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SOUHRN
Kovaříková H., Baranová I., Laco J., Rozkošová K., Vošmiková H., Vošmik M., Dundr P., Němejcová K., Michá-
lek J., Palička V., Chmelařová M.: Deregulace vybraných mikroRNA u karcinomu sinonasálních dlaždicových 
buněk související s HPV
Cíl studie: V rámci této studie jsme využili metody kvantitativní real-time PCR pro sledování úrovně relativní exprese  
miR-145-5p, miR-484 a miR-99a-5p v souboru HPV pozitivních a HPV negativních vzorků sinonasálního dlaždicobuněč-
ného karcinomu. 
Typ studie: původní práce.
Název a sídlo pracoviště: Ústav klinické biochemie a diagnostiky, Lékařská fakulta v Hradci Králové, Univerzita Karlova 
a Fakultní nemocnice Hradec Králové, Sokolská 581, 500 05 Hradec Králové.
Materiál a metody: Metoda kvantitativní real-time PCR s TaqManTM Advanced miRNA Assays byla použita pro sledování 
relativní exprese vybraných mikroRNA (miR-145-5p, miR-484 a miR-99a-5p) v unikátním souboru vzorků fixovaných ve 
formalínu a archivovaných v parafinu získaných od 46 pacientů se sinonasálním dlaždicobuněčných karcinomem. Statistic-
ká analýza (Studentův t-test, jednofaktorová analýza rozptylu a regresní analýza) byla provedena s cílem porovnat úroveň 
relativní exprese mikroRNA se zaznamenanými klinickopatologickými daty jako je HPV status.
Výsledky: Naše výsledky ukazují statisticky významnou downregulaci miR-145-5p (P < 0,001 a Fold change = -2,78) ve 
vzorcích sinonasálního skvamózního karcinomu. Přítomnost HPV infekce korelovala s mírou exprese všech tří studovaných 
mikroRNA. Exprese miR-145-5p byla nižší u HPV negativních vzorků (P = 0,019), miR-99a-5p byla upregulována u HPV 
pozitivních vzorků (P = 0,058) a miR-484 byla downregulována u HPV pozitivních vzorků (P = 0,016). Pacienti, kteří byli 
zařazeni do kategorie kuřáci nebo bývalí kuřáci, vykazovali downregulaci miR-99a-5p (P = 0,060). Perineurální šíření bylo 
spojeno s významnou downregulací miR-99a-5p (P = 0,0055). Významná downregulace miR-145-5p byla spojena s angi-
oinvazí (P = 0,037) a regionálním šířením (P = 0,076).
Závěr: V rámci naší studie jsme nalezli spojitost mezi expresí studovaných mikroRNA a přítomností HPV infekce v nádoro-
vých vzorcích. Naše výsledky naznačují, že miR-145-5p, miR-484 a miR-99a jsou součástí patogeneze HPV. Avšak přesná 
role miRNA spojených s HPV infekcí ve vývoji sinonasálních karcinomů není dosud známá.
Klíčová slova: sinonasální karcinom, mikroRNA, lidský papillomavirus.

SUMMARY 
Objective: In the present study, we used quantitative real-time PCR to investigate relative expression values of miR-145-5p, 
miR-484 and miR-99a-5p in HPV positive and HPV negative samples of sinonasal squamous cell carcinoma.
Design: Original Article.
Settings: Institute of Clinical Biochemistry and Diagnostics, Charles University, Faculty of Medicine in Hradec Králové and 
University Hospital Hradec Králové, Sokolská 581, 500 05 Hradec Králové
Materials and Methods: Quantitative real-time PCR with TaqManTM Advanced miRNA Assays was used to investigate 
relative expression values of selected microRNAs (miR-145-5p, miR-484 and miR-99a-5p) in a unique set of formalin-fixed 
paraffin-embedded tissue samples obtained from 46 patients with sinonasal squamous cell carcinoma. Statistical analysis 
(Student’s t-test, one-way analysis of variance and regression analysis) was performed to compare relative expression 
miRNA values and recorded clinicopathological data such as HPV status.
Results: Our results show statistically significant downregulation of miR-145-5p (P < 0.001 and Fold change = -2.78) 
in sinonasal squamous cell carcinoma samples. The presence of HPV infection correlated with the expression levels of 
all three studied miRNAs. The expression of miR-145-5p was lower in HPV negative samples (P = 0.019), miR-99a-5p 
was upregulated in HPV positive samples (P = 0.058) and miR-484 was downregulated in HPV positive samples (P = 
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Introduction

