
Original Research

Gene Methylation Profiling in Sinonasal
Adenocarcinoma and Squamous Cell
Carcinoma

Otolaryngology–
Head and Neck Surgery
1–8

� American Academy of
Otolaryngology—Head and Neck
Surgery Foundation 2016
Reprints and permission:
sagepub.com/journalsPermissions.nav
DOI: 10.1177/0194599816654139
http://otojournal.org

Maria Costales, MD, PhD1, Alejandro López-Hernández, MSc1,
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Abstract

Objective. To identify epigenetic events in intestinal-type sino-
nasal adenocarcinoma (ITAC) and sinonasal squamous cell
carcinoma (SNSCC) and to evaluate their relation to clinico-
pathologic features and follow-up data.

Study Design. Retrospective study.

Setting. Academic research hospital.

Subjects and Methods. The methylation status of 23 genes in
50 ITACs and 32 SNSCCs was analyzed by methylation-
specific multiplex ligation-dependent probe amplification and
its relation to clinicopathologic features and follow-up data.

Results. Gene methylation was observed in 50% of all tumors.
Recurrent methylated genes in SNSCC were RASSF1 and
CDH13 (for both, 6 of 32 cases), CHFR (4 of 32 cases), and
TIMP3 (2 of 32 cases). None of these genes showed significant
correlation to clinicopathologic features or overall survival. In
ITAC, recurrent methylated genes were CDH13 (18 of 50
cases), ESR1 (13 of 50 cases), APC (7 of 50 cases), TIMP3 (5 of
50 cases), CASP8 (3 of 50 cases), and HIC1 and RASSF1 (for
both, 2 of 50 cases). Papillary and colonic ITAC subtypes carried
a mean of 1.26 gene methylations per tumor versus 0.63 in
solid and mucinous subtypes. Methylation of TIMP3 was associ-
ated with a significantly worse survival in ITAC patients.

Conclusion. ITAC carries a higher number and a different
profile of gene methylations as compared with SNSCC.
Gene methylation plays a greater role in papillary and colo-
nic ITAC subtypes, which may indicate a different tumori-
genic pathway for these ITAC subtypes. These findings could
be used as prognosticators and may have implications for
future individualized therapies based on epigenetic changes.
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A
wide variety of histologic types of tumors originate

in the sinonasal area. The most common are sinonasal

squamous cell carcinomas (SNSCCs) and intestinal-

type sinonasal adenocarcinomas (ITACs), which account for,

respectively, 50% to 80% and 10% to 20% of all nasal epithe-

lial tumors.1-3 The sinonasal area is close to sensitive struc-

tures, such the eyes and the brain, thereby complicating

surgical and postoperative radiotherapeutic procedures.

Sometimes, mutilation and aesthetic deformities are difficult to

avoid. Current treatment approaches include surgery, which

may be accompanied by radiotherapy and, in some patients,

chemotherapy.2-6 Despite improvements in the field of surgery

and radiotherapy, the prognosis is still poor, with a 5-year

overall survival of 30% to 50%.5,7-10 Therefore, new therapeu-

tic approaches are needed to improve these figures.

SNSCC and ITAC are etiologically related to wood and

leather dust and other occupational exposures2,3,11; however,

the tumorigenesis is still poorly understood. Apart from

aiming to find the genes involved in tumor development,

identifying ‘‘druggable’’ genetic alterations is becoming

increasingly important in aiding clinical management by

novel anticancer treatments.3 Gene mutations, chromosomal

translocations, gene copy number gains and losses, and epi-

genetic changes can activate or inactivate cellular signalling

pathways that can be specifically targeted by small molecule

inhibitors or monoclonal antibodies for cancer therapy.
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Epigenetic abnormalities in cancer consist of genome-wide

hypomethylation and local hypermethylation at specific genes.

Hypermethylation of CpG islands within the regulatory region

of tumor suppressor genes is one of the earliest and most fre-

quent alterations in cancer development, and it is associated

with transcriptional repression. In recent years a number of

epigenetic alterations have been described in head and neck

squamous cell carcinomas (HNSCCs), affecting genes such

as p16, p15, DAPK1, and RASSF1A, RARß2, MGMT and

E-cadherin.12-16

To our knowledge, no gene methylation studies have

been performed on sinonasal carcinomas. The aim of this

study was to analyze epigenetic events in 32 SNSCCs and

50 ITACs and to evaluate their relation to clinicopathologic

features and follow-up data.

