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ABSTRACT 

Background: The aim of this study was to evaluate the prognostic value of the promoter 

methylation status of galanin (GAL) and galanin receptor 1/2 (GALR1/2) by assessing their 

association with disease-free survival and known prognostic factors in head and neck cancer. 

Methods: We generated methylation profiles of GAL and GALR1/2 in tumor samples obtained from 

202 patients with head and neck squamous cell carcinoma (HNSCC); these included 43 

hypopharynx, 42 larynx, 59 oral cavity, and 58 oropharynx tumor samples. CpG island 

hypermethylation status of the 3 genes was analyzed using quantitative methylation-specific PCR 

(Q-MSP). In order to determine the prognostic value of the methylation status of these genes, the 

associations between methylation index and various clinical characteristics, especially tumor site, 

were assessed for tumors from patients with HNSCC. 
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Results: The methylation index was positively correlated with female gender (P = 0.008) and disease 

recurrence (P = 0.01) in oral cancer and human papillomavirus (HPV)-positive (P = 0.004) status and 

disease recurrence (P = 0.005) in oropharyngeal cancer. Among patients with oral and oropharyngeal 

cancer, promoter hypermethylation of GAL, GALR1, or GALR2 was statistically correlated with a 

decrease in disease-free survival (log-rank test, P = 0.036 and P = 0.042, respectively). Furthermore, 

methylation of GAL, GALR1, or GALR2 exhibited the highest association with poor survival (log-

rank test, P = 0.018) in patients with HPV-negative oropharyngeal cancers. 

Conclusions: As such, GAL and GALR1/2 methylation status may serve as an important site-specific 

biomarker for prediction of clinical outcome in patients with HNSCC. 

INTRODUCTION 

 

Head and neck squamous cell carcinomas (HNSCCs) constitute an anatomically 

heterogeneous group of solid tumors arising from the nasopharynx, oral cavity, oropharynx, 

hypopharynx, and larynx [1]. In addition, HNSCC is a highly heterogeneous disease that develops 

via one of two primary routes: chemical carcinogenesis through exposure to tobacco and alcohol or 

virally induced tumorigenesis [2,3]. Over the last few decades, there has been a decline in 

carcinomas of the hypopharynx and larynx [4]. In contrast to this trend, the incidence of oropharynx 

squamous cell carcinomas (OPSCCs) has increased over the last couple of decades [5]. Human 

papillomavirus (HPV)-associated OPSCCs represent distinct disease entities in terms of their 

epidemiology, biology, and clinical behavior relative to their tobacco-associated counterparts [6]. 

Therefore, molecular classification of HNSCCs is required to provide prognostic as well as 

mechanistic information to improve patient care. 

Aberrant promoter methylation, an important hallmark of cancer cells, is considered a 

major mechanism underlying the inactivation of tumor-related genes. Several studies have reported 
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that promoter methylation of tumor suppressor genes represents a common mechanism of 

transcriptional silencing in HNSCC [3]. Aberrant methylation in several tumor suppressor genes has 

been demonstrated to be involved in the development and progression of HNSCC and has been used 

as a biomarker to definitively predict disease outcome[7]. Numerous epigenetic events in 

carcinogenic pathways have been studied recently, resulting in the development of methods for 

detecting CpG island promoter methylation patterns to stratify high-risk groups among patients with 

HNSCC. Choudhury reported that promoter methylation of DAPK, p16, RASSF1, and MINT31 is 

significantly associated with HPV (+) tumors of HNSCC [8]. Promoter hypermethylation of DAPK 

and p16 is significantly associated with smoking status and may be used to predict the risk of 

incidence of HNSCC [9]. The degree of global hypomethylation in HNSCC is associated with 

smoking history, alcohol consumption, and tumor stage [10]. 

Our recent efforts to determine the methylation profiles of GAL and GALR1/2 were 

insufficient because of the small sample size studied and lack of discrimination between the sites of 

origin of primary tumors [11,12]. However, it is likely that the galanin system plays a dominant role 

in tumorigenesis in HNSCC. G protein-coupled receptors (GPCRs) modulate multiple intracellular 

signaling transduction pathways and elicit cytostatic and/ or cytotoxic effects, which include cell 

cycle arrest and apoptosis [13]. Furthermore, epigenetic repression of GPCR expression is related to 

prognosis and the response to radiotherapy/chemotherapy [14]. Although previous studies have 

revealed a correlation between high-methylation tumors and decreased survival, this finding requires 

external validation along with site-specific analysis. 

The aim of this study was to determine the methylation status of GAL, GALR1, and GALR2 

in HNSCC to evaluate their clinical significance as prognostic biomarkers for recurrence risk and 

survival. We attempted to determine whether HNSCC primary tumors originating from different 

anatomic sites (hypopharynx, larynx, oral cavity, and oropharynx) exhibited similar DNA 

methylation changes, or whether DNA methylation events were specific to the anatomic site. 
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RESULTS 

 

Analysis of methylation status of GAL and GALR1/2 genes 

Q-MSP was used to assess the aberrant promoter methylation status of GAL, GALR1, and 

GALR2 in tumors from the hypopharynx (n = 43), larynx (n = 42), oral cavity (n = 59), or 

oropharynx (n = 58). GAL was methylated in 5 (11.6%), GALR1 in 19 (44.2%), and GALR2 in 13 

