorly differenti-
ated (G3) [23].

DNA Extraction

Fragments of the fresh frozen tumor tissue (20 mg) col-
lected from all patients with oral squamous cell carcinoma 

(OSCC) were cut and homogenized in a manual homog-
enizer (Omni TH/Omni International/Kennesewa/Georgia/
USA). Following the instructions in the DNeasy Tissue Kit 
Handbook (QiagenGmBH, Hilden, Germany), DNA was 
extracted. Spectrophotometry (Epoch Microplate Spectro-
photometer, BioTek Instruments Inc., Vinooski, Vermont, 
USA) was employed to quantify the purified DNA. Until 
the test was carried out, isolated DNA was stored at -20°C. 
An β-globin assay was performed to confirm the acquired 
DNA’s purity (the presence of polymerase chain reaction 
inhibitors).

Detection of EBV DNA

Using a handheld Omni (TH/Omni International/Kenne-
sewa, GA, USA) homogenizer, freshly frozen tumor tissues 
were sectioned and homogenized. The QIAampDNA Mini 
Kit (Qiagen, Hilden, Germany) was applied to extract DNA 
in accordance with the manufacturer’s instructions. β-globin 
was measured in order to assess the quality of the extracted 
DNA (for example, for the presence of PCR inhibitors). 
Next, the material that had been separated was amplified 
using the GeneProof Epstein-Barr virus (EBV) PCR Kit 
(Brno, Czech Republic). Every sample was examined twice, 
along with the negative control. Following the manufac-
turer's instructions, the particular conserved DNA sequence 
for EBNA1 was amplified during the PCR procedure. PCR 
was performed using LightCycler 2.0 version 4.1 software 
(Roche Applied Science System, Penzberg, Germany).

HPV Detection and Genotyping

The INNO-LiPA HPV Genotyping Extra-assay (Innoge-
netics, Gent, Belgium) was utilized for HPV genotyping. 
The kit’s methodology involves employing an SPF10 primer 
set to amplify a 65 bp fragment from the HPV genome’s 
L1 region. After that, PCR products are typed via reverse 
hybridization assay, wherein, HPV 6, 11, 16, 18, 26, 31, 
33, 35, 39, 40, 43, 44, 45, 52, 53, 54, 56, 58, 59, 66, 68, 69, 
70, 71, 73, 74, and 82 are the HPV genotypes that may be 
identified with this kit.

miRNA assay

A recent technique for quantifying miRNA, called 
‘miREIA’, is based on immunoassay and includes hybrid-
izing miRNA that has been extracted from a patient’s 
sample to a complementary biotinylated DNA oligonucle-
otide probe. The procedures provided by the manufacturer 
(Biovendor/Czech Republic) were followed when conduct-
ing these tests. The hsa-miR-625-5p miREIA kit (cat. no.: 
RDM0041H; detection limit 0.26 amol/µl), the hsa-miR-
31-5p kit (cat. no.: RDM0044H; limit detection 0.065 amol/
μl), and the hsa-miR-5100 kit (cat. no.: RDM0042; limit 
detection 0.13 amol/μl) were the kits applied.

Statistical Analysis

Version 9.4.1 of GraphPad Prism was used to analyze 
the data. The patient’s initial features were displayed 
using descriptive statistics. The values that were calcu-
lated included means, medians, standard deviations (SD), 
maximums and minimums. The Mann-Whitney U test was 
introduced to variables that had an abnormal distribution. 

Selected miRNAs in oropharyngeal squamous cell carcinoma (OPSCC) with HPV and EBV coinfection
Marcin Kolesnik, Anna Polz, Bartlomiej Drop, Malgorzata Polz-Dacewicz



Marcin Kolesnik, Anna Polz, Bartlomiej Drop, Malgorzata Polz-Dacewicz

Vol. 37, No. 1, Pages 13-18 15

Pearson’s chi-square test was used to investigate the relation-
ship between clinical and demographic parameters. Statisti-
cal significance was defined as p <0.05.

RESULTS

The levels of miR-625-5p and miR-31-5p were higher 
in the HPV/EBV coinfection than in the single infection 
HPV or EBV. In contrast, MiR-5100 levels were lower in 
co-infection than in EBV single infection, but higher than 
in HPV single infection (Figure 1, Table 2).

