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Abstract. Epigenetic changes are considered to be a 
frequent event during tumour development. Hyper
methylation of promoter CpG islands represents an 
alternative mechanism for inactivation of tumour 
suppressor genes, DNA repair genes, cell cycle regu-
lators and transcription factors. The aim of this study 
was to investigate promoter methylation of specific 
genes in samples of sinonasal carcinoma by compari-
son with normal sinonasal tissue. To search for epige-
netic events we used methylation-specific multiplex 
ligation-dependent probe amplification (MS-MLPA) 
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to compare the methylation status of 64 tissue sam-
ples of sinonasal carcinomas with 19 control samples. 
We also compared the human papilloma virus (HPV) 
status with DNA methylation. Using a 20% cut-off 
for methylation, we observed significantly higher 
methylation in RASSF1, CDH13, ESR1 and TP73 
genes in the sinonasal cancer group compared with 
the control group. HPV positivity was found in 15/64 
(23.4 %) of all samples in the carcinoma group and 
in no sample in the control group. No correlation was 
found between DNA methylation and HPV status. 
In conclusion, our study showed that there are sig-
nificant differences in promoter methylation in the 
RASSF1, ESR 1, TP73 and CDH13 genes between 
sinonasal carcinoma and normal sinonasal tissue, 
suggesting the importance of epigenetic changes in 
these genes in carcinogenesis of the sinonasal area. 
These findings could be used as prognostic factors 
and may have implications for future individualised 
therapies based on epigenetic changes.

Introduction
Malignant tumours of the sinonasal tract are general-

ly uncommon tumours of the head and neck area that 
account for approximately 3 % to 5 % of all upper res-
piratory tract malignancies (Haerle et al., 2013). In 
2011, 51 new cases in men and 28 in women were diag-
nosed in the Czech Republic, giving incidence rates of 
1.0/100,000 and 0.5/100,000 for males and females, re-
spectively (Zvolský, 2014). These figures probably re-
flect the general status in Europe and worldwide (Turner 
and Reh, 2002; Syrjänen and Syrjänen, 2013). Diagnosis 
and treatment of these tumours pose several problems 
due to their very low incidence, histological diversity, 
production of non-specific symptoms in the early stages 



Vol. 62	 111

that can simulate an inflammatory process and, because 
they have a variable prognosis depending on their his-
tology, location and staging (López et al., 2013). There 
are established risk factors based on exposure to wood 
dust and various chemical substances such as nickel, 
formaldehyde, diisopropyl sulphate and dichloroethyl 
sulphide (Barnes et al., 2005). In general, sinonasal car-
cinomas (SNC) are radiosensitive; therefore, adjuvant 
or neoadjuvant radiation treatment may be indicated in 
advanced disease. Multidisciplinary surgical and medi-
cal oncologic approaches, which include ablation and 
reconstruction, have enhanced the survival outcome 
over the past few decades (Haerle et al., 2013).

Cancer has been considered as a disease driven by 
progressive genetic alterations, such as mutations in-
volving oncogenes or tumour suppressor genes, as well 
as chromosomal abnormalities. However, more recent-
ly, it has been demonstrated that cancer is also driven by 
epigenetic alterations (Barton et al., 2008). Many differ-
ent genes have been identified as being hypermethylated 
and silenced during tumour development. Because SNC 
are a group of aggressive tumours, it is very important to 
know their molecular parameters to establish diagnostic 
strategies and individualised therapies.

Epigenetics can be described as stable alteration in 
the gene expression potential that takes place during de-
velopment and cell proliferation, without any changes in 
the gene sequence. DNA methylation is one of the most 
common epigenetic events taking place in the mamma-
lian genome. This change, though heritable, is reversi-
ble, making it a possible therapeutic target. DNA meth-
ylation is a covalent chemical modification mediated by 
DNA cytosine methyltransferases, resulting in addition 
of a methyl group at the carbon-5 position of the cyto-
sine ring in the CpG context (Das and Singal, 2004).
In the present study we used methylation-specific 

multiplex ligation-dependent probe amplification (MS-
MLPA), which allows simultaneous assessment of aber-
rant promoter methylation of a large set of genes. MS-
MLPA requires only small quantities of short DNA 
fragments, making it very suitable for analysis of DNA 
isolated from formalin-fixed and paraffin-embedded 
(FFPE) tissue samples (Nygren et al., 2005). We also 
decided to compare the human papilloma virus (HPV) 
status with DNA methylation, because it seems that HPV-
positive tumours have stronger association with pro-
moter methylation compared with HPV-negative tumours. 
This could be explained by overexpression and in-
creased activation of DNA methyltransferases DNMT1 
and DNMT3b, which are both key proteins in the regu-
lation of DNA methylation (van Kempen et al., 2014). 

