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Abstract
Growth differentiation factor 15 (GDF15) is susceptible to areca nut exposure in oral cells and contributes to the progression of oral tumours. Here, we determined whether independent and combined effects between GDF15 and substance use of alcohol, betel quid and cigarette (ABC) influence the incidence of squamous cell carcinoma of the head and neck (SCCHN).
Serum level and genetic variants of GDF15 and substance use habits were evaluated in the risk of SCCHN using a case-control study with 1191 hospital-based volunteers.
Serum GDF15 level showed an increasing trend among controls and SCCHN patients with different cancer stages (Ptrend < 0.0001). Furthermore, it was positively correlated with lifetime consumption of ABC in SCCHN patients (P < 0.05). An AA homozygote of rs1059369 showed significant association with laryngeal cancer [odds ratio (OR) = 3.43] and had combined effects with substance use of ABC in addictive interaction [synergy index (SI) = 1.54–2.85]. The CC homozygotes of rs1054564 and rs1054221 were susceptible to SCCHN (ORs = 2.09 and 2.08, respectively) and had combined effects with substance use of cigarette and betel quid in the risk of SCCHN (SI = 1.39–2.01). The risk genotypes of both single-nucleotide polymorphisms were significantly modified by cigarette smoking or betel chewing in oral cancer risk (SI =1.62–1.93) and by alcohol drinking in laryngeal cancer risk (SI =3.84 and 3.85); however, no combined effect was found in the risk of pharyngeal cancer.
GDF15 may influence the incidence and development of SCCHN by combined effects between substance use of ABC and individual genetic variants.
Introduction

Squamous cell carcinoma of the head and neck (SCCHN) is one of the most common malignancies and causes high mortality and recurrence rates worldwide1. We have reported that substance use of alcohol, betel quid and cigarette (ABC) reveals the great health risks in the Asian region2, and substance use of ABC is the most common environmental risk factor of SCCHN3–5. Remarkably, substance use of betel quid/areca nut is related to psychostimulant effects and sociocultural practices, and it is widely prevalent in South Central Asia and the East Indies6. Globally, there are about 600 million betel quid chewers6; in Taiwan, there are approximately 2 million habitual chewers (approximately 10% of the population)7. Numerous epidemiological studies also reported an increase in the incidence of betel quid/areca nut-related oral cancer in Western countries due to the South Asian and South Pacific immigrants, who have the habit of chewing betel quid/areca nut8–12. Recently, we indicated that chewing tobacco-free betel quid in conjunction with consumption of alcohol and/or tobacco impacts early cancer occurrence of the upper aerodigestive tract and influences tumour site incidence pattern13. In addition, it has been reported that the 5-year survival rate of SCCHN patients who chew betel is lower than that for those who do not chew betel14. The substance use of betel quid is indeed a strong and independent risk factor of SCCHN in South Central Asia and the East Indies.

The dose-dependent effects of ABC consumption are important indexes for evaluating the risks in early development of SCCHN. However, ABC is a mixture in which many different potential carcinogens are present at very low concentrations. Therefore, a number of constitutional factors may underlie the susceptibility to SCCHN such as genetic predisposition. It has been suggested that an intrinsic susceptibility to environmental genotoxic exposures attributes to carcinogenesis15 and that the interaction between intrinsic susceptibility genes and environmental carcinogens can act in concert to enhance cancer risk16. Several studies have reported a combined effect between single-nucleotide polymorphisms (SNPs) and substance use of ABC, which results in an increased risk of SCCHN17–21. Therefore, studying the combined effects between genes and environment can further clarify on why there is a difference in the development of the onset and severity of SCCHN in subjects with substance use habits of ABC.
Our previous study demonstrated that mRNA expression level of growth differentiation factor 15 (GDF15) can be upregulated on exposure to arecoline and areca nut extracts (ANEs) in human oral cells17,22. GDF15 is a member of the transforming growth factor-β (TGFβ) superfamily, and its biological function is known to regulate tissue differentiation and maintenance. Moreover, GDF15 is showed to contribute to the tumour microenvironment by inhibiting tumour necrosis factor-α secretion, which reduces the tumour-killing activity of macrophages23. Intriguingly, both GDF15 as well as TGFβ act as a tumour suppressor in promoting apoptosis and against cell proliferation in normal cells, and they act as a tumour promoter in enhancing the epithelial–mesenchymal transformation, tumour invasion and angiogenesis in cancer cells24,25. Among betel-quid chewers, betel-induced TGFβ signalling is involved in abnormal collagen accumulation in association with the pathogenesis of an oral precancerous condition26. In addition, the increased GDF15 expression level in tissues of oral squamous cell carcinoma (OSCC) associates with higher malignant grade, and knockdown of GDF15 expression in human tumour cell lines shows a significant decrease in cell proliferation, colony formation and tumourigenicity27. Recently, it is reported that the novel biological function of GDF15 in anti-apoptosis, by reduction of caspase-3/7 activity in OSCC cell lines, may involve in OSCC development28. Because GDF15 potentially increases the risk of OSCC, in this study, we further investigate whether GDF15 susceptibility genetic variants are associated with SCCHN.
In the present study, we demonstrate the significant combined effects between GDF15 and substance use of ABC in the risk of SCCHN. To our knowledge, neither the association between serum GDF15 level and lifetime consumption of ABC nor the combined effects between 3′-UTR SNPs of GDF15 gene and substance use habits of ABC have been investigated in SCCHN.
Methods and materials 
Study population

A case-control study was conducted from three medical centres and included 474 male SCCHN patients [331 oral cavity cancers (69.8%), 94 pharyngeal cancers (19.8%) and 49 laryngeal cancers (10.3%)] and 717 male controls. This study was approved by the Human Experiment and Ethics Committee. In definition of substance use of ABC, one drink of alcohol was defined as intake of 16.5 g of ethanol (equal to a 330-mL beer bottle containing 5% ethanol), one pack of betel quid was defined as chewing 20 grains of betel quid and one pack of cigarettes was defined as smoking 20 cigarettes. Lifetime consumption of alcohol (drinks-years), betel quid (packs-years) and cigarette (packs-years) was calculated and analysed.