Sinonasal carcinomas (SNC) are group of malignan-
cies developing in nasal and paranasal sinuses. They 
represent up to 3 % – 5 % of all head and neck cancers 
and 1 % of all kinds of tumors [1]. The most common 
subtype is sinonasal squamous cell carcinoma (SSCC) 
(65 – 75%). However, squamous cell tumors are less 
prevalent than in other types of head and neck cancers. 
SSCCs are further classified as non-keratinizing or kera-
tinizing, when non-keratinizing tumors are more likely to 
be linked to high-risk HPV (HR-HPV) infection [2].

In 2016, incidence of SNCs in the Czech Republic 
was 0.5/100 000 and mortality was 0.23/100 000 [3]. 
The tumors are more common in men than women and 
appear mostly in advanced age [4]. Early symptoms 
of the disease can be rhinorrhea, epistaxis, epiphora, 
and nasal obstruction. Advanced lesion symptoms 
might include blurred vision, diplopia or proptosis [5].  
Treatment is usually based on radical surgical resection 
with postoperative radiotherapy [6].

Risk factors for the disease development involve 
smoking and professional exposure to specific cance-
rogenous substances such as wood-dust, leather dust 
and formaldehyde [7, 8]. 

Influence of HPV infection on SNC carcinogenesis 
has been researched recently. Approximately 20 – 30 % 
of SNC tumors harbor transcriptionally active HPV infec-
tion, which is smaller amount in comparison to other 
head and neck tumors [9]. High-risk HPV genotype 16 
is the most aggressive type, which has been found in 
about 90 % of HPV positive cases of SSCC. Patients 
with HPV positive tumors have much better prognosis 
than patients with HPV negative tumors [10-12]. 

microRNAs are short (~23 nucleotides) non-coding 
RNA molecules taking part in gene expression regula-
tion. The first evidence of their existence was published 
by Lee et al. in 1993 [13] as an outcome of experiments 
with Caenorhabditis elegans. All information about 
annotated mature miRNAs and their hairpin sequences 
are summarized in searchable online reference data-
base miRbase („microRNA registry“). The newest versi-
on (Release 22.1, October 2018) of miRbase contains 
38,589 entries in total, from which 1,917 are human 
miRNA precursors and 2,654 human mature miRNA 
entries [14, 15]. Primary function of miRNAs is negati-
ve translation regulation as part of RISC (RNA induced 
silencing complex) by translational repression and/or 
mRNA degradation [16]. 

In the present study, we used quantitative real-time 
PCR to investigate relative expression values of miR-
145-5p, miR-484 and miR-99a-5p in a unique set of 
formalin-fixed, paraffin-embedded (FFPE) tissue sam-

ples obtained from patients with SSCC. As in some of 
the samples HPV infection was detected, correlation 
between HPV positivity and relative miRNA expression 
was investigated.

Material and Methods

A total of 63 FFPE tissue samples from SSCC 
patients and normal sinonasal tissue were analyzed: 
46 were cancer cases and 17 were control samples. 
Only tumors primarily originating from the nasal cavity, 
maxillary sinuses, and ethmoid complex were included, 
while no tumors were found in the frontal or sphenoid 
sinuses. Due to retrospectivity of the study, the sam-
ples used as controls were 8 mucosal specimens from 
the nasal cavity and 9 from the maxillary sinus which 
were obtained from patients treated for a non-malig-
nant diagnosis such as chronic polypoid sinusitis and 
rhinitis (10 women and 7 men with median age of 54).  