Material and Methods
Formalin-fixed, paraffin-embedded tissue samples of 

sinonasal carcinomas and normal sinonasal tissue were 
obtained from 83 patients: 64 patients with sinonasal 
carcinoma, and 19 patients with a non-malignant diag-
nosis. Only tumours primarily originating from the na-

sal cavity, maxillary sinuses and ethmoid complex were 
included. No tumours were found in the frontal or sphe-
noid sinuses. The samples of normal tissue (10 mucosal 
specimens from the nasal cavity and 9 from the maxil-
lary sinus) were obtained from patients treated for a 
non-malignant diagnosis such as chronic rhinitis and 
sinusitis. The paraffin blocks were retrieved from the 
archives of the Fingerland Department of Pathology, 
University Hospital Hradec Králové; the Department of 
Pathology, General University Hospital, Prague, Czech 
Republic; and the Department of Pathology, University 
Hospital Olomouc, Czech Republic. All malignant epi-
thelial tumours of the sinonasal tract were diagnosed 
between August 1995 and August 2014. All slides were 
reviewed by an experienced head and neck pathologist 
(J. L.) and the carcinomas were classified according to 
the current WHO classification (Barnes et al., 2005). 
The study was approved by the Ethics Committee of 
University Hospital Hradec Králové. The need for in-
formed consent was waived by the review board in view 
of the retrospective nature of the study and long archival 
period of the FFPE tissue samples involved.

Each patient had recorded the gender, age at the time 
of diagnosis, smoking history (non-smoker vs. ex-smoker 
vs. current smoker), occupation (risky vs. non-risky), 
and tumour localization, including the nasal cavity, ma
xillary sinus, and ethmoid complex, laterality and path-
ological TNM. During the follow-up period (until Octo
ber 2014), local recurrence, regional recurrence, distant 
recurrence, death, and tumour-related death staging 
were recorded. When radical surgery was not performed, 
clinical TNM staging was used instead. Treatment mo-
dalities were radical surgery, radiotherapy, and chemo-
therapy in various combinations.

The tumour types included squamous cell carcinoma 
(SCC) (conventional, verrucous, papillary, basaloid, 
spindle cell, acantholytic, adenosquamous), lymphoepi-
thelial carcinoma (LEC), sinonasal undifferentiated car-
cinoma (SNUC), adenocarcinoma (intestinal-type, non-
intestinal-type, salivary gland-type), and neuroendocrine 
tumours (typical carcinoid, atypical carcinoid, small cell 
neuroendocrine carcinoma (SCNEC)). Vascular inva-
sion, perineural spread, status of resection margins (in 
the case of radical surgery), and microscopic findings in 
the surrounding mucosa were also noted. 
DNA for methylation analysis was extracted from the 

FFPE tissue samples using a Qiagen (Hilden, Germany) 
DNA extraction kit.

The HPV status was analysed 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 polymer-
ase chain reaction (RT-PCR) as previously described 
(Laco et al., 2015). For the purposes of statistical analy-
sis, a case was considered HPV-positive if it was posi-
tive for HPV DNA ISH/PCR and/or HPV E6/E7 mRNA 
ISH/PCR. For details of HPV analyses, see Laco et al. 
(2015). 

DNA Methylation in Sinonasal Cancer
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Methylation-specific multiplex ligation-depen
dent probe amplification (MS-MLPA) 

The present study used the MS-MLPA probe set 
ME001 (MRC-Holland, Amsterdam, The Netherlands), 
which can simultaneously check for aberrant methyla-
tion in 24 tumour suppressor genes (Table 1). Probe se-
quences, gene loci and chromosome locations can be 
found at http://www.mlpa.com. Individual genes were 
evaluated by two probes which recognized different 
Hha1 restriction sites in their regions. The experimental 
procedure was carried out according to the manufactur-
er’s instructions, with minor modifications.
In short, DNA (100 ng) was dissolved up to 5 μl in 

TE-buffer (10 mM Tris·Cl; 0.5 mM EDTA; pH 9.0), de-
natured and subsequently cooled down to 25 °C. After 
adding the probe mix, the probes were allowed to hy-
bridize (overnight at 60 °C). Subsequently, the samples 
were divided into two groups: in one half, the samples 
were directly ligated, while for the other half, ligation 
was combined with the HhaI digestion enzyme. This di-
gestion resulted in ligation of the methylated sequences 
only. PCR was performed with all the samples using a 

standard thermal cycler (GeneAmp 9700, Applied Bio
systems, Foster City, CA), with 35 cycles of denatur-
ation at 95 °C for 30 s, annealing at 60 °C for 30 s and 
extension at 72 °C for 1 min, with a final extension of 
20 min at 72 °C. Aliquots of 0.6 μl of the PCR reaction 
were combined with 0.2 μl LIZ-labelled internal size 
standard (Applied Biosystems) and 9.0 μl deionized form
amide. After denaturation, fragments were separated 
and quantified by electrophoresis in an ABI 3130 ca
pillary sequencer and analysed using GeneMapper4.0 
(both Applied Biosystems). Peak identification and val-
ues corresponding to peak size in base pairs (bp), and 
peak areas were used for further data processing. The 
methylation dosage ratio was obtained by the following 
calculation: Dm = (Px/Pctrl)Dig/ (Px/Pctrl)Undig, where 
Dm is the methylation dosage ratio, Px is the peak area 
of a given probe, Pctrl is the sum of the peak areas of all 
control probes, Dig stands for HhaI-digested sample 
and Undig for undigested sample. Dm can vary between 
0 and 1.0 (corresponding to 0–100 % of methylated 
DNA). Based on previous experiments, a promoter was 
considered to be methylated if the dosage ratio was 