(28.6%) of the 43 hypopharyngeal cancers examined. In laryngeal cancers, the frequency of 

hypermethylation was 23.8% for GAL, 59.5% for GALR1, and 40.5% for GALR2. The frequency of 

promoter methylation was detected to be 19.0% for GAL, 60.3% for GALR1, and 32.8% for GALR2 

in oropharyngeal cancers. Among 59 cases with oral cancers, the frequency of hypermethylation was 

20.3% for GAL, 40.7% for GALR1, and 45.8% for GALR2 (Fig. 1A). Analysis of the 43 

hypopharyngeal samples revealed that at least one of these three genes was methylated in 18 (65.1%) 

primary tumors (Fig. 1B). The frequency of methylation of at least one gene was increased in 

laryngeal cancers (66.7%) (Fig. 1C), oral cancers (59.3%) (Fig. 1D), and oropharyngeal cancers 

(70.7%) (Fig. 1E). Matched pairs of head and neck tumors and adjacent normal mucosal tissues were 

obtained from surgical specimens collected from 67 patients for initial methylation screening. We 

have added these data as Supplementary Table 2. 

 

Correlation between GAL and GALR1/2 methylation and clinicopathological assessment 

Characteristics and clinicopathologic features of patients, including age at diagnosis, sex, 

alcohol consumption, smoking habit, tumor staging, HPV status, and tumor recurrence, are 

summarized in Table 1. Methylation index (MI) was defined as the ratio between the number of 

methylated genes and the total number of tested genes in each sample. The mean differences in MI 

according to the age of onset, sex, alcohol consumption, smoking habit, tumor size, lymph node 
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status, clinical stage, HPV status, and recurrence are illustrated in Fig. 2. In particular, in 

hypopharyngeal cancers, MI was significantly higher in male (0.98 +/- 0.77) than in female (0.29 +/- 

0.49; P = 0.030) patients (Fig. 2A). There was no significant association between clinicopathologic 

characteristics in 35 laryngeal cancer patients (Fig. 2B). HPV-positive oropharyngeal cancers show 

an affinity for the oropharynx (27/58; 46.6%). Among oral cancers, MI was significantly higher in 

female (1.75 +/- 1.06) than in male (0.89 +/- 0.94; P = 0.001) patients, as well as recurrence-positive 

cases (1.5 +/- 1.06) relative to recurrence-negative cases (0.81 +/- 0.91; P = 0.010) (Fig. 2C). 

Notably, we found that MI was significantly higher in HPV-positive than in HPV-negative cases 

(1.48 +/- 0.64 vs. 0.81 +/- 1.05; P = 0.005), as well as in recurrence-positive cases (1.60 +/- 0.88) 

relative to recurrence-negative cases (0.87 +/- 0.87; P = 0.004) (Fig. 2D) of oropharyngeal cancers. 

 

Kaplan-Meier estimates 

Kaplan-Meier plots indicated that the methylation status of GAL and GALR1/2 was related to 

disease-free survival (DFS) (Fig. 3A-D). Among 43 patients with hypopharyngeal cancers, the rate 

of DFS in those with any methylated genes was 19.3% (mean survival time; 27.0 months) compared 

with 38.1% (mean survival time; 31.2 months) in the group with no methylated genes (log-rank test, 

P = 0.744) (Fig. 3A). Among the patients with laryngeal cancers, the rate of DFS of patients 

exhibiting methylation of one or more of the three genes was 24.6% (mean survival time; 27.8 

months), compared with 68.6% (mean survival time; 41.6 months) in the group with no methylated 

genes (log-rank test, P = 0.265) (Fig. 3B). Among 59 cases of oral cancers, the rate of DFS was 

lower in the any-methylated genes group than in the no-methylated genes group (36.7% vs. 76.1%, 

respectively; log-rank test, P = 0.035) (Fig. 3C). Among patients with oropharyngeal cancers, the 

DFS rates for those with no methylated genes and any methylated genes were 85.7% (mean survival 

time; 22.7 months) and 25.6% (mean survival time; 19.7 months), respectively (log-rank test, P = 

0.042) (Fig. 3D). We did not observe any correlation between mortality and HPV status (log-rank 
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test, P = 0.826) in the cohort of patients with oropharyngeal cancer (Fig. 4A). Overall survival 

tended to be better in HPV-positive patients than in HPV-negative individuals; however, this was not 

statistically significant (87.1% versus 53.5%, log-rank test, P = 0.156) (data not shown). However, 

hypermethylation of any of the 3 investigated genes was significantly associated with shortened 

survival in HPV- negative patients (log-rank test, P = 0.018) (Fig. 4B). 

 

Prognostic value of GAL and GALR1/2 promoter hypermethylation 

The odds of recurrence associated with methylation of GAL and GALR1/2 were estimated by 

multivariate logistic-regression analysis (Fig. 5A-D). When GAL was methylated in laryngeal 

cancers, the adjusted odds ratio for recurrence was 16.5 (95% confidence interval [CI], 1.84 to 

148.29; P = 0.012) (Fig. 5B). In patients with oral cancers, concomitant methylation of the gene pair 

GAL and GALR1 and the gene pair GALR1 and GALR2 was associated with an odds ratio for 

recurrence of 5.45 (95% CI, 1.48 to 20.1; P = 0.011) and 4.86 (95% CI, 1.26 to 18.7; P = 0.021), 

respectively (Fig. 5C). Notably, patients with oropharyngeal cancers that exhibited methylation of 

GALR2 and the gene pair GAL and GALR2 had a significantly higher odds ratio for recurrence of 

4.84 (95% CI, 1.34 to 17.53; P = 0.016) and 6.58 (95% CI, 1.67 to 25.89; P = 0.007), respectively 

(Fig. 5D). 