Paraffin samples for this study were obtained from 
Departments of Pathology of three University Hos-
pitals in the Czech Republic (Hradec Kralove, Pra-
gue, Olomouc) and all malignancies were diagnosed 
between August 1995 and August 2014. Carcinoma 
cases were classified according to the current World 
Health Organization (WHO) classification (2017) and all 
the samples were reviewed by experienced head and 
neck pathologist (JL). The study was approved by the 
Ethics Committee of University Hospital Hradec Kralo-
ve (201511 S27P). 

The tumor types included exclusively squamous cell 
carcinoma (conventional, verrucous, papillary, basaloid, 
spindle cell, acantholytic and adenosquamous). Vascu-
lar invasion, perineural spread, status of resection mar-
gins (in the case of radical surgery), and microscopic 
findings in the surrounding mucosa were described. 

Data such as gender, age at the time of diagnosis, 
smoking history (non-smoker vs. ex-smoker vs. current 
smoker), occupation (high-risk such as rubber indust-
ry worker, joiner, locksmith, woodworker and miller vs. 
low-risk), tumor localization (nasal cavity, maxillary sinus 
and ethmoid complex), laterality and clinical/patholo-
gical TNM (7th edition classification) were recorded for 
every patient (Table 1). During the follow-up period (until 
February 2016) local recurrence, regional recurrence, 
distant recurrence, death, and tumor related death sta-
ging were documented. The patients were treated with 
radical surgery (35 patients), 17 of them were treated 
in combination with radiotherapy and 10 in combination 
with radiotherapy and chemotherapy. 5 of the patients 
were treated by radiotherapy and 4 patients were treated 
by combination of radiotherapy and chemotherapy.

0.016). Patients with recorded history of smoking or currents smokers showed downregulation of miR-99a-5p (P = 0.060). 
Perineural invasion was linked to significant downregulation of miR-99a-5p (P = 0.0055). Distinctive downregulation of  
miR-145-5p was linked to vascular invasion (P = 0.037) and regional recurrence (P = 0.076). 
Conclusion: We have found correlation between studied miRNA expression and presence of HPV infection in the patient 
samples. Our results suggest that miR-145, miR-484 and miR-99a are involved in HPV pathogenesis. However, the actual 
pathway of HPV related miRNA involvement in sinonasal tumor development is not yet known.
Keywords: sinonasal carcinoma, microRNA, human papilloma virus.
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HPV status was analyzed using HPV DNA in situ 
hybridization (ISH), HPV E6/E7 mRNA ISH, HPV DNA 
polymerase chain reaction (PCR) and typing, and HPV 
E6/E7 mRNA reverse transcription and polymerase 
chain reaction (RT PCR). For the purpose of statisti-
cal analysis, a case was considered HPV positive if it 
was positive for HPV DNA ISH/PCR and/or HPV E6/E7 
mRNA ISH/PCR. For detailed information about HPV 
analysis see manuscript by Laco et al. (2015) [12].

 
RNA isolation

Two to four 5-µm-thick sections were cut from FFPE 
tissue samples and deparaffinized using xylene and etha-
nol. Total RNA including miRNAs was isolated from FFPE 
tissue samples using RNeasy FFPE Kit (Qiagen, Hilden, 
Germany) according to the manufacturer’s protocol. The 
extracted RNA was ultimately eluted in 30 µl of RNase 
free water. Concentration and purity of the isolated RNA 
was determined by NanoDrop ND 1000 spectrophoto-

Table 1: Clinicopathological data of sinonasal cancer patients.