Table 1. Genes included in the MS-MLPA KIT ME001 tumour suppressor

Gene Name Probes Chromosomal 
location

TIMP3 TIMP metallopeptidase inhibitor 3 02255-L03752 22q12.3
APC Adenomatous polyposis coli 01905-L01968 5q22.2
CDKN2A Cyclin-dependent kinase inhibitor 2A 01524-L01744 9p21.3
MLH1a MutL homologue 1a 01686-L01266 3p22.2
ATM Ataxia telangiectasia mutated 04044-L03849 11q22.3
RARB Retinoic acid receptor, β 04040-L01698 3p24.2
CDKN2B Cyclin-dependent kinase inhibitor 2B 00607-L00591 9p21.3
HIC1 Hypermethylated in cancer 1 03804-L00949 17p13.3
CHFR Checkpoint with forkhead and ring finger domains, E3 ubiquitin protein ligase 03813-L03753 12q24.33
BRCA1 Breast cancer 1 05162-L04543 17q21.31
CASP8 Caspase 8, apoptosis-related cysteine peptidase 02761-L02210 2q33.1
CDKN1B Cyclin-dependent kinase inhibitor 1B 07949-L07730 12p13.1
KLLN Killin, p53-regulated DNA replication inhibitor 02203-L08261 10q23.3
BRCA2 Breast cancer 2 04042-L03755 13q12.3
CD44 CD44 molecule (Indian blood group) 03817-L01731 11p13
RASSF1a Ras association (RalGDS/AF-6) domain family member 1 02248-L01734 3p21.31
DAPK1 Death-associated protein kinase 1 01677-L01257 9q21.33
VHL Von Hippel-Lindau tumour suppressor 03810-L01211 3p25.3
ESR1 Oestrogen receptor 1 02202-L01700 6q25.1
RASSF1b Ras association (RalGDS/AF-6) domain family member 1 03807-L02159 3p21.31
TP73 Tumour protein p73 04050-L01263 1p36.32
FHIT Fragile histidine triad 02201-L01699 3p14.2
IGSF4 Cell adhesion molecule 1 03819-L03848 11q23.3
CDH13 Cadherin 13, H-cadherin 07946-L07727 16q23.3
GSTP1 Glutathione S-transferase pi 1 01638-L01176 11q13.2
MLH1b MutL homologue 1b 02260-L01747 3p22.2
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≥ 0.20, which corresponds to 20 % of methylated DNA 
(Pavicic et al., 2011; Chmelařová et al., 2013).

CpG universal methylated and unmethylated DNA 
(Zymoresearch, Irvine, CA) were used in every run as 
controls.

Statistical analysis
Basic descriptive statistics were adopted for the anal-

ysis: median, mean, and 95% confidence interval for 
continuous data, and absolute and relative frequencies 
for categorical data. The relationship between gene 
methylation and other independent factors was analysed 
using the χ2 test, Fisher’s exact test, or logistic regres-
sion analysis. Kaplan-Meier and log-rank tests were 
used for survival analysis; Cox regression analysis was 
used to determine the influence of gene methylation 
upon survival. We considered P < 0.05 to be statistically 
significant. All statistical analyses were performed us-
ing the NCSS 8 statistical software program (NCSS, 
Keysville, UT).

Results

Promoter methylation using a 20% cut-off

In the present study we used the MS-MLPA probe set 
ME001 (MRC-Holland) to analyse samples from 64 pa-
tients with sinonasal carcinoma and 19 control samples. 
Using a 20% cut-off for methylation we observed statis-
tically significantly higher methylation in the RASSF1 
(P = 0.01), ESR 1 (P = 0.03), TP73 (P = 0.01) and 
CDH13 (P < 0.001) genes of patients with sinonasal car-
cinoma compared with the control group. For the ATM, 
CDKN1B and GSTP1 genes, the methylation rate did 
not exceed the 20% threshold; the other genes also 
showed relevant differences in methylation between 

samples with sinonasal carcinoma and control samples 
(Fig.1).

Correlation with clinicopathological features
Clinicopathological data are listed below and summa-

rized in Table 2. Due to a few missing clinical data, 
sums in the entire study sample or partial sums do not 
always add up to the total number of patients.

The median age of patients at the time of diagnosis 
was 62.5 years (range 23–83 years) in the carcinoma 
group and 56.5 years (range 24–74 years) in the control 
group. The carcinoma group consisted of 43 males and 
21 females and the control group of 10 males and 9 fe-
males. 

Of those in the carcinoma group with a known histo-
ry, 26 patients were non-smokers, 11 ex-smokers, and 
17 were current smokers. In only 7/54 (13 %) patients, 
occupational exposure to wood dust or other air pollut-
ants/irritants was recorded (2× joiner, 1× wood industry 
worker, 1× miller, 1× locksmith, 2× rubber industry 
worker).

Concerning the entire study sample, most of the tu-
mours arose in the nasal cavity, but SCCs were slightly 
more common in the maxillary sinus. The majority of 
the patients were diagnosed with advanced tumours and 
four patients had lung metastases (cM1) at the time of 
diagnosis.