Enzyme-linked immunosorbent assay (ELISA)
Serum specimens were obtained from 427 SCCHN patients (341 oral cancers, 53 pharyngeal cancers and 33 laryngeal cancers) and 562 controls. The quantification of serum GDF15 level was determined using human GDF15 ELISA development kit (DuoSet, R & D Systems), and each sample was analysed in duplicate following the manufacturer’s protocol.
Gene re-sequencing and genotyping

Twenty pairs of SCCHN patients and controls were randomly assigned for identifying GDF15 sequence variants in the Taiwanese population. Genomic DNA was isolated using Gentra PureGene Blood kit (Qiagen). Four amplicons, spanning −687 of 5′-UTR to +326 of 3′-UTR of the GDF15 gene, were re-sequenced using an ABI 3100 Genetic Analyzer (Life Technologies; also see Supplementary table). Genetic variations and minor allele frequencies (MAFs) were determined and analysed, and informative SNPs were further selected and genotyped.
Statistical analyses

Differences in mean were analysed by two-tailed Student’s t-test or one-way analysis of variance (ANOVA) with the Bonferroni multiple comparisons test. The P value for trend was computed using the slope estimate in a simple regression model. Relationships between serum GDF15 level and log of ABC lifetime consumption were analysed using Pearson’s correlation. In the diagnostic accuracy of serum GDF15 level and ABC substance use habits for SCCHN, receiver–operator characteristic (ROC) curves were plotted by measuring area under curve (AUC). The goodness-of-fit χ2 test was used to evaluate any deviation from Hardy–Weinberg equilibrium (HWE) in each of the selected SNPs. Adjusted odds ratios (aORs), 95% confidence intervals (CIs) and exact P values were calculated by logistic regression models controlling potential confounders. Combined effects between genes and environment were evaluated using Rothman’s SI for additive interaction model29 and Khoury’s synergy index (SIM) for multiplicative interaction model30. All analyses were executed using the SAS Statistical Package 9.1.3 (SAS Institute Inc.).
Results

Increased serum GDF15 levels in SCCHN patients 
The serum GDF15 level in all SCCHN patients (1.22 ± 0.81 ng/mL), including those with oral (1.16 ± 0.75 ng/mL), pharyngeal (1.61 ± 1.08 ng/mL) and laryngeal (1.27 ± 0.67 ng/mL) cancers, was significantly higher than that of the controls (0.82 ± 0.63 ng/mL; P < 0.05; Figure 1a). A significant increasing trend in the mean serum GDF15 level was detected in SCCHN patients at different cancer stages (Ptrend = 0.049) and among controls and HN cancers at different cancer stages (Ptrend < 0.0001) (Figure 1b).
Correlation between serum GDF15 level and lifetime consumption of ABC

Regarding substance use of ABC, in the study population, the number of years of betel chewing (P = 0.005) and cigarette smoking (P < 0.01) was significantly higher in SCCHN patients than that in controls, but there was no significant difference in alcohol intake (P = 0.061) (data not shown). The findings found that an increased serum GDF15 level was significantly and positively correlated with the lifetime consumption of A (P = 0.017), B (P = 0.012) and C (P = 0.010) in SCCHN patients (Figure 2). However, such a relationship was insignificant in the controls. 
Serum GDF15 level and ABC habits on diagnostic accuracy for SCCHN
The independent or combined effects of substance use habits, A, B, C, AB, AC, BC and ABC, for SCCHN cancer risk were 3.1 (95% CI, 1.3–7.2), 53.2 (95% CI, 9.8–288.6), 3.0 (95% CI, 1.5–5.8), 62.0 (95% CI, 18.3–210.6), 9.8 (95% CI, 5.3–18.4), 51.7 (95% CI, 26.1–102.1) and 118.1 (95% CI, 65.2–213.8), respectively, after controlling age and ethnicity (data not shown). The results showed that betel chewing is a strong environmental risk factor of SCCHN in Taiwan compared with alcohol intake and cigarette smoking, as expected. The AUC of serum GDF15 level was 0.70 for SCCHN, but the combined model with substance use habits of ABC improved the diagnostic performance to 0.90 (sensitivity = 83.4% and specificity = 83.3%; Figure 2d). The diagnostic performance of the combined model was significantly greater than that of each independent factor (P < 0.0001; data not shown), and it thus showed a better diagnostic accuracy for SCCHN.