 

Figure 1. The serum level of miRNA 625-5p (a), 31-5p (b) and 5100 
(c) in patients with HPV, EBV infection and HPV/EBVcoinfection

Serum level of miRNA was compared to both TN clas-
sification and histological grading (G) (Table 3). The levels 
of miR-625-5p and miR-31-5p in HPV/EBV co-infection 
were found to be much higher than in HPV or EBV infec-
tions alone in poorly differentiated tumors (G3), larger-sized 
tumors (T3-T4), and tumors involving lymph nodes (N3). 
Serum levels of miR-5100 for both HPV/EBV co-infec-
tion and EBV+ and HPV+ were higher in G3 compared 
to G1-G2. Regarding tumor size and lymph node involve-
ment, a comparable correlation was noted, with all examined 
miRNA values being higher in T3-T4 and N3, compared 
to T1-T2 and N1-N2 for co-infections or single HPV and 
EBV infections. All observed differences were statistically 
significant.

DISCUSSION

According to certain research, co-infection with HPV 
and EBV has implications for the cancerous transformation 
of epithelial cells [7,8]. Both viruses having tropism for 
epithelial cells that infect and replicate in the epithelium of 
the upper respiratory system and upper digestive tract. Fur-
thermore, co-infected cells may be more carcinogenic than 
normal cells, according to Jiang et al. [1]. Several proteins, 
including the main EBV oncoproteins LMP1 and LMP2, 

are produced during the latent infection that EBV causes. 
The expression of E6 and E7 onco-proteins, which promote 
invasion and metastasis, is linked to HPV’s carcinogenic 
potential [24-26]. When these oncoproteins interact, the oral 
epithelium may undergo a transformation. Of note, Guidry 
and Scott [27] suggest that HPV/EBV co-infection increases 
EBV persistence either through latency or enhanced viral 
replication and by extending HPV oncogene expression.

In our study, only HPV 16 positive clinical samples were 
qualified. The tumor microenvironment (TME), as demon-
strated by several studies, is essential for the development 
and progression of cancer [28-30]. Numerous investigations 
into the molecular causes of various cancers, including head 

and neck cancer (HNC), 
have shown that the 
tumor formation process 
is affected by genetic and 
epigenetic alterations 
within the tumor cells, as 
well as by the rearrange-
ment of the tumor micro-
environment (TME) com-
ponents. Although TME 
can vary depending on the 
type of tumor, it usually 
consists of two parts: a 
non-cellular component 
made up of components 
like collagen, fibronectin, 
hyaluronan and laminin, 

b)a)

c)

Table 2. Serum level of miRNAs: 625-5p, 31-5p and 5100 (amol/
μl) in EBV(+), HPV(+) and EBV/HPV co-infected patients with 
oropharyngeal cancer

miRNA 625-5p
p

n M SD Min Max Me

EBV+
HPV+

54
44

25.13
27.27

2.85
2.86

20.10
23.50

28.80
32.20

25.80
26.00 10-4*

EBV+/HPV+ 30 36.95 6.79 29.40 50.20 35.55

miRNA 31-5p
p

n M SD Min Max Me

EBV+
HPV+

54
44

7.88
9.05

1.40
1.14

5.40
6.80

9.90
10.90

8.20
9.10 10-4*

EBV+/HPV+ 30 10.35 2.26 6.80 13.80 10.55

miRNA 5100
p

n M SD Min Max Me

EBV+
HPV+

54
44

12.62
9.04

2.63
2.58

8.20
5.80

16.50
13.90

12.65
8.25 10-4*

EBV+/HPV+ 30 10.04 2.51 5.90 13.90 9.85

*statistically significant; Mann-Whitney U test

Table 3. Comparison of the titer of studied miRNA in single EBV and HPV infection and co-infection 
HPV/EBV in relation to G, T, N stage

EBV+/HPV+ EBV+ HPV+

miRNA 
625-5p

miRNA 
31-5p miRNA 5100 miRNA 

625-5p
miRNA 
31-5p miRNA 5100 miRNA 

625-5p
miRNA 
31-5p miRNA 5100

G1-G2 31.4  
(29.4-33.8)

8.1  
(6.8-10.1)

8.3  
(5.9-10.8)

21.5  
(20.1-26.1)