The treatment modalities included radical surgery with 
radiotherapy (22×), radical surgery with chemo-radio-
therapy (16×), radical surgery only (12×), radiotherapy 
only (5×), and chemo-radiotherapy (5×).
Microscopic typing of the tumours resulted in 44 

SCCs, 13 adenocarcinomas, three neuroendocrine tu-
mours, three SNUCs, and one case of LEC. Vascular 
invasion was found in 9/64 (14.1 %) tumours and peri-
neural spread in 5/64 (7.8 %). 

DNA Methylation in Sinonasal Cancer

Fig. 1. Methylation of specific genes in cancer samples and control samples
Comparison of methylation frequencies (cut-off value 20 %) of the 24 analysed genes in cancer and control samples. 
*Two CpG loci (a and b) were analysed.
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Table 2. Clinicopathological data of patients and presence of methylation
Clinical and Pathological Characteristics Methylation of selected genes
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1 M 23 NS NR cT1 cN0 cM0 ACC n/a PN S L,D neg.
2 F 70 NS NR cTX cN0 cM0 SCC G2 no S,R,C L neg. M M
3 M 68 NS risk cT1 cN0 cM0 ITAC G3 no S,R L neg. M M M M
4 M 57 S risk cTX cN0 cM0 SCNEC G1 no S,R L,Re neg. M M M
5 F 74 NS NR cT4a cN0 cM0 SCC G2 no R n/a neg. M M M
6 M 78 NS NR cT1 cN0 cM0 SCC G2 no S L neg. M M M
7 M 57 S NR cT1 cN0 cM0 NITAC LG no S,R no neg. M
8 M 83 (S) risk cT2 cN0 cM0 ITAC G1 no S,R no neg. M M M
9 M 49 S NR cT4a cN0 cM0 SCC G1 no S,R,C L neg.

10 F 36 NS NR cT4a cN0 cM0 ACC n/a no S,R,C L neg. M M M M M
11 F 32 NS NR cT2 cN0 cM0 NITAC LG no S,R L neg.
12 F 81 NS NR cT1 cN0 cM0 SCC G2 no S,R L neg. M M M
13 M 64 NS NR cT3 cN0 cM0 SCC G2 no R,C L neg. M
14 M 65 NS NR cT3 cN0 cM0 ITAC G2 no S,R,C D neg. M M
15 M 30 NS NR cT4a cN0 cM0 SCC G2 V S,R L neg. M M M M
16 M 51 S NR cT4b cN0 cM0 SCC G2 no S,R no neg. M M M M
17 M 53 NS NR cT3 cN2c cM0 SCC G2 no S,R no neg.
18 M 74 S n/a cT4a cN2b cM0 SCC G2 no R,C L,Re,D neg. M
19 M 76 NS NR cT4a cN0 cM0 SCC G2 no S,R L neg.
20 F 76 NS NR cT4a cN0 cM0 SCC G2 no S,R L neg. M M M
21 F 54 NS NR cT4a cN0 cM0 SCC G2 no S,R L pos. M M
22 M 76 (S) NR cT2 cN0 cM0 SCC G2 no S,R no pos. M M M
23 M 27 NS NR cT4a cN0 cM0 SCC G3 no S,R,C L pos. M M M
24 M 60 S risk cT4b cN2b cM0 SCC G2 no S,R no neg. M
25 F 58 NS NR cT2 cN0 cM0 SCC G2 no S,R,C Re neg.
26 F 56 NS NR cT4a cN0 cM0 SCC G2 no R no neg. M M
27 M 65 (S) NR cT2 cN0 cM0 SCC G3 V S,R,C D pos. M M M
28 F 63 NS NR cT4a cN0 cM0 SCC G2 no S L,Re neg.
29 F 82 (S) NR cT4a cN2b cM0 SCC G1 no S,R no neg. M
30 M 82 (S) NR cT4b cN2c cM0 SCC G3 no R no neg. M M M M
31 M 55 NS NR cT4a cN2b cM0 SCNEC n/a V S,R,C L,Re,D pos. M M
32 F 72 S NR cT4b cN0 cM0 SCC G1 no S,R no neg. M
33 M 71 (S) NR cT4b cN0 cM0 SCC G2 no R,C no pos. M
34 M 56 NS NR cT1 cN0 cM0 SCC G1 no S no pos.
35 F 71 NS risk cT1 cN0 cM0 SCC G1 no S no neg.
36 F 60 (S) NR cT3 cN0 cM0 ACC n/a V,PN S no neg.
37 F 38 (S) NR cT4b cN2c cM0 SCNEC G3 no R,C L neg. M M M
38 F 56 S NR cT4b cN0 cM0 SCC G3 no R no pos. M
39 M 68 NS risk cT1 cN0 cM0 ITAC G2 no S,R,C L neg. M M M M
40 F 70 S NR cTX cN0 cM0 SCC G2 no S,R no neg. M
41 M 31 n/a n/a cTX cN0 cM0 ACC n/a no S n/a neg. M M M M M
42 M 57 S NR cTX cN0 cM0 SCC G3 no S no pos. M M M M M
43 M 55 S NR cTX cN0 cM0 ACC n/a V,PN S,R no neg. M M M
44 M 51 (S) NR cTX cN0 cM0 SNUC n/a no R no neg. M M M M M M M
45 F 46 n/a n/a cTX cN0 cM0 NITAC LG no n/a n/a neg. M
46 M 65 NS NR cTX cN0 cM0 SCC G2 no S no neg. M M M
47 M 64 n/a n/a cTX cN0 cM0 SCC G2 no S n/a pos. M M M M M M M
48 M 65 (S) NR cT2 cN1 cM0 SCC G3 V S,R no pos. M M M
49 M 62 n/a n/a cT4a cN0 cM0 SCC G2 no S n/a neg. M M M M M M M M
50 F 66 n/a n/a cTX cN0 cM0 SNUC n/a V n/a n/a neg. M M M M M M M M M M M M M
51 M 75 n/a n/a cTX cN0 cM0 SCC G2 no R,C n/a pos. M
52 M 67 n/a n/a cTX cN0 cM0 SCC G2 no n/a L neg. M M M
53 F 61 NS NR cTX cN0 cM0 ACC n/a PN S,R,C L neg.
54 M 65 n/a n/a cTX cNX cMX SCC G2 no n/a n/a neg. M M M M M M M
55 M 46 S NR cT4a cN0 cM1 SCC G2 no S,R,C no neg.
56 M 55 n/a NR cT2 cN0 cM0 SCC G3 no S,R no neg. M
57 M 71 S NR cT3 cN2b cM0 SCC G3 no S,R,C no neg.
58 F 81 NS NR cT3 cN0 cM0 SCC G2 no S,R no neg. M M M M
59 M 46 S risk cT3 cN0 cM0 SCC n/a V,PN S,R,C no neg. M M
60 M 60 n/a n/a cTX cN0 cM1 SCC n/a no S,R,C D pos. M M M M M M
61 M 68 (S) NR cT4a cN3 cM1 SNUC n/a V S no neg. M M M M M M M M M M
62 M 68 S NR cT4a cN0 cM0 SCC G3 no S,R no pos. M
63 M 49 S NR cT4a cN1 cM0 SCC G3 no S,R,C no pos. M M
64 M 62 S NR cT3 cN1 cM1 LEC n/a no S,R,C D neg. M M M