SNP discovery and risk in SCCHN
In total, 19 SNPs were identified in the un-translated and coding regions of GDF15 gene from 20 pairs of patients and controls (Supplementary figure) by comparing the SNP database from international populations at the HapMap Data Coordination Center (http://www.hapmap.org/); 4 SNPs were located at 5′-UTR (rs12459782, rs57573498, rs17526126 and rs77109188); 4 SNPs were located at exon 1 (rs1059519, rs6413435, rs1059369 and rs16982331); 7 SNPs were located at exon 2 (rs1059022, rs1804826, rs3746195, rs45586234, rs45535632, rs1058587 and rs11556750) and 4 SNPs were located at 3′-UTR (rs1227733, rs1055150, rs1054564 and rs1054221). However, 8 of the discovered SNPs (rs57573498, rs77109188, rs16982331, rs1059022, rs3746195, rs45535632, rs45586234 and rs11556750) presented homozygotes in all subjects. Both rs6413435 and rs1059369 were neighbour SNPs (about 4 base pairs) in exon 1, and the information of rs6413435 was arbitrarily replaced by rs1059369 in this study. Two SNPs, rs17526126 and rs1227733, failed in probe design and synthesis (the Custom TaqMan SNP Genotyping Assays, ABI).
Finally, 8 selected SNPs, rs12459782 (T>C, 5′-UTR), rs1059519 (G>C, exon 1), rs1059369 (T>A, exon 1), rs1804826 (G>T, exon 2), rs1058587 (C>G, exon 2), rs1055150 (G>C, 3′-UTR), rs1054564 (T>C, 3′-UTR) and rs1054221 (G>C, 3′-UTR), were genotyped, and the MAFs were 0.34 (T), 0.34 (C), 0.38 (T), 0.50 (T), 0.27 (G), 0.35 (C), 0.17 (C) and 0.17 (C), respectively. Each of the selected SNPs was in HWE among cancer patients and control subjects, except for rs1804826, which was  not in equilibrium in patients or controls (Table 1). Most SNPs located at the GDF15 promoter and coding regions did not significantly associate with the subsite cancers or overall HN cancers, except for the A allele and AA homozygote of rs1059369 (exon 1, T>A, Ser>Thr), which significantly increased the risk of laryngeal cancer (OR = 1.78 and 3.43, respectively). Furthermore, CC homozygotes of 3′-UTR SNPs, rs1054564 and rs1054221, showed 2.31- and 2.30-fold increases in risk, respectively, for overall HN cancer mainly owing to oral cavity cancer (OR = 2.20 and 2.18, respectively) and laryngeal cancer (OR = 5.28 and 5.26, respectively). No genetic effect of GDF15 was found in the risk of pharyngeal cancer.
Gene–environment interaction in the risk of SCCHN
Because rs1059369 (exon 1), rs1054564 (3′-UTR) and rs1054221 (3′-UTR) are significantly associated with laryngeal and oral cavity cancer, we further evaluated the gene–environment interactions between these genetic variants and substance use habits of ABC in risk of HN cancers. In Table 2, as shown, combined effects between substance use habits of ABC and the A allele/AA homozygote of rs1059369 were found to increase the risk of laryngeal cancer in addictive interaction models (SI = 1.26–2.25 and 1.54–2.85, respectively). Remarkably, the A allele/AA homozygote of rs1059369 was strongly modified by exposure to betel quid chewing in multiplicative interaction models in the risk of laryngeal cancer (SIM = 2.25 and 2.85, respectively). Moreover, we also found that the susceptibility genotypes (CC) of 3′-UTR SNPs, rs1054564 and rs1054221, modified the effects of betel quid chewing (SI = 2.01 and 1.98, respectively) or cigarette smoking (SI = 1.40 and 1.39, respectively) based on an additive interaction model in the risk of overall HN cancer (Table 3). In subsite cancers of SCCHN, as shown in Table 4, the CC homozygotes of both 3′-UTR SNPs addictively modified the effects of betel quid chewing (SI = 1.93 and 1.89, respectively) or cigarette smoking (SI = 1.63 and 1.62, respectively) in oral cancer. Intriguingly, in laryngeal cancer, the CC homozygotes of both 3′-UTR SNPs also modified the effects of alcohol consumption based on addictive interaction models (SI = 3.84 and 3.85, respectively) or multiplicative interaction models (SIM = 1.59 and 1.59, respectively). Nevertheless, the susceptibility genotypes of rs1059369, rs1054564 and rs1054221 were not modified by exposure to substance use of ABC in pharyngeal cancer.
Discussion
In Taiwan, the incidence and mortality of SCCHN has increased over the past two decades. We recently found that 42%–45% of Taiwanese betel quid chewers are dependent on betel quid, and the adjusted population attributable risk proportion of tobacco-free betel quid chewing accounted for 78.7%, 66.1% and 17.8% of the patients with oral, pharyngeal and laryngeal cancers, respectively31,32. Alcohol drinking and cigarette smoking are concomitant habits with betel quid chewing in eastern and South Asian communities2. Subjects with long-term or high frequency of ABC consumption are at a high risk of developing SCCHN. In the present study, we found that serum GDF15 level was positively correlated with total life consumption of ABC in SCCHN patients, because in comparison with the healthy controls, most SCHNN patients demonstrated ABC substance abuse. GDF15 may act as a tumour suppressor or tumour promoter in epithelial carcinogenesis, because it is a divergent member of the TGFβ superfamily, which inhibits cell proliferation and enhances apoptosis in normal cells, whereas it enhances epithelial–mesenchymal transformation, angiogenesis and tumour invasion in cancer cells24. We showed that areca nut, the main component of betel quid, upregulates GDF15 gene expression in human oral tumour cells17; however, no report has shown the effect of alcohol or cigarette on modulating GDF15 expression in oral models. Studying the effects of ABC in inhibiting GDF15 regular expression in normal status and inducing GDF15 overexpression in tumour initiation may provide important evidence in the early development of SCCHN; the pathogenetic mechanisms also remain to be defined.
In this study, significantly increased serum levels of GDF15 were observed in SCCHN as well as in some human cancers33–35. In addition, the increased levels were significantly associated with clinical signs of malignancy in SCCHN patients. In OSCC tissues, the overexpression of GDF15 positively correlated with histopathological malignant grade27. It appears that the dimeric mature form of GDF15 is largely secreted and cleaved from overexpressed intracellular dimeric precursor in malignant tumours, and subsequently released into blood circulation in OSCC patients. At the subsites of SCCHN, not only oral cavity cancer but also pharyngeal and laryngeal cancer showed an abnormally increased serum level of GDF15. Because elevated serum GDF15 level is positively correlated with substance use of ABC, we further performed a combined model of ROC curve to significantly improve the diagnostic performance for SCCHN from dependent biological factor and environmental risk factors. This model could provide a detection strategy for screening individual susceptibility in the risk of early onset of SCCHN from high-risk populations.

To explore whether individual genetic variants of the GDF15 gene are associated with SCCHN, we further investigated the AA homozygotes of rs1059369 and CC homozygotes of two 3′-UTR SNPs (rs1054564 and rs1054221), particularly at the subsite cancers of oral cavity and larynx. As per our findings, however, no genetic effect of GDF15 was found in the risk of pharyngeal cancer. Because an elevated serum level of GDF15 was observed in this cancer site, we supposed that other signalling pathways of GDF15 may be involved in the development of pharyngeal cancer such as overexpression or overactivity of its upstream transcription factors. rs1059369 is a missense SNP (TCC>ACC) located at exon 1 that has an amino acid residue change at position 48 from Ser to Thr in the GDF15 propeptide, and it is susceptible in laryngeal cancer. However, in prostate cancer, rs1059369 did not show a significant association with cancer risk and survival rate of prostate cancer36,37. Whether the physico-chemical property change of rs1059369 from small size and polar (Ser) to medium size and polar (Thr) influences the expression of GDF15 pro-form requires further investigation.
It is notable that the 3′-UTR SNP, rs1054564, but not the other three natural non-synonymous SNPs, rs1059519 (exon1, Val/Leu, position 9), rs1059369 and rs1058587 (exon2, His/Asp, position 202), was strongly associated with an increased serum level of GDF15 in a prostate cancer study35.  Moreover, a differentially expressed transcript tag ‘GTGCTCATTC’ near sequence positions of rs1054564 and rs1054221 exhibited a >20-fold increase in the risk of colorectal cancer38. Although the H6D polymorphism (C>G) is a potential tag SNP for studying cancer risk and survival in prostate cancer36,39, in the present study, it did not present a significant susceptibility to SCCHN patients. These findings indicate that genetic variants located at the 3′-UTR region of the GDF15 gene may modulate its endogenous expression and contribute in the development of some human cancers. To our knowledge, in the TargetScan database for human miRNAs, the putative hsa-mir-1233 and hsa-mir-1225-3p could be easily targeted to the complementary sequence at wild type (G) of rs1054564, and hsa-mir-410 could be targeted to the sequence at wild type (T) of rs105422. However, further studies are needed to validate these genotype-specific putative miRNAs on modulating endogenous GDF15 expression in the development of SCCHN.
The substance use habits and frequencies of ABC have known to cause the different risks in the subsite cancers of SCCHN. Nevertheless, all individuals exposed to the same type and consumption of ABC do not develop SCCHN or even the specific subsite cancers. It is now understood that cancer development is not only due to exogenous carcinogens but also due to their interactions with individual susceptibility genes that are involved in tumour initiation, progression or metastasis. In molecular epidemiological approaches, environmental risk factors and genetic predisposition can, in combination, additively or multiplicatively confer a range of susceptibilities in risk assessment models for non-familial cancers. This study indicates that the susceptibility genotypes of rs1059369 (AA), rs1054564 (CC) and rs1054221 (CC) present higher risks of HN cancers, especially when combined with the habits of alcohol drinking, betel quid chewing or cigarette smoking. Nevertheless, the precise role of GDF15 in ABC-related SCCHN is not clear at present. Additional studies with the effect of ABC on changes in cellular microRNAs, which actually modulate the expression of GDF15 or its regulatory transcription factors40–45, are needed for elucidating the molecular mechanisms in carcinogenesis of ABC-related SCCHN.
Together, the serum GDF15 level can serve as a clinical marker in SCCHN for replacing the determination in cancerous tissues. The present study is the first report to explore the relationships and interactions between GDF15 and substance use of ABC in the risk of SCCHN. It is the combined effects of these inherent SNPs in the GDF15 gene and substance use of ABC that interpret whether an individual develops early onset of HN cancers. Although we do not know the complete functional significance of these identified variants, we suggest that they may contribute to ABC-related SCCHN susceptibility.
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Figure 1: Serum GDF15 level in HN cancer. (a) Serum GDF15 levels (ng/mL) in overall and subsites of HN cancer were compared with controls using Student’s t-test or ANOVA with Bonferroni multiple comparisons test. (b) P values for trend (Ptrend) of the serum GDF15 levels were estimated among controls and SCCHN patients with different cancer stages using simple regression models. *P < 0.001, **P < 0.0001.
Figure 2: Linear relationship and ROC curve between ABC substance use and serum GDF15 level in SCCHN. The plots illustrate correlations between the lifetime consumption of (a) alcoholic beverages (years-drinks), (b) betel quid (years-packs) and (c) cigarettes (years-packs) and serum GDF15 level in SCCHN patients and controls. R-squared value (R-sq) and P value were calculated using Pearson’s correlation analysis. (d) Area under ROC curve was measured to evaluate the predictive models from substance use habits of ABC and serum GDF15 level in SCCHN development.
Table 1 Genetic variants of the GDF15 gene in the risk of HN cancers
	Genetic
variant
	Controls
	