6.8  
(5.4-7.5)

10.7  
(8.2-13.8)

24.8  
(23.5-25.1)

8.3  
(6.8-8.6)

6.9  
(5.8-8.9)

G3 37.8  
(35.4-50.2)

12.1  
(10.3-13.8)

12.4  
(10.9-13.9)

27.5  
(24.9-28.8)

8.7  
(7.5-9.9)

15.3 (13.9-
16.5)

29.6 (25.4-
32.2)

9.8 (8.6-
10.9)

11.8  
(9.3-13.9)

p <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001*

T1-T2 32.5  
(29.4-37.8)

9.3  
(6.8-12.1)

6.6 
(5.9-8.1)

25.1  
(20.1-27.5)

7.1  
(5.4-8.7)

9.4  
(8.2-10.4)

24.9  
(23.5-29.6)

8.5  
(6.8-9.9)

6.4  
(5.8-6.9)

T3-T4 48.1  
(37.8-50.2)

13.0  
(12.5-13.8)

11.5  
(8.3-13.9)

28.2 (27.5-
28.8)

9.6  
(9.1-9.9)

14.2  
(10.7-16.5)

30.3  
(29.9-32.2)

10.6  
(9.8-10.9)

9.8  
(6.9-13.9)

p <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001*

N1-N2 32.9  
(29.4-37.8)

9.5  
(6.8-12.5)

6.3 
(5.9-7.8)

25.4  
(20.1-27.6)

7.3  
(5.4-9.1)

9.3 
(8.2-9.9)

24.9  
(23.5-29.9)

8.5  
(6.8-9.9)

6.3  
(5.8-6.9)

N3 48.7  
(45.8-50.2)

13.1  
(12.7-13.8)

11.4 (8.1-
13.9)

28.2  
(27.7-28.8)

9.7  
(9.2-9.9)

14.2  
(10.1-16.5)

30.4  
(30.1-32.2)

10.6  
(9.8-10.9)

9.7  
(6.8-13.9)

p <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001*

*statistically significant, Mann-Whitney U Test
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and a cellular part that contains tumor cells and stromal 
cells embedded in the extracellular matrix. The complex 
interaction among cytokines, growth factors, inflammatory 
mediators and matrix remodeling enzymes underlies the 
interactions among these constituents, which may facilitate 
the proliferation and invasion of cancer cells [28,29].

Additionally, TME is a complex, constantly dynamic 
ecosystem, in which miRNAs are crucial to its remodeling. 
Viral microRNAs that target both viral and cellular tran-
scripts can be encoded and expressed by viruses, particularly 
those belonging to the Herpesviridae Family. Furthermore, 
viruses like EBV have developed a number of defense strat-
egies to evade cellular microRNA targets. Viral miRNAs 
encoded by EBV have a clear correlation with the forma-
tion of tumors [31]. By directly targeting cellular mRNAs, 
they can modify host defense processes and aid in immune 
avoidance, apoptosis, cell cycle regulation, cell differentia-
tion and intracellular mobility. Viral miRNAs seem to be 
involved in controlling both latent and lytic infection as 
well as avoiding host immunity. Viral latency and lifelong 
EBV infection are primarily caused by complex interactions 
between EBV miRNA, cellular miRNA and host proteins.

Certain aberrantly produced miRNAs can function as 
independent indicators of illness prognosis and have a high 
association with clinical characteristics [32-34]. The current 
study represents the first unique finding linking HPV/EBV 
co-infection with certain miRNA (miR-625-5p, miR-31-5p, 
and miR-5100) to oropharyngeal cancer. The current study is 
an extension of our previous research, which indicated that 
34.1% of all cases had co-infection with EBV and HPV [9].