From left to right: M – male, F – female; S – smoker, NS – non-smoker, (S) – former smoker; NR – non-risk; ACC – adenoid cystic carcinoma,	 ITAC – intestinal adenocarcinoma, NITAC – non-intestinal adenocarcinoma, V – vascular, PN – perineural; S – radical surgery, R – radio-
therapy, C – chemotherapy; L – local, Re – regional, D – distant; neg. – negative, pos. – positive; M – methylation; n/a – data not available

M. Chmelařová et al.
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Table 2. Clinicopathological data of patients and presence of methylation
Clinical and Pathological Characteristics Methylation of selected genes
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7 M 57 S NR cT1 cN0 cM0 NITAC LG no S,R no neg. M
8 M 83 (S) risk cT2 cN0 cM0 ITAC G1 no S,R no neg. M M M
9 M 49 S NR cT4a cN0 cM0 SCC G1 no S,R,C L neg.

10 F 36 NS NR cT4a cN0 cM0 ACC n/a no S,R,C L neg. M M M M M
11 F 32 NS NR cT2 cN0 cM0 NITAC LG no S,R L neg.
12 F 81 NS NR cT1 cN0 cM0 SCC G2 no S,R L neg. M M M
13 M 64 NS NR cT3 cN0 cM0 SCC G2 no R,C L neg. M
14 M 65 NS NR cT3 cN0 cM0 ITAC G2 no S,R,C D neg. M M
15 M 30 NS NR cT4a cN0 cM0 SCC G2 V S,R L neg. M M M M
16 M 51 S NR cT4b cN0 cM0 SCC G2 no S,R no neg. M M M M
17 M 53 NS NR cT3 cN2c cM0 SCC G2 no S,R no neg.
18 M 74 S n/a cT4a cN2b cM0 SCC G2 no R,C L,Re,D neg. M
19 M 76 NS NR cT4a cN0 cM0 SCC G2 no S,R L neg.
20 F 76 NS NR cT4a cN0 cM0 SCC G2 no S,R L neg. M M M
21 F 54 NS NR cT4a cN0 cM0 SCC G2 no S,R L pos. M M
22 M 76 (S) NR cT2 cN0 cM0 SCC G2 no S,R no pos. M M M
23 M 27 NS NR cT4a cN0 cM0 SCC G3 no S,R,C L pos. M M M
24 M 60 S risk cT4b cN2b cM0 SCC G2 no S,R no neg. M
25 F 58 NS NR cT2 cN0 cM0 SCC G2 no S,R,C Re neg.
26 F 56 NS NR cT4a cN0 cM0 SCC G2 no R no neg. M M
27 M 65 (S) NR cT2 cN0 cM0 SCC G3 V S,R,C D pos. M M M
28 F 63 NS NR cT4a cN0 cM0 SCC G2 no S L,Re neg.
29 F 82 (S) NR cT4a cN2b cM0 SCC G1 no S,R no neg. M
30 M 82 (S) NR cT4b cN2c cM0 SCC G3 no R no neg. M M M M
31 M 55 NS NR cT4a cN2b cM0 SCNEC n/a V S,R,C L,Re,D pos. M M
32 F 72 S NR cT4b cN0 cM0 SCC G1 no S,R no neg. M
33 M 71 (S) NR cT4b cN0 cM0 SCC G2 no R,C no pos. M
34 M 56 NS NR cT1 cN0 cM0 SCC G1 no S no pos.
35 F 71 NS risk cT1 cN0 cM0 SCC G1 no S no neg.
36 F 60 (S) NR cT3 cN0 cM0 ACC n/a V,PN S no neg.
37 F 38 (S) NR cT4b cN2c cM0 SCNEC G3 no R,C L neg. M M M
38 F 56 S NR cT4b cN0 cM0 SCC G3 no R no pos. M
39 M 68 NS risk cT1 cN0 cM0 ITAC G2 no S,R,C L neg. M M M M
40 F 70 S NR cTX cN0 cM0 SCC G2 no S,R no neg. M
41 M 31 n/a n/a cTX cN0 cM0 ACC n/a no S n/a neg. M M M M M
42 M 57 S NR cTX cN0 cM0 SCC G3 no S no pos. M M M M M
43 M 55 S NR cTX cN0 cM0 ACC n/a V,PN S,R no neg. M M M
44 M 51 (S) NR cTX cN0 cM0 SNUC n/a no R no neg. M M M M M M M
45 F 46 n/a n/a cTX cN0 cM0 NITAC LG no n/a n/a neg. M
46 M 65 NS NR cTX cN0 cM0 SCC G2 no S no neg. M M M