Material and Methods
Samples

Between 1990 and 2009, 32 surgical tissue specimens from

patients who were diagnosed with SNSCC were collected at

the otolaryngology departments at Central University

Hospital of Asturias (Oviedo, Spain) and Gregorio Marañon

General University Hospital (Madrid, Spain), and 50 surgical

tissue specimens from patients who were diagnosed of ITAC

were collected at the Department of Otolaryngology at

Central University Hospital of Asturias. The patients in this

study met the following criteria of inclusion: (1) a complete

clinical history, (2) pathologic diagnosis of SNSCC or ITAC,

(3) a sample of tissue in optimal conditions for genetic analy-

sis, (4) no prior history of head and neck cancer, and (5) no

prior chemotherapy or radiotherapy. All 32 SNSCC samples

proceeded from paraffin-embedded tissue, and all 50 ITAC

samples were obtained from surgical resection specimens of

nonnecrotic tumor areas that were immediately stored in

liquid nitrogen after surgery. Written informed consent for

the collection, storage, and analysis of specimens was

obtained from all patients. The study received approval from

our institutional ethical committees (Comité de Ética de la

Investigación del Principado de Asturias and Comité Ética de

Investigación Clı́nica del Instituto de Investigación Sanitaria

del Hospital Gregorio Marañón).

Clinical Variables

Of 32 SNSCC patients, 23 were men (72%), and 9 were

women (28%). The mean patient age was 68 years (range,

49-91 years). Twenty-five tumors were localized in the

maxillary sinus (78%) and 7 in the ethmoid sinus (22%).

The series comprised 12 well- (38%), 8 moderately (24%),

and 12 poorly differentiated tumors (38%). According to the

TNM system for tumor classification,17 3 tumors were stage

II (6%); 9, stage III (28%); 14, stage IVa (44%); and 6,

stage IVb (19%). Twenty-four patients (75%) received

radiotherapy after radical surgery. The median follow-up

was 15 months (range, 1-168 months).

All 50 ITAC patients were men, and the tumor was localized

in the ethmoid sinus; 48 had profession-related exposure to

wood dust. The mean patient age was 66 years (range, 49-92

years). According to the World Health Organization histologic

classification,18 our series comprised 3 (6%) papillary, 28 (56%)

colonic, 5 (10%) solid, and 14 (28%) mucinous tumors. Sixteen

tumors (32%) were stage I; 5 (10%), stage II; 15 (30%), stage

III; 4 (8%), stage IVA; and 10 (20%), stage IVB. No patient

had lymph node or distant metastases at the time of diagnosis.

Thirty-seven patients (54%) received radiotherapy after radical

surgery. Follow-up information was available with a median of

39 months (range, 1-259 months). A summary of all clinical

data is given in Table 1.

DNA Extraction

Tumor purity was evaluated via a hematoxylin and eosin–

stained section of the sample and was accepted when tumor

cells were present at �70%, to minimize contamination by

normal cells. Tumor and normal control DNA was extracted

Table 1. Patient and Tumor Characteristics.

Patients, n (%)

SNSCC (n = 32) ITAC (n = 50)

Sex

Female 9 (28) 0 (0)

Male 23 (72) 50 (100)

Tumor site

Maxillary sinus 25 (78) 0 (0)

Ethmoid sinus 7 (22) 50 (100)

Disease stage

I 0 (0) 16 (32)

II 3 (9) 5 (10)

III 9 (28) 15 (30)

IVa 14 (44) 4 (8)

IVb 6 (19) 10 (20)

Histologic differentiation

Well differentiated 12 (38)

Moderately differentiated 8 (24)

Poorly differentiated 12 (38)

Histologic subtype

Papillary 3 (6)

Colonic 28 (56)

Solid 5 (10)

Mucinous 14 (28)

Recurrence

No 7 (22) 24 (48)

Yes 25 (78) 26 (52)

Metastasis

No 28 (88) 45 (90)

Yes 4 (12) 5 (10)

Patient status

Alive 5 (16) 20 (40)