MiR-31-5p functions as a tumor inhibitor or oncogene. 
Since this miRNA is differentially expressed in several 
cancers and performs a significant role in oncogenesis, 
miR-31 may be a useful biomarker for such diseases. 
According to Yan et al. [34], miR-31 increases in OSCC 
and is crucial for the progression of cancer. Moreover, as 
concluded in a different study, circulating miR-31-5p could 
be used as a therapeutic target for oral cancer, as well as an 
independent biomarker for the disease’s identification [19]. 
MiR-31 functions as a tumor suppressor and was reported 
to have low expression in nasopharyngeal cancer tissues 
and cell lines. Moreover, the tumor-node-metastasis stage, 
according to research, is strongly associated with the low 
expression of miR-31 [20]. Additionally, studies suggest that 
tthere are notable differences in serum miR-31-5p between 
patients with oral cancer and healthy controls, as well as 
between patients before and after surgery [19]. This miRNA 
was previously linked to HPV infection and lymph node 
metastases in early stage cervical cancer, as evidenced by its 
upregulation [35]. Low expression of miR-31-5p was found 
to be strongly linked with the tumor-node-metastasis (TNM) 
stage in nasopharyngeal cancer in a study by Yi et al. [20]. 
According to our research, patients with co-infections of 
EBV and HPV had greater miR-31-5p titers than those with 
separate infections of both viruses. Furthermore, we dis-
covered that in both co-infection and single HPV and EBV 
infection, miR-31-5p was higher in larger tumor dimensions 
(T3-T4) and lymph node involvement (N3) than in T1-T2 
and N1-N2.

A recently identified miRNA linked to many diseases, 
including cancer, is that labeled miR-625. According to 
Zhang et al. [18], miR-625 expression is upregulated in a 
minor number of cancers and downregulated in the majority 
of carcinomas. MiR-625 levels have been observed to be 
decreased in gastric, bladder, lung and cervical cancers. 
What is more, in tumors located in the area of the head and 
neck, a decrease in the concentration of miR-625 is shown 
in nasopharyngeal cancer and esophageal cancer [17,36]. 
Wang et al.’s study found a strong correlation between 
low miR-625 expression and tumor stage, tumor depth and 
metastasis [17]. We found that miR-625-5p was higher with 
co-infections than with single HPV and EBV infections – as 
was in the case with miR-31-5p. Greater tumor size (T3-T4) 
and lymph node involvement (N3) in HPV/EBV coinfection, 
as well as in a single HPV and EBV infection were also 
associated with higher miR-625-5p values.

Another promising OPSCC biomarker is miR-5100, 
which contributes to a variety of human cancers, includ-
ing OSCC [10]. The expression of miR-5100 was signifi-
cantly lower in the serum of OSCC patients in the research 
conducted by Nakamura et al. [37]. Completely different 
conclusions were drawn by Wei et al. [38], who demon-
strated upregulated levels of miR-5100 in OSCC cells, while 
Shi et al. [10] revealed the prognostic value of miR-5100, 
together with miR-626 in OSCC. In our study, the values 
of miR-5100 in HPV/EBV coinfection were lower than in a 
single EBV infection and similar to a single HPV infection.

Extended dormancy after long-term infection can lead 
to cancers that are directly associated with many onco-
genic viruses [26]. However, the mechanisms of infection 
are complex and poorly explained. Only rarely do infected 
individuals develop invasive cancer, so pathogenic infec-
tions have been found to be necessary but not sufficient 
for tumor initiation or progression [26,27,39]. Moreover, 
a microenvironment that is conducive to oncogenesis may 
be established through the interactions of the host cell, viral 
factors and miRNAs [40].

Current study has shown the relationship between single 
EBV and HPV infections and co-infection with these viruses 
and the level of the studied miRNAs. Both miR-31-5p and 
miR-625-5p were increased in HPV/EBV co-infections 
compared to single infections.

The authors of all available studies compared the expres-
sion of miRNA in OSCC patients and the healthy population. 
They did not account for viral-related tumors. Contrary to 
the results cited in these publications, our observations focus 
only on the group of patients with OPSCC associated with 
single infection EBV, HPV and HPV/EBV co-infection.