Clinicopathological Characteristics N
SSCC

No. of patients Proportion of N (%)

Gender (46)
Male

46
31 67 

Female 15 33 

Age (46)
≤ 50

46
5 11 

> 50 41 89 

Smoking status (39)

Smoker

39

15 38 

Ex-smoker 7 18 

Non smoker 17 44 

Occupation (39)
High risk

39
3 8 

Low risk 36 92 

Localization (45)

Nasal cavity

45

21 47 

Maxillary sinus 22 49 

Ethmoid complex 2 4 

pT (37)

T1

37

5 14 

T2 5 14 

T3 5 14 

T4 22 59 

pN (45)

N0

45

36 80 

N1 2 4 

N2 7 16 

N3 0 0 

cM (45)
M0

45
44 98 

M1 1 2 

Resection margin (46)
Positive

46
38 83 

Negative 8 17 

Grading (43)

G1

43

5 12 

G2 27 63 

G3 11 26 

Vascular invasion (46)
Yes

46
6 13 

No 40 87 

Perineural invasion (46)
Yes

46
1 2 

No 45 98 

Local recurrence (41)
Yes

41
15 37 

No 26 63 

Regional recurrence (40)
Yes

40
3 8 

No 37 92 

Distant recurrence (39)
Yes

39
3 8 

No 36 92 

HPV status (46)
Negative

46
30 65 

Positive 16 35
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meter (Thermo Fisher Scientific, Wilmington, DE, USA) 
by measuring the optical density at 260 nm and 280 nm 
(A260/280 ratio). After isolation, the samples were imme-
diately processed or stored at -80 °C. 
 
Quantitative real-time PCR of microRNAs

The synthesis of cDNA was done using TaqManTM 
Advanced miRNA cDNA Synthesis Kit with universal 
reverse transcription primers (Applied Biosystems, Foster 
City, CA, USA) according to the manufacturer’s protocol 
with 8 – 10 ng of total RNA in the reaction. Real-time PCR 
was done with TaqManTM Fast Advanced Master Mix 
(Applied Biosystems) and specific TaqManTM Advanced 
miRNA Assays (Applied Biosystems) on Rotor Gene Q 
(Qiagen). Assays for hsa-miR-145-5p, hsa-miR-484 and 
hsa-miR-99a-5p and hsa-miR-361-5p (endogenous con-
trol) were used. All steps were performed following the 
manufacturer’s protocol. Studied miRNAs were selected 
based on review of literature dealing with deregulation of 
miRNA in various types of head and neck cancer.

All reactions were performed in triplicates and the 
reaction volume was 10 µl with 2.5 µl of the samp-
le. The reaction conditions were set according to the 
manufacturer’s protocol and it involved enzyme acti-
vation at 95 °C for 20 s followed by 40 cycles of dena-
turation at 95 °C for 3 s and annealing/extension at 
60 °C for 30 s. Fluorescence data were analyzed in the 
Rotor Gene Q Series Software. Relative expression of 
each miRNA was determined using the 2-ΔΔCt method 
[17] with expression levels of miR-361 for data norma-
lization. This workflow was chosen based on literature 
review and manufacturer’s recommendation for endo-
genous controls listed in the user guide for TaqManTM 
Advanced miRNA Assays.  

Statistical Analysis

All statistical analyses were performed using STA-
TISTICA (data analysis software system) version 13 
(TIBCO Software Inc., Tulsa, OK, USA). MiRNA expres-
sion values were log transformed to a normal distributi-
on of data for parametric tests and extreme values were 
excluded from the analysis. Student’s t-test was used 
to compare miRNA expression levels in tumor and non 
tumor samples. The null hypothesis was based on the-
ory that there was no difference between expression 
levels of studied microRNAs between tumor samples 
and control samples. 

One way analysis of variance (ANOVA) and regres-
sion analysis were used to analyze the correlation 
between expression level of miRNA and various clini-
copathological features. All tests were two tailed and  
P < 0.05 was considered statistically significant.