Died of disease 22 (68) 22 (44)

Died of other causes 5 (16) 8 (16)

Abbreviation: ITAC, intestinal-type sinonasal adenocarcinoma; SNSCC, sino-

nasal squamous cell carcinoma.
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from 3 consecutive 50-mm sections of paraffin-embedded

tissue samples through Qiagen extraction kits (Qiagen

GmbH, Hilden, Germany) according to the manufacturer’s

recommendations. DNA from archival material can be partly

degraded and cross-linked; the extent of which depends on

the pH of the formaldehyde and the time of the fixation

before paraffin embedding. To obtain good quality DNA, we

applied an elaborate extraction protocol especially for paraf-

fin tissues, which includes incubation in sodium thiocyanate

to reduce crosslinks and prolonged digestion in proteinase K

lysis buffer.19 With this protocol, most samples yielded DNA

with A260/A280 values between 1.7 and 2.0 and lengths

between 2000 and 20,000 base pairs. Methylation-specific

multiplex ligation-dependent probe amplification (MS-

MLPA) on tumor DNA samples was analyzed with normal

DNA also obtained from paraffin blocks of normal tissue

(negative lymph nodes) as reference.

Methylation-Specific Multiplex Ligation-Dependent
Probe Amplification

MS-MLPA was performed as described previously in detail,14

with the SALSA MS-MLPA ME001-C1 Tumor Suppressor-1

Kit (MRC-Holland, Amsterdam, The Netherlands). This kit con-

tains 26 MS-MLPA probes to analyze the methylation status of

the promoter region of 24 tumor suppressor genes. In addition,

15 reference probes are included, which are not methylation

sensitive.20 The probe for CDKN2B was found to be sensitive

to improper Hha1 digestion in DNA obtained from paraffin

embedded tissues and was therefore excluded from analysis

(Figure 1), leaving a total of 23 analyzed genes.

Figure 1. Examples of methylation-specific multiplex ligation-dependent probe amplification analysis in normal DNA (A), intestinal-type
sinonasal adenocarcinoma (B), and sinonasal squamous cell carcinoma (C). Arrows indicate methylation of CASP8 and RASSF1 (B) and CHFR
(C). CDKN2B (asterisks) was excluded from analysis.
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Statistical Analysis

Possible correlations between genetic and clinical parameters

were statistically analyzed by SPSS 12.0 software for

Windows (SPSS, Inc, Chicago, Illinois), based on the

Pearson chi-square test and Fisher’s exact test. Kaplan-Meier

analysis was performed for estimation of survival, comparing

distributions of survival through the Mantel-Cox log-rank

test. Values of P \ .05 were considered significant.

Results

Follow-up

During the course of follow-up of the 32 SNSCC patients, 25

developed local recurrences (78%), 4 of whom also developed

distant metastasis (12%). At the time of the current report, 5

patients remained disease-free (16%). The overall 5-year sur-

vival rate was 13%, and the 1- and 5-year disease-free survival

rates were 23% and 12%, respectively. The main causes of

death in our series were local recurrences and distant metasta-

sis. Five patients died during the postoperative period or

because of intercurrent causes. The overall survival of tumor

stages I, II, and III versus IVa and IVb is shown in Figure 2.

Of 50 ITAC patients, 26 patients (52%) developed local

recurrence and 5 patients, distant metastasis (4%). At the

time of writing, 20 (40%) patients remained disease-free.

The overall 5-year survival was 51%, and the 1- and 5-year

disease-free survival rates were 58% and 4%, respectively.

The main cause of death in our series was local recurrence

and intracranial invasion; however, 8 patients died during

the postoperative period or due to intercurrent causes.

Overall survival was significantly related to tumor stage

(log rank = 13.184, P = .001; Figure 2), while mucinous

and solid types showed a tendency toward worse survival as

compared with colonic and papillary types.

MS-MLPA Data and Correlation with Clinicopathologic
and Follow-up Data

Methylation in �1 genes was observed in 15 of 32 SNSCCs

(47%; mean, 0.63; range, 1-2 genes) and in 26 of 50 ITACs

(52%; mean, 1.02; range, 1-6 genes). Recurrent methylated

genes in SNSCC were RASSF1 and CDH13 (both 6 cases),

CHFR (4 cases), and TIMP3 (2 cases). In ITAC, these were

CDH13 (18 cases), ESR1 (13 cases), APC (7 cases), TIMP3

(5 cases), CASP8 (3 cases), and HIC1 and RASSF1 (both 2

cases). All results are presented in Table 2.