Additional analysis of the 42 patients with laryngeal cancer revealed that those with patients 

with unmethylated GAL showed significantly better DFS in comparison to those with methylated 

GAL (log-rank test, P = 0.021) (Supplemental Fig. 1A). In oral cancers, GALR1 promoter 

hypermethylation was statistically correlated with a decrease in DFS (log-rank test, P = 0.008) 

(Supplemental Fig. 1B). A trend towards poorer DFS was observed in patients with oropharyngeal 

cancers that exhibited methylation of the GALR2 promoter (log-rank test, P = 0.052) (Supplemental 

Fig. 1C). 
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External validation of results from the TCGA database 

The validation of TCGA data for GAL and GALR1/2 methylation in HNSCC and its correlation 

in cervical squamous cell carcinoma and endocervical adenocarcinoma (CESC) cohorts are shown in 

Fig. S2. Interestingly, GAL methylation demonstrated an average β value of 0.328 in the 

oropharyngeal SCC TCGA cohort and 0.275 in the TCGA CESC subset (Supplemental Fig. 2A). 

The β value for methylation of GALR1 was identified in 0.451 in the oropharyngeal SCC TCGA 

cohort and 0.546 in CESC samples (Supplemental Fig. 2B). The β value of GALR2 was significantly 

higher in CESC than in the other HNSCCs (P < 0.001, Student’s t test) (Supplemental Fig. 2C). 

DISCUSSION 

The identification of epigenetic modifications of GAL, GALR1, and GALR2 genes is 

important for the elucidation of mechanisms underlying tumorigenesis and for the assessment of 

recurrence risk in patients. Here, we reported a real-time PCR analysis of DNA methylation profiles 

in genomic DNA from 202 HNSCC tissues derived from cancers originating in 4 anatomic sites. 

Overall, we found that aberrant promoter methylation patterns of GAL and GALR1/2 in primary 

tumors are indicators of an increased risk of recurrence in patients with oral and oropharyngeal 

cancer. The features of DNA methylation are loci-related, site-specific, as well as correlated with the 

HPV status of the patient. 

Exposure to several carcinogens, such as HPV, tobacco, and alcohol, has been associated 

with epigenetic gene inactivation in human cancers, e.g. those of the head and neck, esophagus, and 

lung [15,16]. Recently, oncogenic viruses such as HPV and EBV have been shown to evoke 

cancerous changes to the DNA methylome of the cell by increasing activity of DNA 

methyltransferases (DNMTs), enzymes that methylate the DNA of the host genome as part of the 

tumorigenic pathway [17,18]. Promoter hypermethylation studies have largely identified only a 

limited number of candidate genes in HNSCC [1]. Therefore, the development of an integrated 
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analysis method, applicable to various tumor types, is necessary for the discovery of correlation 

between the tumor primary site and tumor-specific characteristics. Interestingly, we found a strong 

association between GAL and GALR1/2 methylation levels and gender in hypopharyngeal and oral 

cancers: however, GAL and GALR1/2 methylation levels were not associated with gender in 

laryngeal and oropharyngeal cancers. Female gender is positively correlated with methylation for 

some genes, including MTAP, in gastric cancer [19], CDH1 in lung cancer tissue [20] and p14 in 

colorectal cancer [21]. The activity of sex hormones may be mediated via gene-specific epigenetic 

modifications [22]. 

GPCRs are the largest signal-conveying receptor family that mediate multiple physiological 

processes; however, their role in tumor biology is poorly understood [19]. Various studies suggest 

that possess potent antitumor effects and neuropeptides function as tumor suppressor genes in human 

cancers. Hypermethylation of the tachykinin-1 (TAC1) gene is related with poor prognosis in patients 

with head and neck, colon, and esophageal cancer [20-22]. The promoter methylation profiles of the 

TAC1 and tachykinin receptor 1-encoding gene appear to represent significant markers of outcome in 

patients with head and neck cancer [20]. In addition, somatostatin promoter hypermethylation is a 

common event in human colon cancer [22]. Simultaneous analyses of the methylation status of 

multiple tumor suppressor genes are important for predictions of tumorigenesis, biological behavior, 

and the development of future targeted therapy. 

GAL, a 30-amino acid peptide in humans, has been shown to act as a highly specific and 

efficient pharmaceutical agent in vivo; GAL targets the galanin system via its cognate receptors 

GALR1, GALR2, and GALR3 [23]. The identification of GALR1 methylation in DNA obtained from 

postmenopausal women indicates the presence of endometrial malignancy [24]. Hypermethylation of 

GALR2 has been reported in several cancers such as colorectal cancer [25] and breast cancer [26], as 

well as in hepatocellular tumorigenesis [27]. The silencing function of either GAL or GALR1 induces 

the apoptosis of both drug-sensitive and drug-resistant cells and synergistically enhances the effect of 
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chemotherapy (5-FU and oxaliplatin) in colorectal cancer [28]. Furthermore, GALR2-overexpressing 

colorectal cancer cells are more susceptible to bevacizumab than control cells, and exogenous 

GALR2 expression results in the apoptosis of neuroblastoma cells [29,30]. Therefore, our 

understanding of the functions of GAL and GALR1/2 with respect to HNSCC is improving. 