	Oral cavity
	
	Pharynx
	
	Larynx
	
	Overall

	
	n (%)
	
	n (%)
	OR
	(95% CI)
	
	n (%)
	OR
	(95% CI)
	
	n (%)
	OR
	(95% CI)
	
	n (%)
	OR
	(95% CI)

	Sample size
	717
	　
	
	331
	　
	
	
	
	94
	　
	
	
	
	49
	　
	
	
	
	474
	　
	
	

	rs12459782 (5′-UTR)

	   Allele 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	C
	947
	(66.0) 
	
	435
	(65.7) 
	1.00 
	
	
	124
	(66.7) 
	1.00 
	
	
	56
	(57.1) 
	1.00 
	
	
	615
	(65.0) 
	1.00 
	

	T
	487
	(34.0) 
	
	227
	(34.3) 
	1.01 
	(0.84–1.23)
	
	62
	(33.3) 
	0.97 
	(0.70–1.34)
	
	42
	(42.9) 
	1.46 
	(0.96–2.21)
	
	331
	(35.0) 
	1.05 
	(0.88–1.24)

	   Genotype 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	C/C
	309
	(43.1) 
	
	148
	(44.7) 
	1.00 
	
	
	38
	(40.9) 
	1.00 
	
	
	15
	(30.6) 
	1.00 
	
	
	201
	(42.5) 
	1.00 
	

	T/C
	329
	(45.9) 
	
	139
	(42.0) 
	0.88 
	(0.67–1.17)
	
	48
	(51.6) 
	1.19 
	(0.75–1.87)
	
	26
	(53.1) 
	1.63 
	(0.85–3.13)
	
	213
	(45.0) 
	1.00 
	(0.78–1.28)

	T/T
	79
	(11.0) 
	
	44
	(13.3) 
	1.16 
	(0.77–1.77)
	
	7
	(7.5) 
	0.72 
	(0.31–1.67)
	
	8
	(16.3) 
	2.09 
	(0.85–5.10)
	
	59
	(12.5) 
	1.15 
	(0.78–1.68)

	PHWE
	0.57 
	
	0.23 
	
	
	
	0.16 
	
	
	
	0.77 
	
	
	
	0.84 
	
	

	rs1059519 (Val>Leu, Exon 1)

	   Allele 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G
	948
	(66.1) 
	
	434
	(65.6) 
	1.00 
	
	
	125
	(66.5) 
	1.00 
	
	
	57
	(58.2) 
	1.00 
	
	
	616
	(65.0) 
	1.00 
	

	C
	486
	(33.9) 
	
	228
	(34.4) 
	1.02 
	(0.84–1.24)
	
	63
	(33.5) 
	0.98 
	(0.71–1.36)
	
	41
	(41.8) 
	1.40 
	(0.93–2.13)
	
	332
	(35.0) 
	1.05 
	(0.89–1.25)

	   Genotype 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G/G
	310
	(43.2) 
	
	148
	(44.7) 
	1.00 
	
	
	38
	(40.4) 
	1.00 
	
	
	16
	(32.7) 
	1.00 
	
	
	202
	(42.6) 
	1.00 
	

	C/G
	328
	(45.7) 
	
	138
	(41.7) 
	0.88 
	(0.67–1.17)
	
	49
	(52.1) 
	1.22 
	(0.78–1.91)
	
	25
	(51.0) 
	1.48 
	(0.77–2.82)
	
	212
	(44.7) 
	1.00 
	(0.77–1.27)

	C/C
	79
	(11.0) 
	
	45
	(13.6) 
	1.19 
	(0.79–1.81)
	
	7
	(7.4) 
	0.72 
	(0.31–1.68)
	
	8
	(16.3) 
	1.96 
	(0.81–4.75)
	
	60
	(12.7) 
	1.17 
	(0.80–1.70)

	PHWE
	0.63 
	
	0.18 
	
	
	
	0.16 
	
	
	
	1.00 
	
	
	
	0.69 
	
	

	rs1059369 (Ser>Thr, Exon 1)

	   Allele 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	T
	540
	(37.8) 
	
	255
	(38.5) 
	1.00 
	
	
	69
	(36.7) 
	1.00 
	
	
	25
	(25.5) 
	1.00 
	
	
	349
	36.8 
	1.00 
	

	A
	888
	(62.2) 
	
	407
	(61.5) 
	0.97 
	(0.80–1.17)
	