SNSCC cases with �1 methylated genes were not differ-

ent with regard to sex, localization, stage, differentiation, the

development of recurrence or metastasis, or overall survival,

as compared with cases with none of the 23 genes methy-

lated. Recurrent specific methylated genes did not correlate

to sex, age, localization, tumor stage, differentiation, or the

development of recurrence or metastasis or overall survival.

ITAC cases with �1 methylated genes were not different

with regard to stage, development of recurrence or metasta-

sis, or overall survival, when compared with cases with no

methylation. The papillary and colonic subtypes showed 18

of 31 (58%) cases with �1 gene methylation versus 8 of 19

(42%) for the solid and mucinous subtypes. In addition,

papillary and colonic subtypes carried a mean number of

1.26 gene methylations per tumor, while solid and mucinous

subtypes showed a mean number of 0.63. However, this dif-

ference did not reach statistical significance (P = .095).

Apart from the higher frequency of gene methylation, papil-

lary and colonic ITACs did not show a different profile of

methylated genes (Table 2). Five cases that harbored

methylation of TIMP3 had a significantly worse overall and

disease-free survival (Figure 3). In addition, 3 of 5 cases

that developed metastasis, as opposed to 2 of 45 cases that

did not, carried TIMP3 methylation (x2: P = .005), and 4 of

5 cases with TIMP3 methylation developed recurrence.

Other recurrent specific methylated genes did not correlate

to sex, age, localization, tumor stage, differentiation, or the

development of recurrence or metastasis or overall survival.

Discussion

There are several methods to study methylation at specific

gene promotors—from methylation-specific polymerase chain

Figure 2. Kaplan-Meier survival analysis: overall survival according
to disease stage of (A) 50 patients with intestinal-type sinonasal
adenocarcinoma and (B) 32 patients with sinonasal squamous cell
carcinoma.
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reaction after bisulfite treatment, analyzing 1 gene per assay,

to dedicated microarray chips, analyzing thousands of genes

simultaneously. We used MS-MLPA, a multiplex polymerase

chain reaction assay that uses the methylation sensibility of the

HhaI restriction enzyme to assess multiple genes in a single

experiment.20 This technique is especially suitable for DNA

obtained from paraffin-embedded tissues, as only short frag-

ments of DNA are required. In recent years, many studies

have compared MS-MLPA with other methods of DNA

methylation analysis, demonstrating a very good concordance

with these assays14; therefore, in this study we did not repeat

the methylation analysis by other techniques.

The relatively low number of cases in this study presents

statistical limitations that cannot be overcome, as sinonasal

cancer is a rare disease with an annual incidence of approxi-

mately 1 per 100,000 inhabitants. Nevertheless, knowledge

on the genetic changes involved in ITAC and SNSCC is

increasing,3,19,21-28 which is relevant with regard to clinical

decision making and possibilities for the application of

molecularly targeted cancer therapies.29-31 To our knowl-

edge, this report is the first to describe epigenetic changes

in sinonasal carcinomas. In addition, we obtained all clini-

cal, pathologic, and follow-up data, which appeared similar

to those described in clinical series published in the litera-

ture.1-3,7-10 Therefore, we believe that our results offer valid

and interesting observations.

While there was no difference in the proportion of cases

with �1 gene methylations—52% of ITAC and 47% of

SNSCC—we found that the 2 tumor types have different

epigenetic profiles: ITAC carried an average of 2.0 methyla-

tions affecting 11 genes, whereas SNSCC harbored 1.3

methylations affecting 6 genes. Our figures are lower than

those reported for HNSCC.12-16 Using the same method,

López et al14 observed promoter methylation in 68% of 53

laryngeal squamous cell carcinomas. Given the relatively

low number of the 2 tumor types analyzed, it is difficult to

match clinical features, such as patient age, tumor stage,

and etiology, with studies on HNSCC. Therefore, many fac-

tors may have influenced the observed differences.