47 M 64 n/a n/a cTX cN0 cM0 SCC G2 no S n/a pos. M M M M M M M
48 M 65 (S) NR cT2 cN1 cM0 SCC G3 V S,R no pos. M M M
49 M 62 n/a n/a cT4a cN0 cM0 SCC G2 no S n/a neg. M M M M M M M M
50 F 66 n/a n/a cTX cN0 cM0 SNUC n/a V n/a n/a neg. M M M M M M M M M M M M M
51 M 75 n/a n/a cTX cN0 cM0 SCC G2 no R,C n/a pos. M
52 M 67 n/a n/a cTX cN0 cM0 SCC G2 no n/a L neg. M M M
53 F 61 NS NR cTX cN0 cM0 ACC n/a PN S,R,C L neg.
54 M 65 n/a n/a cTX cNX cMX SCC G2 no n/a n/a neg. M M M M M M M
55 M 46 S NR cT4a cN0 cM1 SCC G2 no S,R,C no neg.
56 M 55 n/a NR cT2 cN0 cM0 SCC G3 no S,R no neg. M
57 M 71 S NR cT3 cN2b cM0 SCC G3 no S,R,C no neg.
58 F 81 NS NR cT3 cN0 cM0 SCC G2 no S,R no neg. M M M M
59 M 46 S risk cT3 cN0 cM0 SCC n/a V,PN S,R,C no neg. M M
60 M 60 n/a n/a cTX cN0 cM1 SCC n/a no S,R,C D pos. M M M M M M
61 M 68 (S) NR cT4a cN3 cM1 SNUC n/a V S no neg. M M M M M M M M M M
62 M 68 S NR cT4a cN0 cM0 SCC G3 no S,R no pos. M
63 M 49 S NR cT4a cN1 cM0 SCC G3 no S,R,C no pos. M M
64 M 62 S NR cT3 cN1 cM1 LEC n/a no S,R,C D neg. M M M

From left to right: M – male, F – female; S – smoker, NS – non-smoker, (S) – former smoker; NR – non-risk; ACC – adenoid cystic carcinoma,	 ITAC – intestinal adenocarcinoma, NITAC – non-intestinal adenocarcinoma, V – vascular, PN – perineural; S – radical surgery, R – radio-
therapy, C – chemotherapy; L – local, Re – regional, D – distant; neg. – negative, pos. – positive; M – methylation; n/a – data not available
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The follow-up period ranged from one to 241 months 
(median 18 months). Local recurrence was found in 
22/56 (39.3 %) tumours, 5/56 (8.9 %) recurred region-
ally, and 7/56 (12.5 %) patients developed distant me-
tastases in the lungs. During the follow-up period, 31/59 
(52.5 %) patients died, of whom 15/56 (26.8 %) due to 
the tumour.
HPV positivity was found in 15/64 (23.4 %) of all 

samples in the carcinoma group and in no sample in the 
control group.

The methylation results from the carcinoma speci-
mens were compared with clinicopathological charac-
teristics mentioned above (see Tables 2, 3). The TIMP3 

gene showed significantly higher methylation in patients 
with angioinvasion (P = 0.01). In SCC, methylation of 
TIMP3 was associated with the age of the patients, be-
ing present mainly in younger patients (P = 0.01). The 
CASP8 gene showed significantly higher methylation in 
patients with local recurrence (P = 0.05) and also in pa-
tients with regional recurrence (P = 0.01). The CDH13 
gene showed significantly lower methylation in patients 
with perineural invasion (P = 0.02). The presence of 
methylation of the CDH13 gene was also associated 
with lower survival (Fig. 2). No correlation was found 
between DNA methylation and tumour type, stage, his-
tological grade, smoking history or HPV status.