A previous study in our laboratory reported the function of the GALR1/2 signaling pathways 

in HNSCC [14]. Importantly, the activation of the GALR1 signaling pathway suppresses tumor cell 

growth via phosphorylation of extracellular signal-regulated kinase 1/2 (ERK1/2), which is related to 

the downregulation of cyclin D1 and the upregulation of cyclin-dependent kinase inhibitors [31]. The 

reduction of HNSCC cell growth in response to GALR2 expression in the presence of galanin is due 

to the induction of apoptosis. GALR2-mediated apoptosis is caspase-independent and involves the 

downregulation of ERK1/2 and the induction of the pro-apoptotic Bcl-2 protein Bim [32]. While the 

function of GALR3 is not fully known, GALR3-expressing cells show activation of the PI3K 

pathway [33]. The GALR3 promoter region is C + G-rich; however, the degree of condensation of 

CpG sequences in this region is low [34]. Therefore, the role of GALR3 differs from that of GALR1 
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and GALR2 [31]. The differing signal transduction pathways related to each galanin receptor might 

account for their different biological activities in various types of cancer [35]; therefore, the effect of 

galanin signaling is likely to be dependent on the expression level of each receptor, and to occur in a 

cell type-specific manner. Significantly, the different methylation patterns of these three genes in 

primary tumors may be utilized as the basis for identification of patients with an increased risk of 

recurrence. 

A study of this type involving human specimens and utilizing high-throughput profiling 

platforms may be susceptible to measurement bias from a variety of sources. First, numerous genes 

have been reported as individual biomarkers for prognosis in HNSCC. The present study provides 

evidence that the methylation status of GAL, GALR1, and GALR2 represents an independent 

prognostic factor for DFS in patients with oral cancers and HPV-negative oropharyngeal cancers. 

Further investigations showed the aberrant methylation of GAL may be of potential use as a marker 

for patients with laryngeal cancer that are at a high risk of relapse. Biomarker discovery for HPV-

negative HNSCC is crucial for the improvement of patient outcomes. Simultaneous analyses of the 

methylation status of multiple tumor suppressor genes are important for predictions of tumorigenesis 

and biological behavior as well as for the development of targeted therapy. Our findings suggest that 

such methylation markers could be used in clinical practice to distinguish patients that may benefit 

from adjuvant therapy after initial surgical treatment; however, additional prospective studies are 

required to validate these genes in other groups of patients with HNSCC. 

In conclusion, GAL and GALR1/2 genes were identified as aberrantly methylated in HNSCC 

patients. Importantly, the methylation patterns of these three genes in primary tumors may be used to 

identify patients with oral and oropharyngeal cancers that are at a higher risk of recurrence. These 

findings should benefit oral and oropharyngeal cancer screening and surveillance programs. The 

differences in promoter methylation patterns observed between HPV-positive and HPV-negative 
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tumors, and their effects on downstream signaling pathways involved in carcinogenesis, provide 

several testable hypotheses for further research. 

 

MATERIALS AND METHODS 

 

Tumor samples 

Two hundred and two primary HNSCC samples were obtained from patients during surgery at 

the Department of Otolaryngology, Hamamatsu University School of Medicine. All patients 

provided written informed consent and the study protocol was approved by the Institutional Review 

Board of the Hamamatsu University School of Medicine. Clinical information, including age, sex, 

tumor site, smoking habit, alcohol consumption, tumor size, lymph node status, and stage grouping 

were obtained from the patients’ clinical records. The male: female ratio of the patients was 171: 31. 

The mean age was 64.9 years (range = 36-90). Primary tumors were located in the hypopharynx (n = 

43), larynx (n = 42), oral cavity (n = 59), or oropharynx (n = 58). 

 

Bisulfite treatment and quantitative methylation-specific PCR analysis 

Genomic DNA was extracted using the MethylEasy Xceed Rapid DNA Bisulfite 

Modification Kit (TaKaRa, Tokyo, Japan) and subjected to bisulfite conversion, as previously 

described [11]. The methylation status of the CpG islands in the promoter region of GAL and 

GALR1/2 was determined in 202 primary HNSCC samples and 67 noncancerous mucosal samples. 

Promoter methylation levels of GAL and GALR1/2 were determined using quantitative methylation-

specific PCR (Q-MSP) with the TaKaRa Thermal Cycler Dice TM Real Time System TP800 

(TaKaRa, Tokyo, Japan). The primer sequences are listed in Supplemental Table 1. A standard curve 

was established using serial dilutions of EpiScopeTM Methylated HeLa gDNA (TaKaRa, Tokyo, 
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Japan). The normalized methylation value (NMV) was determined as follows: NMV = (Target gene-

S/Target gene-FM)/(ACTB-S/ACTB-FM), where Target gene-S and Target gene-FM represent 

target gene methylation levels in the sample and universal methylated DNA, respectively, and 

ACTB-S and ACTB-FM correspond to β-actin in the sample and universal methylated DNA, 

respectively. Analysis was performed using the Thermal Cycler Dice Real Time System TP800 

Software Ver. 1.03A (TaKaRa, Tokyo, Japan), according to the manufacturer’s directions for use 

[12]. 