However, it may be speculated that the difference could be

related to etiology. A majority (.90%) of HNSCC patients

are tobacco smokers,32 while in sinonasal cancer approxi-

mately 40% of cases are attributed to occupational exposure

to several industrial compounds.2,3,11 Among the ITAC,

papillary and colonic cases carried more gene methylations

than did the solid and mucinous tumors (58% vs 42%),

which may indicate that these subtypes develop through a

different process of tumorigenesis.

Recurrent methylated genes shared by ITAC and SNSCC

were RASSF1, CDH13, and TIMP3. Additionally, ITAC

showed recurrent methylation in ESR1, APC, HIC1, and

CASP8 and SNSCC, in CHFR. These genes may have clini-

cal relevance as diagnosis and treatment biomarkers in sino-

nasal carcinomas.

The RASSF1 gene encodes a protein similar to the RAS

effector proteins and plays a major role in the regulation of

mitosis. Loss or altered expression of this gene has been

associated with the pathogenesis of a variety of cancers,

which suggests the tumor suppressor function of this

gene.33RASSF1 methylation has been frequently reported in

lung cancers and, to a lesser extent, in breast, ovarian, and

HNSCC cancer.34,35 The frequency of 13% to 18% RASSF1

methylation in HNSCC is similar to that of SNSCC in this

study.35 In renal clear cell carcinoma, methylation of

Table 2. Frequencies of Gene Methylation in 32 SNSCCs and 50 ITACs.a

ITAC

SNSCC (n = 32) Total (n = 50) PAP-COL (n = 31) SOL-MUC (n = 19)

�1 gene methylation 15 (47) 26 (52) 18 (58) 8 (42)

CDH13 6 (19) 18 (36) 13 (42) 5 (26)

ESR1 13 (26) 10 (32) 3 (16)

APC 1 (3) 7 (14) 6 (19) 1 (5)

TIMP3 2 (6) 5 (10) 3 (10) 2 (11)

HIC1 2 (4) 1 (3) 1 (5)

CASP8 2 (4) 1 (3) 1 (5)

RASSF1 6 (19) 2 (4) 1 (3) 1 (5)

RARB 1 (2) 1 (3)

TP73 1 (2) 1 (3)

IGSF4 1 (2) 1 (3)

FHIT 1 (2) 1 (5)

CHFR 4 (13)

DAPK1 1 (3)

Abbreviations: ITAC, intestinal-type sinonasal adenocarcinoma; PAP-COL, papillary or colonic subtype; SNSCC, sinonasal squamous cell carcinoma; SOL-

MUC, solid and mucinous subtype.
aValues presented as n (%). The following genes were not represented among the samples: CDKN2A, MLH1, ATM, BRCA1, CDKN1B, PTEN, BRCA2, CD44, VHL,

GSTP1.
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RASSF1 correlated with worse prognosis.36 In our study, we

did not find any correlation between methylation of this

gene and clinicopathologic parameters.

The gene CDH13 (H-cadherin) encodes a member of the

cadherin superfamily. The protein acts as a negative regulator of

axon growth during neural differentiation and protects vascular

endothelial cells from apoptosis in oxidative stress–associated

atherosclerosis. Gene methylation has been found in nasophar-

yngeal carcinoma and esophageal adenocarcinoma.37,38 In non–

small cell lung cancer, CDH13 methylation was more frequent

in adenocarcinomas than in squamous carcinomas,39 analogous

to the difference between ITAC and SNSCC in this study.