Most of the studies analyzed miRNA expression by 
PCR, while our study included the evaluation of miRNA 
levels using a miRNA enzyme immunoassay kit [18]. For 
the purpose of determining miRNAs in clinically varied 
human samples, this method is sensitive, straightforward 
and somewhat rapid. Our research is, however, limited by 
the small number of patients within the study population. 
This problem requires further studies on a larger group of 
patients, and in a comparison to healthy people. In vitro cell 
culture studies will also be possible.
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Despite progress in the diagnosis and treatment (surgery 
combined with chemotherapy and radiotherapy) of the 
disease, the 5-year survival rate of OSCC is low. Moreover, 
routinely tumor stratification using TNM classification and 
histological grading may be not sufficient to predict the indi-
vidual prognosis of oropharyngeal cancer. Several studies 
have highlighted both pro-oncogenic and anti-oncogenic 
roles of miRNAs in tumor progression [41-46]. However, 
the obtained results indicate that tested miRNAs play a role 
in oropharyngeal cancer related to HPV and EBV infections, 
especially in HPV/EBV coinfection because they can modify 
various metabolic pathways. To evaluate the impact of HPV, 
EBV and co-infection on several biomarkers that could be 
significant in the diagnosis and prognosis of virally-associ-
ated oropharyngeal cancer, more investigation is required. 
MiRNAs detected in serum, plasma and saliva may be used 
in clinical applications as non-invasive biomarkers for early 
diagnosis and prognosis. Therefore, the systematic, bioin-
formatics analysis of the expression of various biomarkers 
is necessary to the identification of different tumor markers 
with prognostic value and as potential therapeutic target.

CONCLUSIONS

The present study revealed that miR-625-5p and miR-
31-5p levels were higher in HPV/EBV coinfection than 
in single HPV or EBV infection. However, in co-infected 
patients, the serum level of miR-5100 was lower than in 
patients infected with EBV alone, but was similar to that in 
a single HPV infection.

In the case of greater tumor sizes (T3-T4) and lymph 
node involvement (N3), the values of the tested miRNAs 
were higher both in a single HPV or EBV infection, and in 
HPV/EBV co-infection.

MiRNAs that have been investigated appear to be promis-
ing biomarkers for the diagnosis and prognosis of virally-
associated oropharyngeal carcinoma.

ORCID iDs

Marcin Koleśnik https://orcid.org/0000-0002-0400-7416
Bartłomiej Drop https://orcid.org/0000-0001-7044-3657
Małgorzata Polz-Dacewicz 

https://orcid.org/0000-0002-3222-184X

REFERENCES

1.	 Jiang R, Ekshyyan O, Moore-Medlin T, Rong X, Nathan S, Gu X, 
et al. Association between human papilloma virus/Epstein-Barr 
virus coinfection and oral carcinogenesis. J Oral Pathol Med. 
2015;44(1):28-36. 

2.	 Syrjänen S. Oral manifestations of human papillomavirus infections. 
Eur J Oral Sci. 2018;126(S1):49-66. 

3.	 Carpén T, Syrjänen S, Jouhi L, Randen-Brady R, Haglund C,  
Mäkitie A, et al. Epstein-Barr virus (EBV) and polyomaviruses are 
detectable in oropharyngeal cancer and EBV may have prognostic 
impact. Cancer Immunol Immunother. 2020;69(8):1615-26. 

4.	 Chow LQM. Head and neck cancer. N Engl J Med. 2020;382(1):60-72. 
5.	 Alibek K, Kakpenova A, Baiken Y. Role of infectious agents in the 

carcinogenesis of brain and head and neck cancers. Infect Agent 
Cancer. 2013;8(1):7.

6.	 Hillbertz NS, Hirsch JM, Jalouli J, Jalouli MM, Sand L. Viral and 
molecular aspects of oral cancer. Anticancer Res. 2012;32(10):4201-12. 

7.	 Al Moustafa AE, Chen D, Ghabreau L, Akil N. Association between 
human papillomavirus and Epstein-Barr virus infections in human 
oral carcinogenesis. Med Hypotheses. 2009;73(2):184-6. 

8.	 Makielski KR, Lee D, Lorenz LD, Nawandar DM, Chiu YF, 
Kenney SC, et al. Human papillomavirus promotes Epstein-Barr 
virus maintenance and lytic reactivation in immortalized oral 
keratinocytes. Virology. 2016;495:52-62. 

9.	 Drop B, Strycharz-Dudziak M, Kliszczewska E, Polz-Dacewicz M. 
Coinfection with Epstein-Barr Virus (EBV), Human Papilloma Virus 
(HPV) and Polyoma BK Virus (BKPyV) in laryngeal, oropharyngeal 
and oral cavity cancer. Int J Mol Sci. 2017;18(12):E2752. 