 

Analysis of high-risk HPV status 

The HPV status was evaluated using the HPV Typing Set (Takara Bio., Tokyo, Japan), a 

PCR primer set specifically designed to identify HPV genotypes -16, -18, -31, -33, -35, -52, and -58 

in genomic DNA. The PCR HPV Typing Set method was performed according to the manufacturer's 

protocol. The PCR products were separated using 9% polyacrylamide gel electrophoresis and stained 

with ethidium bromide. 

 

Collection of publicly available data from The Cancer Genome Atlas (TCGA) 

Aberrant DNA methylation data for a total of 522 HNSCC cases, comprising 10 hypopharynx 

cases, 116 larynx cases, 325 oral cavity cases, 71 oropharynx cases, and 303 CESC cases (TCGA 

public data available in March 2016), were collected from the TCGA data portal (https://tcga-

data.nci.nih.gov/tcga). DNA methylation data obtained using the Infinium HumanMethylation450 

platform (Illumina, Inc. CA) were shown as the β value. 

 

Statistical analysis 
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Statistical analysis for the association of variables was performed using Student’s t-test. The 

disease-free time was measured from the date of the initial treatment to the date of diagnosis of 

locoregional recurrence or distant metastasis. The Kaplan–Meier test was used to calculate the 

survival probability, and the log-rank test was used to compare the difference between survival rates. 

Multivariate logistic regression analysis involving stage grouping, age, sex, alcohol intake, smoking 

status, and DNA methylation status was used to identify the predictive value of the prognostic factors 

[36]. Differences with P < 0.05 were considered significant. All statistical analyses were performed 

using StatMate IV (ATMS Co., Ltd., Tokyo, Japan). 

Acknowledgments 

The authors would like to thank Ms. Yuko Mohri for her excellent technical support. 

References 

1. Arantes LM, de Carvalho AC, Melendez ME, Carvalho AL, Goloni-Bertollo EM. 
Methylation as a biomarker for head and neck cancer. Oral Oncol 2014;50(6):587-592. 

2. Sepiashvili L, Bruce JP, Huang SH, O'Sullivan B, Liu FF, Kislinger T. Novel 
insights into head and neck cancer using next-generation "omic" technologies. Cancer Res 
2015;75(3):480-486. 

3. Kang H, Kiess A, Chung CH. Emerging biomarkers in head and neck cancer in the 
era of genomics. Nat Rev Clin Oncol 2015;12(1):11-26. 

4. Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. CA Cancer J 
Clin 2005;55(2):74-108. 

5. Whang SN, Filippova M, Duerksen-Hughes P. Recent Progress in Therapeutic 
Treatments and Screening Strategies for the Prevention and Treatment of HPV-Associated 
Head and Neck Cancer. Viruses 2015;7(9):5040-5065. 

6. Dayyani F, Etzel CJ, Liu M, Ho CH, Lippman SM, Tsao AS. Meta-analysis of the 
impact of human papillomavirus (HPV) on cancer risk and overall survival in head and neck 
squamous cell carcinomas (HNSCC). Head Neck Oncol 2010;2:15. 

7. Lleras RA, Smith RV, Adrien LR et al. Unique DNA methylation loci distinguish 
anatomic site and HPV status in head and neck squamous cell carcinoma. Clin Cancer Res 
2013;19(19):5444-5455. 

8. Choudhury JH, Ghosh SK. Promoter Hypermethylation Profiling Identifies 
Subtypes of Head and Neck Cancer with Distinct Viral, Environmental, Genetic and Survival 
Characteristics. PLoS One 2015;10(6):e0129808. 

9. Ovchinnikov DA, Cooper MA, Pandit P et al. Tumor-suppressor Gene Promoter 
Hypermethylation in Saliva of Head and Neck Cancer Patients. Transl Oncol 2012;5(5):321-
326. 



Aut
ho

r M
an

us
cr

ipt

Aut
ho

r M
an

us
cr

ipt

 

 

10. Smith IM, Mydlarz WK, Mithani SK, Califano JA. DNA global hypomethylation 
in squamous cell head and neck cancer associated with smoking, alcohol consumption and 
stage. Int J Cancer 2007;121(8):1724-1728. 

11. Misawa K, Ueda Y, Kanazawa T et al. Epigenetic inactivation of galanin receptor 
1 in head and neck cancer. Clin Cancer Res 2008;14(23):7604-7613. 

12. Misawa Y, Misawa K, Kanazawa T et al. Tumor suppressor activity and 
inactivation of galanin receptor type 2 by aberrant promoter methylation in head and neck 
cancer. Cancer 2014;120(2):205-213. 

13. Lappano R, Maggiolini M. G protein-coupled receptors: novel targets for drug 
discovery in cancer. Nature reviews Drug discovery 2011;10(1):47-60. 

14. Kanazawa T, Misawa K, Carey TE. Galanin receptor subtypes 1 and 2 as 
therapeutic targets in head and neck squamous cell carcinoma. Expert Opin Ther Targets 
2010;14(3):289-302. 

15. Smith EM, Rubenstein LM, Haugen TH, Pawlita M, Turek LP. Complex etiology 
underlies risk and survival in head and neck cancer human papillomavirus, tobacco, and 
alcohol: a case for multifactor disease. J Oncol 2012;2012:571862. 

16. Smith EM, Rubenstein LM, Haugen TH, Hamsikova E, Turek LP. Tobacco and 
alcohol use increases the risk of both HPV-associated and HPV-independent head and neck 
cancers. Cancer Causes Control 2010;21(9):1369-1378. 