Results

In this study we analyzed expression levels of miR-
145-5p, miR-484 and miR-99a-5p using TaqManTM 
Advanced miRNA Assays and real-time PCR method 

in 46 SSCC and 17 control samples. One of the three 
studied miRNAs was downregulated – miR-145-5p  
(P < 0.001 and Fold change = -2.78). The other two 
miRNAs were deregulated, however, the results were 
not statistically significant, because fold change value 
was more than -2 and P value was more than 0.05. 

Correlation with clinicopathological characteris-
tics

Age range of the patients at the time of diagnosis 
was between 27 and 82 years and median age was 
65 years. During the follow-up period, 26 patients 
died, of whom 11 due to the tumor. Control samples  
(n = 17) were acquired from 7 male and 10 female patients. 
The youngest patient was 24 years old and the oldest one 
was 74 years old while median age was 54 years. Using 
statistical analysis, we compared relative expression levels 
of examined miRNA with clinicopathological characteris-
tics described earlier (Table 2). Only statistically significant 
results and results approaching statistical significance will 
be described in the following text.

Patients with recorder history of smoking or current 
smokers showed downregulation of miR 99a-5p, where-
as nonsmokers had normal levels of this miRNA (P = 
0.06). Moreover, perineural invasion was linked to signifi-
cant downregulation of miR-99a-5p (P = 0.0055). Distinc-
tive downregulation of miR-145-5p was linked to vascular 
invasion (P = 0.037) and regional recurrence (P = 0.076).

HPV status was positive in 16 patients and negative 
in the other 30 patients. The presence of HPV infection 
correlated with the expression levels of all three studied 
miRNAs. The expression of miR-145-5p was lower in 
HPV negative samples (P = 0.019). Moreover, miR-
99a-5p was downregulated in HPV negative samples 
and upregulated in HPV positive samples approaching 
statistical significance (P = 0.058). On the other hand, 
miR-484 was downregulated in HPV positive samples 
and no deregulation was found in HPV negative sam-
ples (P = 0.016) (Fig. 1).

Discussion

microRNAs have been recognized as key molecules 
in cancer development and progression in various types 
of tumors. They have been established as promising 
prognostic cancer biomarkers due to their resistance 
to degradation in many tissue types (including FFPE tis-
sues) and various body fluids (such as plasma, serum, 
urine, or saliva) [18, 19].

Number of studies focused on miRNA expression 
in sinonasal cancer has been limited. Ogawa et al. [20] 
studied correlation between downregulation of miR-
34a and resistance to cis-platinum treatment. The 
downregulation of miR-34a in SSCC was further con-
firmed by Zhao and Wang [21] and further associated 
it with poor prognosis of the patients. HPV positivity is 
currently the hot topic especially in oropharyngeal can-
cer research. Deregulation of various miRNAs (such 
as miR-21 miR-31, miR-24, miR-146a, etc.) has been 
previously described [22, 23].
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Expression levels of miR-145-5p were significantly 
lower in our set of sinonasal squamous cell samples 
compared to control samples. According to literature 
miR-145-5p is deregulated in various types of cancers 
such as melanoma [24] and even in head and neck can-
cers such as laryngeal squamous cell carcinoma [25]. 
miR-145 has been established as an important tumor 
suppressor and its deregulation has an impact on the 
cell proliferation, apoptosis, migration and invasion of 
the tumor cells [26]. In concordance, we found correla-
tion between miR-145-5p downregulation and vascular 
invasion and regional recurrence of the tumors. These 
findings confirm involvement of the miRNA deregulati-
on in aggressiveness of the tumor. 

Reports of deregulation of miR-99a in head and 
neck cancer have been published, which we could not 
confirm in SNC. However, we found downregulation of 
miR-99a in patients with recorded history of smoking, 

which might be connected to possible suggested regu-
lation of miR-99a DNA damage response [27].