Table 3. Clinicopathological characteristics vs. methylation of selected genes

Clinicopathological characteristic Quantity %
% of methylated samples

RASSF1a ESR1 RASSF1b TP73 CDH13 TIMP3 CASP8

Gender (N = 64)
female 21 32.8 38.1 14.3 33.3 14.3 38.1 4.8 14.3
male 43 67.2 25.6 23.3 27.9 34.9 58.1 16.3 9.3

Age (N = 64)
≤ 45 7 10.9 42.9 14.3 57.1 42.9 28.6 14.3 14.3
> 45 57 89.1 28.1 21.1 26.3 26.3 54.4 12.3 10.5

Smoking status 
(N = 54)*

non-smoker 26 48.1 30.8 23.1 26.9 23.1 42.3 7.7 7.7
smoker 17 31.5 23.5 5.9 23.5 11.8 41.2 17.6 5.9
former smoker 11 20.4 45.5 27.3 45.5 27.3 54.5 18.2 18.2

Occupation (N = 54)*
no risk 47 87.0 31.9 14.9 29.8 19.1 42.6 14.9 8.5
risk 7 13.0 28.6 42.9 28.6 28.6 57.1 0.0 14.3

TN
M
 c
la
si
ffi
ca
tio
n 

cT (N = 48)*

cT1 8 16.7 12.5 37.5 12.5 25.0 50.0 0.0 12.5
cT2 7 14.6 42.9 14.3 28.6 28.6 71.4 0.0 0.0
cT3 8 16.7 25.0 12.5 37.5 12.5 25.0 12.5 0.0
cT4 25 52.1 24.0 16.0 24.0 20.0 40.0 16.0 12.0

cN (N = 63)*

cN0 51 81.0 33.3 23.5 29.4 31.4 52.9 11.8 9.8
cN1 3 4.8 33.3 0.0 66.7 0.0 33.3 33.3 0.0
cN2 8 12.7 12.5 0.0 25.0 0.0 37.5 0.0 25.0
cN3 1 1.6 0.0 100.0 0.0 100.0 100.0 100.0 0.0

cM (N = 63)*
cM0 59 93.7 32.2 20.3 30.5 25.4 50.8 11.9 11.9
cM1 4 6.3 0.0 25.0 25.0 50.0 50.0 25.0 0.0

Typing (N = 64)

SCC 44 68.8 29.5 15.9 25.0 27.3 47.7 6.8 4.5
AC 13 20.3 15.4 23.1 23.1 30.8 61.5 15.4 0.0
SNUC 3 4.7 66.7 100.0 66.7 66.7 100.0 100.0 66.7
SCNEC 3 4.7 66.7 0.0 66.7 0.0 33.3 0.0 100.0
LEC 1 1.6 0.0 0.0 100.0 0.0 0.0 0.0 0.0

Grading (N = 51)*
G1 10 19.6 10.0 10.0 10.0 10.0 30.0 0.0 10.0
G2 29 56.9 31.0 24.1 24.1 31.0 58.6 10.3 6.9
G3 12 23.5 33.3 16.7 33.3 25.0 50.0 8.3 8.3

Invasion (N = 64)
vascular 9 14.1 55.6 33.3 44.4 44.4 55.6 44.4** 22.2
perineural 5 7.8 40.0 0.0 40.0 0.0 0.0** 20.0 0.0
no 53 82.8 26.4 18.9 28.3 26.4 52.8 7.5 9.4

HPV status (N = 64)
positive 15 23.4 40.0 13.3 33.3 26.7 60.0 6.7 6.7
negative 49 76.6 26.5 22.4 28.6 28.6 49.0 14.3 12.2

Recurrence (N = 56)*

local 22 39.3 31.8 18.2 27.3 22.7 45.5 4.5 18.2**
regional 5 8.9 20.0 0.0 20.0 0.0 40.0 0.0 40.0**
distant 7 12.5 14.3 0.0 14.3 28.6 71.4 14.3 14.3
no 29 51.8 27.6 20.7 27.6 20.7 44.8 17.2 3.4

AC – adenocarcinoma
*Due to a few missing clinical data, partial sums do not always add up to the total number of patients. **P < 0.05

M. Chmelařová et al.



Vol. 62	 117

Discussion

Similarly to other cancers, malignant tumours of the 
sinonasal area have been shown to be a complex disease 
driven by different factors. Genetic aberrances such as 
variations in gene expression and mutation in cancer-
related genes have been identified, but these do not fully 
explain carcinogenesis in the sinonasal area. Epigenetic 
changes are now being examined. In particular, aberrant 
DNA methylation is thought to play an important role in 
head and neck cancer. To date, numerous genes have 
been found to undergo hypermethylation. These meth-
ylation patterns persist and usually increase during the 
disease progression, which makes them a suitable tool 
to obtain early detection (Yang et al., 2015) predictive or 
prognostic information (Demokan and Dalay, 2011). 
The genes that are susceptible are the genes involved in 
cell cycle regulation, genes associated with DNA repair, 
apoptosis, drug resistance, detoxification, angiogenesis 
and metastasis (Das and Singal, 2004). The purpose of 
this study was to investigate promoter methylation of a 
set of common tumour suppressor genes in 64 tissue 
samples of sinonasal carcinoma and 19 control samples 
using MS-MLPA.