17. Sartor MA, Dolinoy DC, Jones TR et al. Genome-wide methylation and 
expression differences in HPV(+) and HPV(-) squamous cell carcinoma cell lines are 
consistent with divergent mechanisms of carcinogenesis. Epigenetics 2011;6(6):777-787. 

18. Kaneda A, Matsusaka K, Aburatani H, Fukayama M. Epstein-Barr virus infection 
as an epigenetic driver of tumorigenesis. Cancer Res 2012;72(14):3445-3450. 

19. Bar-Shavit R, Maoz M, Kancharla A et al. G Protein-Coupled Receptors in 
Cancer. Int J Mol Sci 2016;17(8). 

20. Misawa K, Kanazawa T, Misawa Y et al. Frequent promoter hypermethylation of 
tachykinin-1 and tachykinin receptor type 1 is a potential biomarker for head and neck 
cancer. J Cancer Res Clin Oncol 2013;139(5):879-889. 

21. Jin Z, Olaru A, Yang J et al. Hypermethylation of tachykinin-1 is a potential 
biomarker in human esophageal cancer. Clin Cancer Res 2007;13(21):6293-6300. 

22. Mori Y, Cai K, Cheng Y et al. A genome-wide search identifies epigenetic 
silencing of somatostatin, tachykinin-1, and 5 other genes in colon cancer. Gastroenterology 
2006;131(3):797-808. 

23. Freimann K, Kurrikoff K, Langel U. Galanin receptors as a potential target for 
neurological disease. Expert Opin Ther Targets 2015;19(12):1665-1676. 

24. Doufekas K, Hadwin R, Kandimalla R et al. GALR1 methylation in vaginal swabs 
is highly accurate in identifying women with endometrial cancer. Int J Gynecol Cancer 
2013;23(6):1050-1055. 

25. Kim JC, Lee HC, Cho DH et al. Genome-wide identification of possible 
methylation markers chemosensitive to targeted regimens in colorectal cancers. J Cancer Res 
Clin Oncol 2011;137(10):1571-1580. 



Aut
ho

r M
an

us
cr

ipt

Aut
ho

r M
an

us
cr

ipt

 

 

26. Chung W, Kwabi-Addo B, Ittmann M et al. Identification of novel tumor markers 
in prostate, colon and breast cancer by unbiased methylation profiling. PLoS One 
2008;3(4):e2079. 

27. Yu J, Zhang HY, Ma ZZ, Lu W, Wang YF, Zhu JD. Methylation profiling of 
twenty four genes and the concordant methylation behaviours of nineteen genes that may 
contribute to hepatocellular carcinogenesis. Cell Res 2003;13(5):319-333. 

28. Stevenson L, Allen WL, Turkington R et al. Identification of galanin and its 
receptor GalR1 as novel determinants of resistance to chemotherapy and potential biomarkers 
in colorectal cancer. Clin Cancer Res 2012;18(19):5412-5426. 

29. Kim KY, Kee MK, Chong SA, Nam MJ. Galanin is up-regulated in colon 
adenocarcinoma. Cancer Epidemiol Biomarkers Prev 2007;16(11):2373-2378. 

30. Berger A, Lang R, Moritz K et al. Galanin receptor subtype GalR2 mediates 
apoptosis in SH-SY5Y neuroblastoma cells. Endocrinology 2004;145(2):500-507. 

31. Kanazawa T, Iwashita T, Kommareddi P et al. Galanin and galanin receptor type 1 
suppress proliferation in squamous carcinoma cells: activation of the extracellular signal 
regulated kinase pathway and induction of cyclin-dependent kinase inhibitors. Oncogene 
2007;26(39):5762-5771. 

32. Kanazawa T, Kommareddi PK, Iwashita T et al. Galanin receptor subtype 2 
suppresses cell proliferation and induces apoptosis in p53 mutant head and neck cancer cells. 
Clin Cancer Res 2009;15(7):2222-2230. 

33. Kanazawa T, Misawa K, Misawa Y et al. G-Protein-Coupled Receptors: Next 
Generation Therapeutic Targets in Head and Neck Cancer? Toxins (Basel) 2015;7(8):2959-
2984. 

34. Misawa K, Misawa Y, Kanazawa T et al. Epigenetic inactivation of galanin and 
GALR1/2 is associated with early recurrence in head and neck cancer. Clin Exp Metastasis 
2016;33(2):187-195. 

35. Jurkowski W, Yazdi S, Elofsson A. Ligand binding properties of human galanin 
receptors. Mol Membr Biol 2013;30(2):206-216. 

36. Katz MH. Multivariable Analysis: A Practical Guide for Clinicians and Public 
Health Researchers. Cambridge: Cambridge University Press; 2011. 93-117 p. 

 

 
FIGURE CAPTIONS 

Figure 1. Summary of the promoter methylation status of GAL, GALR1, and GALR2 in 202 

HNSCC samples (A) Comparison of rate of methylation status of the promoters of 3 genes (GAL, 

GALR1, and GALR2) in patients with hypopharyngeal cancer; blue box, laryngeal cancer; red box, 

oral cancer; purple box, oropharyngeal cancer; green box. (B) Distribution of GAL, GALR1, and 

GALR2 promoter methylation in hypopharyngeal cancer: the promoters of all 3 genes were 

hypermethylated in 2% (1 of 43) of the tumors, those of 2 genes were hypermethylated in 16% (7 of 
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43) of the tumors, and those of one gene were hypermethylated in 47% (20 of 43) of the tumors. 