	119
	(63.3) 
	1.05 
	(0.77–1.44)
	
	73
	(74.5) 
	1.78 
	(1.11–2.83)*
	
	599
	63.2 
	1.04 
	(0.88–1.24)

	   Genotype 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	T/T
	107
	(15.0) 
	
	54
	(16.3) 
	1.00 
	
	
	14
	(14.9) 
	1.00 
	
	
	3
	(6.1) 
	1.00 
	
	
	71
	(15.0) 
	1.00 
	

	A/T
	326
	(45.7) 
	
	147
	(44.4) 
	0.89 
	(0.61–1.31)
	
	41
	(43.6) 
	0.96 
	(0.50–1.83)
	
	19
	(38.8) 
	2.08 
	(0.60–7.16)
	
	207
	(43.7) 
	0.96 
	(0.68–1.35)

	A/A
	281
	(39.4) 
	
	130
	(39.3) 
	0.92 
	(0.62–1.35)
	
	39
	(41.5) 
	1.06 
	(0.55–2.03)
	
	27
	(55.1) 
	3.43 
	(1.02–11.52)*
	
	196
	(41.3) 
	1.05 
	(0.74–1.50)

	PHWE
	0.43 
	
	0.25 
	
	
	
	0.65 
	
	
	
	1.00 
	
	
	
	0.20 
	
	

	rs1804826 (Synonymous, Exon 2)

	   Allele 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G
	715
	(50.4) 
	
	311
	(47.6) 
	1.00 
	
	
	97
	(52.7) 
	1.00 
	
	
	56
	(57.1) 
	1.00 
	
	
	464
	(49.6) 
	1.00 
	

	T
	705
	(49.6) 
	
	343
	(52.4) 
	1.12 
	(0.93–1.35)
	
	87
	(47.3) 
	0.91 
	(0.67–1.24)
	
	42
	(42.9) 
	0.76 
	(0.50–1.15)
	
	472
	(50.4) 
	1.00 
	(0.85–1.18)

	   Genotype 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G/G
	98
	(13.8) 
	
	30
	(9.2) 
	1.00 
	
	
	14
	(15.2) 
	1.00 
	
	
	10
	(20.4) 
	1.00 
	
	
	54
	(11.5) 
	1.00 
	

	T/G
	519
	(73.1) 
	
	251
	(76.8) 
	1.50 
	(0.97–2.32)
	
	69
	(75.0) 
	0.88 
	(0.48–1.63)
	
	36
	(73.5) 
	0.65 
	(0.31–1.35)
	
	356
	(76.1) 
	1.18 
	(0.82–1.70)

	T/T
	93
	(13.1) 
	
	46
	(14.1) 
	1.46 
	(0.85–2.50)
	
	9
	(9.8) 
	0.61 
	(0.25–1.48)
	
	3
	(6.1) 
	0.29 
	(0.08–1.08)
	
	58
	(12.4) 
	1.02 
	(0.64–1.63)

	PHWE
	<0.01
	
	<0.01
	
	
	
	<0.01
	
	
	
	<0.01
	
	
	
	<0.01
	
	

	rs1058587 (Asp>His, Exon 2)

	   Allele 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G
	398
	(28.0) 
	
	170
	(26.2) 
	1.00 
	
	
	54
	(29.0) 
	1.00 
	
	
	31
	(31.6) 
	1.00 
	
	
	255
	(27.3) 
	1.00 
	

	C
	1022
	(72.0) 
	
	480
	(73.8) 
	1.10 
	(0.89–1.36)
	
	132
	(71.0) 
	0.95 
	(0.68–1.33)
	
	67
	(68.4) 
	0.84 
	(0.54–1.31)
	
	679
	(72.7) 
	1.04 
	(0.86–1.25)

	   Genotype 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G/G
	52
	(7.3) 
	
	22
	(6.8) 
	1.00 
	
	
	9
	(9.7) 
	1.00 
	
	
	6
	(12.2) 
	1.00 
	
	
	37
	(7.9) 
	1.00 
	

	C/G
	294
	(41.4) 
	
	126
	(38.8) 
	1.01 
	(0.59–1.74)
	
	36
	(38.7) 
	0.71 
	(0.32–1.56)
	
	19
	(38.8) 
	0.56 
	(0.21–1.47)
	
	181
	(38.8) 
	0.87 
	(0.55–1.37)

	C/C
	364
	(51.3) 
	
	177
	(54.5) 
	1.15 
	(0.68–1.95)
	
	48
	(51.6) 
	0.76 
	(0.35–1.64)
	
	24
	(49.0) 
	0.57 
	(0.22–1.46)
	
	249
	(53.3) 
	0.96 
	(0.61–1.51)

	PHWE 
	0.51 
	
	1.00 
	
	
	
	0.61 
	
	
	
	0.52 
	
	
	
	0.63 
	
	

	rs1055150 (3′-UTR)

	   Allele 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G
	946
	(66.0) 
	
	428
	(64.7) 
	1.00 
	
	
	119
	(63.3) 
	1.00 
	
	
	55
	(56.1) 
	1.00 
	
	
	602
	(63.5) 
	1.00 
	

	C
	488
	(34.0) 
	
	234
	(35.3) 
	1.06 
	(0.87–1.29)
	
	69
	(36.7) 
	1.12 
	(0.82–1.54)
	
	43
	(43.9) 
	1.52 
	(0.99–2.29)
	
	346
	(36.5) 
	1.11 
	(0.94–1.32)

	   Genotype 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G/G
	309
	(43.1) 
	
	142
	(42.9) 
	1.00 
	
	
	32
	(34.0) 
	1.00 
	
	
	14
	(28.6) 
	1.00 
	
	
	188
	(39.6) 
	1.00 
	

	C/G
	328
	(45.7) 
	
	144
	(43.5) 
	0.96 
	(0.72–1.26)
	
	55
	(58.5) 
	1.62 
	(1.02–2.57)*
	
	27
	(55.1) 
	1.82 
	(0.94–3.53)
	
	226
	(47.7) 
	1.13 
	(0.88–1.45)

	C/C
	80
	(11.2) 
	
	45
	(13.6) 
	1.22 
	(0.81–1.86)
	
	7
	(7.4) 
	0.85 
	(0.36–1.99)
	
	8
	(16.3) 
	2.21 
	(0.90–5.44)
	
	60
	(12.5) 
	1.23 
	(0.84–1.80)

	PHWE
	0.67 
	
	0.40 
	
	
	
	0.01 
	
	
	
	0.56 
	
	
	
	0.62 
	
	

	rs1054564 (3′-UTR)

	   Allele 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G
	1197
	(83.5) 
	