The ATM, CDKN1B and GSTP1 genes never showed 
methylation above the 20% threshold, suggesting that 
promoter methylation of selected CpG loci of these tu-
mour suppressors may not play an important role in car-

cinogenesis of the sinonasal area. On the other hand, 
TIMP3, APC, CDKN2A, MLH1a, RARB, CDKN2B, 
HIC1, CHFR, BRCA1, CASP8, KLLN, BRCA2, CD44, 
RASSF1a, DAPK1, VHL, ESR1, RASSF1b, TP73, FHIT, 
CADM1, CDH13 and MLH1b did show promoter meth-
ylation to a varying extent above the 20% threshold. 
Methylation of some of these genes (particularly TIMP3, 
CASP8 and CDH13) correlated with clinicopathological 
features such as age, perineural invasion, angiogenesis, 
regional and local recurrence, and survival, indicating 
that they could be used as prognostic markers in the fu-
ture. 

Methylation of TIMP3 and CDKN2A was detected in 
both control and cancer samples. TIMP3 methylation 
was present in more than 20 % of control samples. The 
presence of methylation can be associated with the na-
ture of control samples. All control samples were ob-
tained from patients with inflammation in sinonasal 
area. These findings correlate with the findings of Wang 
et al. (2014), who reported methylation of TIMP3, 
GSTP1 and 14-3-3σ in patients with chronic inflamma-
tion and in cancer patients.

The RASSF1 gene encodes a protein similar to the 
RAS effector proteins. Loss or altered expression of this 
gene has been associated with the pathogenesis of a va-
riety of cancers, which suggests the tumour suppressor 
function of this gene (Donninger et al., 2007). The inac-
tivation of this gene was found to be correlated with the 

Fig. 2. Methylation of the CDH13 gene as clinical outcome for patients with sinonasal carcinoma
Kaplan-Meier curve survival analysis indicates that tumours with the methylated CDH13 gene showed poorer survival 
than those with the unmethylated CDH13 gene (P = 0.057).
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hypermethylation of its CpG-island promoter region 
(Hesson et al., 2007). The protein was also shown to 
inhibit accumulation of cyclin D1, and thus induce cell 
cycle arrest (Donninger et al., 2007). As in other malig-
nancies, we found significantly higher methylation of 
this gene (P = 0.01) in SNC, indicating that its methyla-
tion plays an important role in carcinogenesis of the 
sinonasal area as well. In oropharyngeal SCC, methyla-
tion of the RASSF1 gene correlated with the HPV status 
(Dong et al., 2003). In our study we did not find any 
correlation between the HPV status and methylation of 
this gene, nor with any another genes. Our study does 
not confirm the hypothesis that HPV-positive tumours 
have stronger association with promoter methylation 
compared with HPV-negative tumours, at least in the 
case of sinonasal carcinoma.

The ESR1 gene encodes the oestrogen receptor α, a 
ligand-activated transcription factor composed of sev-
eral domains important for hormone binding, DNA 
binding, and activation of transcription. Oestrogen and 
its receptors are essential for sexual development and 
reproductive function, but are also involved in patho-
logical processes including breast (Segal and Dowsett, 
2014) and endometrial (Rahman et al., 2013) cancer. 
ESR1 was previously shown to be widely methylated in 
breast cancer and hepatocellular carcinoma, and there 
was a statistically significant association with lower ex-
pression of oestrogen receptor α (ERα) (Geudet et al., 
2009; Dai et al., 2014). In our study we also found sta-
tistically significantly higher methylation of the ESR1 
gene (P = 0.03) in patients with sinonasal carcinoma 
compared with the control group, indicating its impor-
tance in carcinogenesis of the sinonasal area.

The TP73 gene encodes a member of the p53 family 
of transcription factors involved in cellular responses to 
stress and development (Levrero et al., 2000). This gene 
is hypermethylated in several types of head cancer, in-
cluding oral SCC (Khor et al., 2014), oropharyngeal 
SCC (Noorlag et al., 2014) and nasopharyngeal carci-
noma (Wong et al., 2003). Our study showed hyper-
methylation of the TP73 gene also in sinonasal carcino-
ma. This finding confirms the important role of TP73 
methylation in carcinogenesis of head tumours.

The CDH13 gene (H-cadherin) encodes a member of 
the cadherin superfamily. The protein acts as a negative 
regulator of axon growth during neural differentiation 
and also protects vascular endothelial cells from apopto-
sis due to oxidative stress, and is associated with resist-
ance to atherosclerosis. The gene is hypermethylated in 
several types of head and neck cancers, including naso-
pharyngeal carcinoma (Sun et al., 2007) and oesopha-
geal adenocarcinoma (Jin et al., 2008). In our study we 
found significantly higher methylation in the CDH13 
gene in sinonasal carcinoma compared to healthy con-
trols (P < 0.001). This finding indicates that CDH13 
methylation is an important event in carcinogenesis of 
the sinonasal area as well. Methylation of this gene was 
correlated with poor patient survival, and hence it could 
potentially be used as a prognostic marker in the future.

In conclusion, our study showed that there are signifi-
cant differences in promoter methylation in RASSF1, 
ESR 1, TP73 and CDH13 genes between sinonasal car-
cinoma and normal sinonasal tissue, suggesting the im-
portance of epigenetic changes in these genes in car-
cinogenesis of the sinonasal area. These findings could 
be used as prognostic factors and may have implications 
for future individualised therapies based on epigenetic 
changes.
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