None of the genes exhibited hypermethylation in 35% (35 of 43) of the tumors. (C) 

Hypermethylation status of genes in tumors from patients with laryngeal cancer (N = 42), (D) 

hypermethylation status of genes in tumors from patients with oral cancer (N = 58), and (E) 

hypermethylation status of genes in tumors from patients with oropharyngeal cancer (N = 59). 

 

Figure 2. Association between methylation indices (MI) and selected clinical parameters The 

mean MI for the various groups was compared using Student’s t-tests. Association between MI and 

selected epidemiologic and clinical characteristics (A) hypopharyngeal cancer: statistically 

significant differences were found for the associations between MI and sex; (B) laryngeal cancer: no 

differences were noted with regard to any of the clinical characteristics; (C) oral cancer: statistically 

significant differences were found for the associations between MI and sex and MI and recurrence 

status (positive vs. negative); (D) oropharyngeal cancer: statistically significant differences were 

found for the associations between MI and HPV status (positive versus negative) and between MI 

and recurrence status (positive versus negative). Means and standard deviations are also indicated, 

and statistical comparisons between groups are depicted. A probability of < 0.05 (*P < 0.05) was 

considered to represent a statistically significant difference. 

 

Figure 3. Kaplan-Meier survival curves for patients with HNSCC according to GAL, GALR1, 

and GALR2 methylation status (A) Methylation status in patients with hypopharyngeal cancer (n = 

43; P = 0.744) (B) Methylation status in patients with laryngeal cancer (n = 42; P = 0.265) (C) 

Methylation status in patients with oral cancer (n = 59; P = 0.036) (D) Methylation status in patients 

with oropharyngeal cancer (n = 58; P = 0.042) 
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Figure 4. Kaplan-Meier survival curves for patients with oropharyngeal cancer according to 

HPV status and methylation status (A) HPV status of patients with oropharyngeal cancer (n = 58; 

P = 0.826); HPV(+), HPV positive; HPV(-), HPV negative. (B) Combined analyses of HPV status 

and GAL, GALR1, and GALR2 methylation status (P = 0.018); Me, methylation; Um, unmethylation 

 

Figure 5. Odds ratios for recurrence based on the multivariate logistic-regression model 

adjusted for age (70 years & older vs. < 70 years), sex, smoking status, alcohol exposure, and 

tumor stage (I, II, III, or IV) Multivariate logistic-regression analysis revealed the estimated odds 

of recurrence associated with GAL, GALR1, and GALR2 methylation; * P < 0.05. (A) Multivariate 

logistic regression analysis for hypopharyngeal cancer, (B) multivariate logistic regression analysis 

for laryngeal cancer, (C) multivariate logistic regression analysis for oral cancer, and (D) 

multivariate logistic regression analysis for oropharyngeal cancer. 

 

Supplemental Figure 1. Kaplan-Meier survival curves (A) GAL methylation status in cases of 

laryngeal cancer, (B) GALR1 methylation status in cases of oral cancer, and (C) GALR2 methylation 

status in cases of oropharyngeal cancer 

 

Supplemental Figure 2. DNA methylation data from the TCGA database 

The DNA methylation data for (A) GAL, (B) GALR1, and (C) GALR2 in two cancer types [HNSCC 

and Cervical Squamous Cell Carcinoma and Endocervical Adenocarcinoma] were collected from the 

TCGA data portal (https://tcga-data.nci.nih.gov/tcga/) in March 2016. 

 

 

Table 1. Clinical characteristics of recruited head and neck cancer patients. 
Patient and tumor characteristics  
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Age 
 70 and older 
 Under 70 
Gender 
 Male 
 Female 
Alcohol exposure 

Ever 
Never 

Smoking status 
 Smoker 
 Non smoker 
Tumor size 
 T1 
 T2 
 T3 

T4 
Lympho-node status 
 N0 
 N+ 
Stage 
 I 

II 
III 

 IV 
HPV status 

Positive 
Negative 

Recurrence events  
 Positive 

Negative 
Hypopharygx 
(n = 43) 
16 (37%) 
27 (63%) 
36 (84%) 
7 (16%) 
36 (84%) 
7 (16%) 
33 (77%) 
10 (23%) 
1 (2%) 
19 (44%) 
9 (21%) 
14 (33%) 
12 (28%) 
31 (72%) 
0 (0%) 
8 (19%) 
8 (19%) 
27 (62%) 
- 
- 
21 (%) 
22 (%) 
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Larynx  
(n = 42) 
13 (31%) 
29 (69%) 
41 (98%) 
1 (2%) 
33 (79%) 
9 (21%) 
31 (74%) 
11 (26%) 
6 (14%) 
6 (14%) 
9 (22%) 
21 (50%) 
21 (50%) 
21 (50%) 
6 (14%) 
3 (7%) 
8 (19%) 
25 (60%) 
- 
- 
17 (40%) 
25 (60%) 
Oral cavity 
(n = 59) 
14 (24%) 
45 (76%) 
47 (80%) 
12 (20%) 
39 (66%) 
20 (34%) 
45 (76%) 
14 (24%) 
11 (19%) 
30 (50%) 
4 (7%) 
14 (24%) 
31 (53%) 
28 (47%) 
8 (14%) 
16 (27%) 
10 (17%) 
25 (42%) 
2 (3%) 
57 (97%) 
22 (37%) 
37 (63%) 
Oropharyx 
(n = 58) 
18 (31%) 
40 (69%) 
47 (81%) 
11 (19%) 
41 (71%) 
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17 (29%) 
40 (69%) 
18 (31%) 
11 (19%) 
22 (38%) 
6 (10%) 
19 (33%) 
23 (40%) 
35 (60%) 
7 (12%) 
10 (17%) 
6 (10%) 
35 (60%) 
27 (47%) 
31 (53%) 
20 (34%) 
38 (66%) 
 