	541
	(81.7) 
	1.00 
	
	
	154
	(82.8) 
	1.00 
	
	
	70
	(71.4) 
	1.00 
	
	
	765
	(80.9) 
	1.00 
	

	C
	237
	(16.5) 
	
	121
	(18.3) 
	1.13 
	(0.89–1.44)
	
	32
	(17.2) 
	1.05 
	(0.70–1.57)
	
	28
	(28.6) 
	2.02 
	(1.28–3.22)*
	
	181
	(19.1) 
	1.20 
	(0.97–1.48)

	   Genotype 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G/G
	495
	(69.0) 
	
	225
	(68.0) 
	1.00 
	
	
	64
	(68.8) 
	1.00 
	
	
	25
	(51.0) 
	1.00 
	
	
	314
	(66.4) 
	1.00 
	

	C/G
	207
	(28.9) 
	
	91
	(27.5) 
	0.97 
	(0.72–1.30)
	
	26
	(28.0) 
	0.97 
	(0.60–1.58)
	
	20
	(40.8) 
	1.91 
	(1.04–3.52)*
	
	137
	(29.0) 
	1.04 
	(0.81–1.35)

	C/C
	15
	(2.1) 
	
	15
	(4.5) 
	2.20 
	(1.06–4.58)*
	
	3
	(3.2) 
	1.55 
	(0.44–5.50)
	
	4
	(8.2) 
	5.28 
	(1.63–17.08)*
	
	22
	(4.6) 
	2.31 
	(1.18–4.52)*

	PHWE
	0.28 
	
	0.14 
	
	
	
	0.73 
	
	
	
	1.00 
	
	
	
	0.19 
	
	

	rs1054221 (3′-UTR)

	   Allele 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	T
	1195
	(83.3) 
	
	542
	(81.9) 
	1.00 
	
	
	154
	(81.9) 
	1.00 
	
	
	70
	(71.4) 
	1.00 
	
	
	766
	(80.8) 
	1.00 
	

	C
	239
	(16.7) 
	
	120
	(18.1) 
	1.11 
	(0.87–1.41)
	
	34
	(18.1) 
	1.10 
	(0.74–1.64)
	
	28
	(28.6) 
	2.00 
	(1.26–3.17)*
	
	182
	(19.2) 
	1.19 
	(0.96–1.47)

	   Genotype 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	T/T
	493
	(68.8) 
	
	226
	(68.3) 
	1.00 
	
	
	63
	(67.0) 
	1.00 
	
	
	25
	(51.0) 
	1.00 
	
	
	314
	(66.2) 
	1.00 
	

	C/T
	209
	(29.1) 
	
	90
	(27.2) 
	0.94 
	(0.70–1.26)
	
	28
	(29.8) 
	1.05 
	(0.65–1.68)
	
	20
	(40.8) 
	1.89 
	(1.03–3.47)*
	
	138
	(29.2) 
	1.04 
	(0.80–1.34)

	C/C
	15
	(2.1) 
	
	15
	(4.5) 
	2.18 
	(1.05–4.54)*
	
	3
	(3.2) 
	1.57 
	(0.44–5.56)
	
	4
	(8.2) 
	5.26 
	(1.63–17.01)*
	
	22
	(4.6) 
	2.30 
	(1.18–4.51)*

	PHWE 
	0.23 
	　
	0.13
	　
	　
	　
	1.00
	　
	　
	　
	1.00
	　
	　
	　
	0.18　
	　
	　


PHWE, exact P values for HWE were calculated using 10,000 permutations. *P < 0.05.
Table 2 Combined aORs of laryngeal cancer with regard to rs1059369 (Ser>Thr) and substance use habits of ABC
	Genetic variant
	Substance
use
	Alcohol drinking
	
	
	Betel quid chewing
	
	
	Cigarette smoking

	
	
	Cases/Controls
	aOR*
	(95% CI)
	
	Cases/Controls 
	aOR
	(95% CI)
	
	Cases/Controls
	aOR
	(95% CI)

	Allele
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	T
	–
	5/380
	1.00 
	
	
	11/462
	1.0 
	
	
	2/298
	1.00 
	

	A
	–
	25/638
	2.80 
	(1.00–7.84)
	
	29/778
	1.7 
	(0.80–3.59)
	
	8/464
	2.73 
	(0.56–13.23)

	T
	+
	20/160
	4.58 
	(1.57–13.40)*
	
	14/78
	6.4 
	(2.51–16.41)*
	
	23/242
	4.95 
	(1.10–22.29)*

	A
	+
	48/250
	7.77 
	(2.85–21.15)*
	
	44/110
	14.7 
	(6.58–32.85)*
	
	65/424
	9.30 
	(2.17–39.91)*

	SI/SIM
	
	
	1.26†
	
	
	
	2.25†/1.35‡
	
	
	1.46†
	

	Genotype
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	T/T + A/T
	–
	5/306
	1.00 
	
	
	10/373
	1.0 
	
	
	2/238
	1.00 
	

	A/A
	–
	10/203
	2.65 
	(0.81–8.72)
	
	10/247
	1.8 
	(0.68–4.63)
	
	3/143
	2.80 
	(0.45–17.60)

	T/T + A/T
	+
	17/127
	3.79 
	(1.24–11.63)*
	
	12/60
	6.1 
	(2.14–17.62)*
	
	20/195
	4.24 
	(0.90–19.91)

	A/A
	+
	17/78
	7.82 
	(2.48–24.61)*
	
	17/34
	17.8 
	(6.19–51.06)*
	
	24/138
	9.20 
	(1.98–42.88)*

	SI/SIM
	　
	　
	　
	1.54‡　
	　
	　
	　
	　
	2.85†/ 　
	1.62‡　
	　
	　
	1.63†　


*Odd ratios were adjusted with age, ethnicity and another two substance use. *P < 0.05

†Synergy index (SI) was evaluated for additive interaction model by Rothman’s synergy index.