Finally, all three miRNAs correlated with the pre-
sence of HPV infection in the patients’ samples. It has 
been reported that approximately 20 – 30 % sinonasal 
tumors are HPV positive but the role of HPV status in 
SNC has not been well-established yet (opposed to 
other types of head and neck cancer such as oropha-
ryngeal cancer). HPV positivity is more often detected 
in non-keratinizing, basaloid and papillary tumors rather 
than in keratinizing tumors. HPV infection might act in 
SSCC pathology by p53 tumor suppressor gene muta-
tion. On the other hand, HPV positivity was identified in 
up to 100 % of SSCC tumors developed from inverted 
papillomas. As a result, it is believed that transition from 
inverted papilloma to carcinoma is the other probable 
mechanism of HPV involvement in SNC pathology [9]. 
High risk HPV type 16 is the most aggressive type 

Table 2: Correlations of miRNA expression with clinicopathological data sinonasal squamous cell carcinoma samples.

Clinicopathological data miR-145-5p miR-484 miR-99a-5p

Gender
Male

0.22 0.90 0.43
Female

Age (46)
≤ 50

0.74 0.30 0.29
> 50

Smoking status (39)
Smoker (ex-smoker)

0.30 0.43 0.060
Non-smoker

Occupation
High-risk

0.83 0.42 0.53
Low-risk

Localization
Nasal cavity

0.82 0.40 0.60
Maxillary sinus

cT
T1, T2

0.25 0.63 0.36
T3, T4

cN
cN0

0.73 0.97 0.21
cN1-3

cM
M0

0.13 0.89 0.26
M1

Resection margin
Positive

0.25 0.71 0.92
Negative

Grade
G1

0.15 0.79 0.77
G2-3

Vascular invasion
Yes

0.037 0.26 0.69
No

Perineural invasion
Yes

0.29 0.35 0.006
No

Local recurrence
Yes

0.75 0.54 0.23
No

Regional recurrence
Yes

0.076 0.36 0.43
No

Distant recurrence
Yes

0.53 0.70 0.23
No

HPV status
Negative

0.019 0.016 0.058
Positive

Statistically significant results and results approaching statistical significance and are marked in bold.
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human papillomavirus, which has been found in about 
80 % of HPV+ cases of SSCC. Patients with HPV+ 
tumors have much better prognosis than patients with 
HPV- tumors [28, 12].

Downregulation of miR-145 has been described 
in HPV related tumors such as oropharyngeal cancer 
(which is nowadays predominantly caused by HPV 
infection) and cervical cancer which is mostly HPV 
related [29]. Lu et al. 2015 [30] suggested a synergic ef-
fect of miR-145-5p and long non-coding RNA MALAT1 
in HPV+ positive cervical cancer causing reduction 
of cancer colony formation, cell cycle regulation and 
induction of apoptosis. Correspondently to HPV patho-
logy, it has been reported that miR-145 regulates cell 
proliferation and apoptosis induced by p53 activator by 
targeting NRAS gene.

Vojtechova et al. [31] have reported miR-99a to be 
specifically downregulated in HPV negative oropha-
ryngeal squamous cell carcinomas, which correspond 
with the trend of low expression miR-99a in our sino-
nasal squamous cell carcinoma samples. It has been 
shown that miR-99a inhibits cell proliferation, migra-
tion and invasion by targeting FGFR3 [32].  miR-484 
was downregulated in HPV positive samples of SNC 
in comparison to HPV negative samples. Interestin-
gly, downregulation of this miRNA has been reported 
in HPV linked cervical tumors. Moreover, miR-484 has 
been reported to inhibit cell proliferation and EMT pro-
cesses by targeting ZEB1 and SMAD2 genes in HPV+ 
related cervical cancer [33].

Conclusion

We have found correlation between studied miRNA 
expression and presence of HPV infection in the sam-
ples. Our results suggest that miR-145, miR-484 and 

miR-99a are involved in HPV pathogenesis. However, 
the actual pathway of HPV related miRNA involvement 
in sinonasal tumor development is not yet known.
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