10.	 Shi J, Bao X, Liu Z, Zhang Z, Chen W, Xu Q. Serum miR-626 and 
miR-5100 are promising prognosis predictors for oral squamous cell 
carcinoma. Theranostics. 2019;9(4):920-31. 

11.	 Diez-Fraile A, De Ceulaer J, Derpoorter C, Spaas C, De Backer T, 
Lamoral P, et al. Tracking the molecular fingerprint of head and 
neck cancer for recurrence detection in liquid biopsies. Int J Mol 
Sci. 2022;23(5):2403. 

12.	 Dumache R. Early diagnosis of oral squamous cell carcinoma by 
salivary microRNAs. Clin Lab. 2017;63(11):1771-6. 

13.	 Schneider A, Victoria B, Lopez YN, Suchorska W, Barczak W, 
Sobecka A, et al. Tissue and serum microRNA profile of oral 
squamous cell carcinoma patients. Sci Rep. 2018;8(1):675. 

14.	 Manikandan M, Deva Magendhra Rao AK, Arunkumar G, 
Manickavasagam M, Rajkumar KS, Rajaraman R, et al. Oral 
squamous cell carcinoma: microRNA expression profiling and 
integrative analyses for elucidation of tumourigenesis mechanism. 
Mol Cancer. 2016;15(1):28. 

15.	 Romano G, Veneziano D, Acunzo M, Croce CM. Small non-coding 
RNA and cancer. Carcinogenesis. 2017;38(5):485-91. 

16.	 Cameron JE, Fewell C, Yin Q, McBride J, Wang X, Lin Z, et al. 
Epstein-Barr virus growth/latency III program alters cellular 
microRNA expression. Virology. 2008;382(2):257-66. 

17.	 Wang Z, Qiao Q, Chen M, Li X, Wang Z, Liu C, et al. miR-625 down-
regulation promotes proliferation and invasion in esophageal cancer 
by targeting Sox2. FEBS Letters. 2014;588(6):915-21. 

18.	 Zhang M, Xiong F, Zhang S, Guo W, He Y. Crucial roles of miR-625 
in human cancer. Front Med (Lausanne). 2022;9:845094. 

19.	 Lu Z, He Q, Liang J, Li W, Su Q, Chen Z, et al. miR-31-5p is a 
potential circulating biomarker and therapeutic target for oral 
cancer. Mol Ther Nucleic Acids. 2019;16:471-80. 

20.	 Yi SJ, Liu P, Chen BL, Ou-Yang L, Xiong WM, Su JP. Circulating miR-
31-5p may be a potential diagnostic biomarker in nasopharyngeal 
carcinoma. Neoplasma. 2019;66(5):825-9. 

21.	 Wang T, Liu X, Tian Q, Liang T, Chang P. Increasing expression 
of miR-5100 in non-small-cell lung cancer and correlation with 
prognosis. Eur Rev Med Pharmacol Sci. 2017;21(16):3592-7. 

22.	 WHO classification of tumours series. In: Head and Neck Tumours, 
5th ed. International Agency for Research on Cancer: Lyon, France. 
2022;9.

23.	 Amin MB, Edge SB, Greene FL, Byrd DR, Brookland RK, 
Washington MK, et al. AJCC Cancer Staging Manual, 8th ed. 
Springer: New York, NY, USA; 2017.

24.	 Kobayashi K, Hisamatsu K, Suzui N, Hara A, Tomita H, Miyazaki 
T. A review of HPV-related head and neck cancer. J Clin Med. 
2018;7(9):241. 

25.	 Roden RBS, Stern PL. Opportunities and chal lenges for 
human papillomavirus vaccination in cancer. Nat Rev Cancer. 
2018;18(4):240-54. 

26.	 Vedham V, Divi RL, Starks VL, Verma M. Multiple infections and 
cancer: implications in epidemiology. Technol Cancer Res Treat. 
2014;13(2):177-94. 

27.	 Guidry JT, Scott RS. The interaction between human papillomavirus 
and other viruses. Virus Res. 2017;231:139-47. 

28.	 Elmusrati A, Wang J, Wang CY. Tumor microenvironment and 
immune evasion in head and neck squamous cell carcinoma. Int J 
Oral Sci. 2021;13(1):1-11. 

29.	 Peltanova B, Raudenska M, Masarik M. Effect of tumor 
microenvironment on pathogenesis of the head and neck squamous 
cell carcinoma: a systematic review. Mol Cancer. 2019;18(1):63. 