‡Synergy index multiplicative (SIM) was evaluated for multiplicative interaction model by Khoury’s synergy index.
	Table 3 Combined aORs of overall SCCHN with regard to GDF15 3′-UTR genetic variants and substance use of ABC

	Genetic

variant
	Substance

use
	Alcohol drinking
	
	Betel quid chewing
	
	Cigarette smoking

	
	
	Cancers, n (%)
	Controls

, n (%)
	aOR†
	 (95% CI)
	　
	Cancers

, n (%)
	Controls

, n (%)
	aOR†
	 (95% CI)
	　
	Cancers

, n (%)
	Controls

, n (%)
	aOR†
	 (95% CI)

	rs1054564
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Allele
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G
	–
	177
	(18.7)
	842
	(58.7)
	1.00
	
	
	150
	(15.9)
	1035
	(72.2)
	1.00
	
	
	68
	(7.2)
	628
	(43.8)
	1.00
	

	C
	–
	49
	(5.2)
	180
	(12.6)
	1.43
	(0.91–2.26)
	
	36
	(3.8)
	211
	(14.7)
	1.40
	(0.92–2.12)
	
	18
	(1.9)
	138
	(9.6)
	1.22
	(0.66–2.25)

	G
	+
	588
	(62.2)
	355
	(24.8)
	2.78
	(2.12–3.63)*
	
	615
	(65.0)
	162
	(11.3)
	15.27
	(11.53–20.23)*
	
	697
	(73.7)
	569
	(39.7)
	2.62
	(1.88–3.65)*

	C
	+
	132
	(14.0)
	57
	(4.0)
	3.78
	(2.43–5.87)*
	
	145
	(15.3)
	26
	(1.8)
	21.24
	(13.16–34.26)*
	
	163
	(17.2)
	99
	(6.9)
	3.83
	(2.45–5.97)*

	Genotype
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	G/G
	–
	73
	(15.4)
	342
	(47.7)
	1.00
	
	
	61
	(12.9)
	425
	(59.3)
	1.00
	
	
	27
	(5.7)
	255
	(35.6)
	1.00
	

	C/G
	–
	31
	(6.6)
	158
	(22.0)
	1.14
	(0.65–2.02)
	
	28
	(5.9)
	185
	(25.8)
	1.29
	(0.78–2.14)
	
	14
	(3.0)
	118
	(16.5)
	1.00
	(0.46–2.15)

	C/C
	–
	9
	(1.9)
	11
	(1.5)
	4.09
	(1.12–14.98)*
	
	4
	(0.8)
	13
	(1.8)
	2.84
	(0.79–10.16)
	
	2
	(0.4)
	10
	(1.4)
	2.91
	(0.57–14.76)

	G/G
	+
	241
	(51.0)
	153
	(21.3)
	2.68
	(1.77–4.05)*
	
	253
	(53.5)
	70
	(9.8)
	15.21
	(9.91–23.34)*
	
	287
	(60.7)
	240
	(33.5)
	2.47
	(1.47–4.15)*

	C/G
	+
	106
	(22.4)
	49
	(6.8)
	3.85
	(2.26–6.56)*
	
	109
	(23.0)
	22
	(3.1)
	19.93
	(11.23–35.36)*
	
	123
	(26.0)
	89
	(12.4)
	3.50
	(1.94–6.31)*

	C/C
	+
	13
	(2.7)
	4
	(0.6)
	3.90
	(0.99–15.38)
	
	18
	(3.8)
	2
	(0.3)
	33.22
	(7.35–150.20)*
	
	20
	(4.2)
	5
	(0.7)
	5.72
	(1.60–20.46)*

	SI
	
	
	
	
	−−
	
	
	
	
	
	
	2.01‡
	
	
	
	
	
	
	1.40‡
	

	rs1054221
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Allele
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	T
	–
	177
	(18.7)
	841
	(58.6)
	1.00
	
	
	150
	(15.8)
	1034
	(72.1)
	1.00
	
	
	68
	(7.2)
	627
	(43.7)
	1.00
	

	C
	–
	49
	(5.2)
	181
	(12.6)
	1.43
	(0.91–2.25)
	
	36
	(3.8)
	212
	(14.8)
	1.39
	(0.92–2.12)
	
	18
	(1.9)
	139
	(9.7)
	1.21
	(0.66–2.25)

	T
	+
	589
	(62.1)
	354
	(24.7)
	2.79
	(2.13–3.65)*
	
	616
	(65.0)
	161
	(11.2)
	15.38
	(11.61–20.38)*
	
	698
	(73.6)
	568
	(39.6)
	2.62
	(1.88–3.66)*

	C
	+
	133
	(14.0)
	58
	(4.0)
	3.68
	(2.37–5.70)*
	
	146
	(15.4)
	27
	(1.9)
	20.58
	(12.83–33.01)*
	
	164
	(17.3)
	100
	(7.0)
	3.75
	(2.40–5.85)*

	Genotype
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	T/T
	–
	73
	(15.4)
	341
	(47.6)
	1.00
	
	
	61
	(12.9)
	424
	(59.1)
	1.00
	
	
	27
	(5.7)
	254
	(35.4)
	1.00
	

	C/T
	–
	31
	(6.5)
	159
	(22.2)
	1.14
	(0.64–2.02)
	
	28
	(5.9)
	186
	(25.9)
	1.29
	(0.77–2.14)
	
	14
	(3.0)
	119
	(16.6)
	0.99
	(0.46–2.13)

	C/C
	–
	9
	(1.9)
	11
	(1.5)
	4.08
	(1.11–14.95)*
	
	4
	(0.8)
	13
	(1.8)
	2.84
	(0.79–10.15)
	
	2
	(0.4)
	10
	(1.4)
	2.91
	(0.57–14.73)

	T/T
	+
	241
	(50.8)
	152
	(21.2)
	2.71
	(1.79–4.10)*
	
	253
	(53.4)
	69
	(9.6)
	15.42
	(10.04–23.69)*
	
	287
	(60.5)
	239
	(33.3)
	2.49
	(1.48–4.18)*

	C/T
	+
	107
	(22.6)
	50
	(7.0)
	3.73
	(2.19–6.35)*
	
	110
	(23.2)
	23
	(3.2)
	19.21
	(10.90–33.85)*
	
	124
	(26.2)
	90
	(12.6)
	3.41
	(1.89–6.16)*

	C/C
	+
	13
	(2.7)
	4
	(0.6)
	3.90
	(0.99–15.37)
	
	18
	(3.8)
	2
	(0.3)
	33.21
	(7.35–150.15)*
	
	20
	(4.2)
	5
	(0.7)
	5.71
	(1.60–20.43)*

	SI
	
	
	
	
	−−
	
	
	
	
	
	
	1.98‡
	
	
	
	
	
	
	1.39‡
	


†Odd ratios were adjusted with age, ethnicity and another two substance use. *P < 0.05

‡Synergy index (SI) was evaluated for additive interaction model by Rothman’s synergy index.