 
 
 
 

Table 1.  Clinical characteristics of recruited head and neck cancer patients. 
 
 
Patient and tumor characteristics  
 
Age 
  70 and older 
  Under 70 
Gender 
  Male 
  Female 
Alcohol exposure 

Ever 
Never 

Smoking status 
  Smoker 
  Non smoker 
Tumor size 
  T1 
 T2 
  T3 

T4 
Lympho-node status 
  N0 
  N+ 
Stage 
  I 

II 
III 

  IV 
HPV status 

Positive 
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Negative 
Recurrence events  
  Positive 

Negative 
Hypopharygx 
(n = 43) 
16 (37%) 
27 (63%) 
36 (84%) 
7 (16%) 
36 (84%) 
7 (16%) 
33 (77%) 
10 (23%) 
1 (2%) 
19 (44%) 
9 (21%) 
14 (33%) 
12 (28%) 
31 (72%) 
0 (0%) 
8 (19%) 
8 (19%) 
27 (62%) 
- 
- 
21 (%) 
22 (%) 
Larynx  
(n = 42) 
13 (31%) 
29 (69%) 
41 (98%) 
1 (2%) 
33 (79%) 
9 (21%) 
31 (74%) 
11 (26%) 
6 (14%) 
6 (14%) 
9 (22%) 
21 (50%) 
21 (50%) 
21 (50%) 
6 (14%) 
3 (7%) 
8 (19%) 
25 (60%) 
- 
- 
17 (40%) 
25 (60%) 
Oral cavity 
(n = 59) 
14 (24%) 
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45 (76%) 
47 (80%) 
12 (20%) 
39 (66%) 
20 (34%) 
45 (76%) 
14 (24%) 
11 (19%) 
30 (50%) 
4 (7%) 
14 (24%) 
31 (53%) 
28 (47%) 
8 (14%) 
16 (27%) 
10 (17%) 
25 (42%) 
2 (3%) 
57 (97%) 
22 (37%) 
37 (63%) 
Oropharyx 
(n = 58) 
18 (31%) 
40 (69%) 
47 (81%) 
11 (19%) 
41 (71%) 
17 (29%) 
40 (69%) 
18 (31%) 
11 (19%) 
22 (38%) 
6 (10%) 
19 (33%) 
23 (40%) 
35 (60%) 
7 (12%) 
10 (17%) 
6 (10%) 
35 (60%) 
27 (47%) 
31 (53%) 
20 (34%) 
38 (66%) 
 
 
 
 
 
 
 
 
 
 



Aut
ho

r M
an

us
cr

ipt

Aut
ho

r M
an

us
cr

ipt

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Aut
ho

r M
an

us
cr

ipt

Aut
ho

r M
an

us
cr

ipt

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Aut
ho

r M
an

us
cr

ipt

Aut
ho

r M
an

us
cr

ipt

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 

 
 
 
 



Aut
ho

r M
an

us
cr

ipt

Aut
ho

r M
an

us
cr

ipt

 

 

 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Aut
ho

r M
an

us
cr

ipt

Aut
ho

r M
an

us
cr

ipt
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Supplemental Table 1. Quantitative methylation-specific PCR primer list 
 

Gene Forward/Reverse Base pairs Sequence (5’-3’) 

Forward TGACGCGATTTCGGGCGGTT 
Galanin 

Reverse 
82 

TATCCGCCGCCCGATATAAC 

Forward GGTTCGCGGTATTCGGTAGT 
GALR1 

Reverse 
99 

GGTTCGCGGTATTCGGTAGT 

Forward CGATTGCGGGGGTTGGAGTTCGGA 
GALR2 

Reverse 
119 

CCAACAACGACCGACGACGCTA 

Forward TGGTGATGGAGGAGGTTTAGAAGT 
ACTB 

Reverse 
133 

AACCAATAAAACCTACTCCTCCCTTAA 
 



Aut
ho

r M
an

us
cr

ipt

Aut
ho

r M
an

us
cr

ipt

 

 

 
 
 
 
 
 
 
Supplementary Table 2. Galanin, GALR1, and GALR2 Gene Methylation Status in 67 Matched Pairs of Tumor and Adjacent Normal 
Mucosal Tissues. 
 
  Methylation status 

 Galanin  GALR1  GALR2 

 methylation unmethylation P-value†  methylation unmethylation P-value†  methylation unmethylation P-value† 

Tumor (67) 16 51   43 24   36 31  

Normal 
(67) 

0 67 < 0.001  10 57 < 0.001  6 61 < 0.001 

 
 
 
†Fisher’s exact probability test.  * P < 0.05  
 
 
 
 
 
 
 
 