30.	 Quail DF, Joyce JA. Microenvironmental regulation of tumor 
progression and metastasis. Nat Med. 2013;19(11):1423-37. 



Selected miRNAs in oropharyngeal squamous cell carcinoma (OPSCC) with HPV and EBV coinfection

18 Current Issues in Pharmacy and Medical Sciences

31.	 Thorley-Lawson DA, Hawkins JB, Tracy SI, Shapiro M. The 
pathogenesis of Epstein-Barr virus persistent infection. Curr Opin 
Virol. 2013;3(3):227-32. 

32.	 Zhu Q, Wang Z, Hu Y, Li J, Li X, Zhou L, et al. miR-21 promotes 
migration and invasion by the miR-21-PDCD4-AP-1 feedback loop 
in human hepatocellular carcinoma. Oncol Rep. 2012;27(5):1660-8. 

33.	 Lamperska KM, Kozlowski P, Kolenda T, Teresiak A, Blizniak R, 
Przybyla W, et al. Unpredictable changes of selected miRNA in 
expression profile of HNSCC. Cancer Biomarkers. 2016;16(1):55-64. 

34.	 Yan ZY, Luo ZQ, Zhang LJ, Li J, Liu JQ. Integrated analysis and 
MicroRNA expression profiling identified seven miRNAs associated 
with progression of oral squamous cell carcinoma. J Cell Physiol. 
2017;232(8):2178-85. 

35.	 Zheng W, Liu Z, Zhang W, Hu X. miR-31 functions as an oncogene 
in cervical cancer. Arch Gynecol Obstet. 2015;292(5):1083-9. 

36.	 Chen M, Xu Z, Zhang Y, Zhang X. LINC00958 promotes 
the malignancy of nasopharyngeal carcinoma by sponging 
microRNA-625 and thus upregulating NUAK1. Onco Targets Ther. 
2019;12:9277-90. 

37.	 Nakamura K, Hiyake N, Hamada T, Yokoyama S, Mori K, Yamashiro 
K, et al. Circulating microRNA Panel as a Potential novel biomarker 
for oral squamous cell carcinoma diagnosis. Cancers (Basel). 
2021;13(3):449. 

38.	 Wei Z, Lyu B, Hou D, Liu X. Mir-5100 mediates proliferation, 
migration and invasion of oral squamous cell carcinoma cells via 
targeting SCAI. J Invest Surg. 2021;34(8):834-41. 

39.	 Morales-Sánchez A, Fuentes-Pananá EM. Human viruses and cancer. 
Viruses. 2014;6(10):4047-79. 

40.	 Vojtechova Z, Tachezy R. The role of miRNAs in virus-mediated 
oncogenesis. Int J Mol Sci. 2018;19(4):1217. 

41.	 Kim S, Park S, Oh JH, Lee SS, Lee Y, Choi J. MicroRNA-18a regulates 
the metastatic properties of oral squamous cell carcinoma cells via 
HIF-1α expression. BMC Oral Health. 2022;22(1):378. 

42.	 Fang C, Li Y. Prospective applications of microRNAs in oral cancer. 
Oncol Lett. 2019;18(4):3974-84. 

43.	 Rajan C, Roshan VGD, Khan I, Manasa VG, Himal I, Kattoor J,  
et al. MiRNA expression profiling and emergence of new prognostic 
signature for oral squamous cell carcinoma. Sci Rep. 2021;11(1):7298. 

44.	 Ogawa H, Nakashiro K, Tokuzen N, Kuribayashi N, Goda H, Uchida 
D. MicroRNA‐361‐3p is a potent therapeutic target for oral squamous 
cell carcinoma. Cancer Sci. 2020;111(5):1645-51.

45.	 Gu Y, Tang S, Wang Z, Cai L, Shen Y, Zhou Y. Identification of key 
miRNAs and targeted genes involved in the progression of oral 
squamous cell carcinoma. J Dent Sci. 2022;17(2):666-76. 

46.	 Wang J, Lv N, Lu X, Yuan R, Chen Z, Yu J. Diagnostic and therapeutic 
role of microRNAs in oral cancer. Oncol Rep. 2021;45(1):58-64.