CHFR is a gene involved as a mitotic checkpoint that

delays chromosome condensation in response to mitotic

stress. Its function is impaired by promotor hypermethyla-

tion in a significant proportion of human cancer cell lines,

and treatment with the methyltransferase inhibitor 5-aza-20-

deoxycytidine induced reexpression of CHFR.40 We found

aberrant methylation of CHFR in 13% of SNSCC cases,

similar to laryngeal squamous cell carcinoma.14 Cancer

cells that lack CHFR expression have shown to be more

susceptible to paclitaxel. Therefore, methylation of CHFR

could be clinically useful as predictor of sensitivity to par-

ticular chemotherapeutic agents.16

TIMP3 is a membrane-bound inhibitor of TNF-a-convert-

ing enzymes and induces programmed cell death through the

stable cell surface TNF-a receptor.41TIMP3 shows loss of

function aberrations in cancer, including mutations, deletions,

methylation, and chromosomal translocation.42 Prognostic

value for TIMP3 methylation has been reported in gastric,

colon, prostate, and hepatic cancer, with all being

adenocarcinomas.42TIMP3 methylation was also related to

worse survival and more frequent recurrences and metas-

tases in patients with adenocarcinoma (ITAC) in the pres-

ent study (Figure 1). Interestingly, gene copy number loss

of TIMP2 has been related to poor prognosis in ITAC as

well.43 These data suggest an important role of TIMP pro-

teins in the progression of ITAC and so warrant a more

detailed study.

Promoter hypermethylation of ESR1 and APC has been

described in adenocarcinoma of different localizations, and in

this study, they occurred almost exclusively in this type of

tumor (ITAC). ESR1 (estrogen receptor 1) is an important

tumor suppressor gene in breast adenocarcinoma.44

Methylation of ESR1 has been described in colorectal and eso-

phageal adenocarcinoma, including as early event in premalig-

nant Barrett’s lesions.45,46 Also APC inactivation, by either

mutation or methylation, occurs as an early genetic event in

tumorigenesis of colorectal cancer.47 Our data did not show

differences in ESR1 or APC methylation by ITAC tumor

stage; however, we observed more frequent methylation of

both genes in the less aggressive papillary and colonic ITAC

subtypes. In the case of APC, this finding is in agreement with

a previous observation that Wnt-Bcatenin pathway activation

is especially frequent in these 2 ITAC subtypes as compared

with solid and mucinous subtypes.22 Another interesting aspect

of ESR1 and APC methylation in colorectal cancer is their

association with chronic inflammation.46,48 Chronic inflamma-

tion has also been claimed to play a role in the development

of ITAC.3,49 It may be speculated that gene methylation is an

important genetic event in the tumorigenesis of chronic

inflammation-associated cancers, such as colorectal cancer

(ulcerative colitis), esophageal cancer (Barrett’s esophagus),

and perhaps also ITAC.

A number of studies on HNSCC have reported several

methylated genes in relation to poor survival, including

DCC, EDRNB, and HOXA950; DAPK1, RASSF1, CDKN2A,

and MINT3151; CCNA1, CASP8, and SYBL152; and TIMP3

and CDKN2B.14 However, there appear no common methy-

lated genes among these studies. With regard to overall

methylation frequencies, some reports claimed worse sur-

vival associated with higher methylation rates,14,50-52 while

others observed better survival53 or no relation.54 It may be

speculated that gene methylation often occurs early in

tumorigenesis; however, certain methylation events may

confer a more aggressive phenotype and thus be associated

with unfavorable clinical outcome.

In conclusion, promotor hypermethylation plays a role in

approximately 50% of sinonasal tumors. Moreover, ITAC

Figure 3. Kaplan-Meier survival analysis: (A) overall survival and
(B) disease-free survival of 50 patients with intestinal-type sinonasal
adenocarcinoma according to the presence of TIMP3 methylation.
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and SNSCC show differences in methylation frequency and

in the specific genes involved. CDH13, TIMP3, ESR1, and

APC are more important in ITAC, whereas RASSF1 and

CHFR are more frequent in SNSCC, confirming methyla-

tion patterns in adenocarcinomas and squamous cell carci-

nomas of other organs. TIMP3 methylation was associated

with worse survival in ITAC. It is difficult to understand

why other frequently methylated genes did not associate

with survival. It may be speculated that TIMP3 plays a role

in processes such as invasion and metastasis. This is sup-

ported by our finding that cases with recurrence and metas-

tasis carry more frequent TIMP3 methylations. The other

methylated genes may be more important in tumor

initiation—for example, for APC in colorectal cancer, this is

well known. These findings could be used as prognostica-

tors and may have implications for future individualized

therapies based on epigenetic changes.
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Hospital (Madrid, Spain), for his collaboration and Sira Potes Ares

for her technical support.

Author Contributions

Maria Costales, tissue and clinical data collection, DNA extrac-

tion, data analysis, writing; Alejandro López-Hernández, DNA
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