	Table 4 Combined aORs with regard to GDF15 3′-UTR genetic variants and substance use of ABC on the subsites of SCCHN

	Genetic
variant
	Substance
use
	Alcohol drinking
	
	Betel-quid chewing
	
	Cigarette smoking

	
	
	Cases/Controls
	aOR† (95% CI)
	
	Cases/Controls
	aOR† (95% CI)
	
	Cases/Controls
	aOR† (95% CI)

	Oral cancer

	rs1054564
	
	
	
	
	
	
	
	
	
	
	
	

	G/G
	–
	57/342
	1.00 
	
	
	34/425
	1.00 
	
	
	20/255
	1.00 
	

	C/G
	–
	22/158
	1.27 
	(0.66-2.43)
	
	17/185
	1.36 
	(0.73-2.54)
	
	9/118
	0.94 
	(0.37–2.33)

	C/C
	–
	7/11
	5.30 
	(1.35–20.87)*
	
	2/13
	2.53 
	(0.51–12.46)
	
	1/10
	2.21 
	(0.26–18.50)

	G/G
	+
	168/153
	2.08 
	(1.30–3.32)*
	
	191/70
	20.75 
	(12.68–33.94)*
	
	205/240
	2.27 
	(1.25–4.11)*

	C/G
	+
	69/49
	2.52 
	(1.37–4.62)*
	
	74/22
	23.42 
	(12.46–44.03)*
	
	82/89
	3.01 
	(1.53–5.91)*

	C/C
	+
	8/4
	1.74 
	(0.41–7.31)
	
	13/2
	42.02 
	(8.92–198.04)*
	
	14/5
	5.04 
	(1.24–20.43)*

	SI‡
	
	
	—
	
	
	
	1.93‡
	
	
	
	1.63‡
	

	rs1054221
	
	
	
	
	
	
	
	
	
	
	
	

	T/T
	–
	57/341
	1.00 
	
	
	34/424
	1.00 
	
	
	20/254
	1.00 
	

	C/T
	–
	22/159
	1.26 
	(0.66–2.43)
	
	17/186
	1.36 
	(0.73–2.54)
	
	9/119
	0.93 
	(0.37–2.32)

	C/C
	–
	7/11
	5.29 
	(1.35–20.83)*
	
	2/13
	2.53 
	(0.51–12.46)
	
	1/10
	2.20 
	(0.26–18.45)

	T/T
	+
	169/152
	2.12 
	(1.33–3.38)*
	
	192/69
	21.11 
	(12.90–34.56)*
	
	206/239
	2.30 
	(1.27–4.16)*

	C/T
	+
	68/50
	2.39 
	(1.31–4.37)*
	
	73/23
	22.21 
	(11.87–41.54)*
	
	81/90
	2.89 
	(1.47–5.69)*

	C/C
	+
	8/4
	1.74 
	(0.41–7.30)
	
	13/2
	41.99 
	(8.91–197.88)*
	
	14/5
	5.03 
	(1.24–20.41)*

	SI
	
	
	—
	
	
	
	1.89‡
	
	
	
	1.62‡
	

	Pharyngeal cancer

	rs1054564
	
	
	
	
	
	
	
	
	
	
	
	

	G/G
	–
	9/342
	1.00 
	
	
	16/425
	1.00 
	
	
	5/255
	1.00 
	

	C/G
	–
	2/158
	0.71 
	(0.14–3.49)
	
	4/185
	0.76 
	(0.24–2.39)
	
	3/118
	0.96 
	(0.21–4.49)

	C/C
	–
	1/11
	4.11 
	(0.33–51.37)
	
	0/13
	—
	
	0/10
	—

	G/G
	+
	55 / 153
	5.63 
	(2.54-12.49)*
	
	48 / 70
	8.89 
	(4.393-17.98)*
	
	59 / 240
	2.32 
	(0.82-6.58)

	C/G
	+
	24 / 49
	7.91 
	(3.17-19.75)*
	
	22 / 22
	14.05 
	(5.858-33.71)*
	
	23 / 89
	3.03 
	(0.97-9.50)

	C/C
	+
	2 / 4
	4.35 
	(0.60-31.36)
	
	3 / 2
	17.31 
	(2.465-121.56)*
	
	3 / 5
	3.17 
	(0.47-21.44)

	SI
	
	
	—
	
	
	
	—
	
	
	
	—
	

	rs1054221
	
	
	
	
	
	
	
	
	
	
	
	

	T/T
	–
	9 / 341
	1.00 
	
	
	16/424
	1.00 
	
	
	5/254
	1.00 
	

	C/T
	–
	2/159
	0.71 
	(0.14-3.51)
	
	4/186
	0.76 
	(0.24-2.39)
	
	3/119
	0.96 
	(0.21-4.47)

	C/C
	–
	1/11
	4.11 
	(0.33-51.57)
	
	0/13
	—
	
	0/10
	—

	T/T
	+
	54//152
	5.60 
	(2.52–12.43)*
	
	47//69
	8.84 
	(4.36–17.91)*
	
	58//239
	2.30 
	(0.81–6.51)

	C/T
	+
	26//50
	8.16 
	(3.30–20.22)*
	
	24//23
	14.66 
	(6.18–34.74)*
	
	25//90
	3.13 
	(1.00–9.76)*

	C/C
	+
	2//4
	4.35 
	(0.60–31.41)
	
	3//2
	17.38 
	(2.48–121.93)*
	
	3//5
	3.15 
	(0.47–21.34)

	SI
	
	
	—
	
	
	
	—
	
	
	
	—
	

	Laryngeal cancer

	rs1054564
	
	
	
	
	
	
	
	
	
	
	
	

	G/G
	–
	7//342
	1.00 
	
	
	11//424
	1.00 
	
	
	2//254
	1.00 
	

	C/G
	–
	7//158
	2.90 
	(0.87–9.64)
	
	7//186
	1.39 
	(1.37–1.42)
	
	2//119
	1.58 
	(0.21–11.75)

	C/C
	–
	1//11
	4.84 
	(0.32–74.26)
	
	2//13
	5.38 
	(5.19–5.58)
	
	1//10
	18.10 
	(1.26–261.14)*

	G/G
	+
	18//153
	3.10 
	(1.14–8.42)*
	
	14//69
	5.96 
	(5.88–6.04)
	
	23//239
	3.79 
	(0.81–17.79)

	C/G
	+
	13//49
	8.56 
	(2.82–26.00)*
	
	13//23
	20.69 
	(20.33–21.05)
	
	18//90
	12.10 
	(2.45–59.77)*

	C/C
	+
	3//4
	23.80 
	(3.59–157.93)*
	
	2//2 
	—
	
	3//5
	17.42 
	(2.00–151.97)*

	SI//SIM§
	
	
	3.84‡//1.59§
	
	
	—
	
	
	
	—
	

	rs1054221
	
	
	
	
	
	
	
	
	
	
	
	

	T/T
	–
	7//341
	1.00 
	
	
	11//425
	1.00 
	
	
	4//270
	1.00 
	

	C/T
	–
	7//159
	2.91 
	(0.88–9.66)
	
	13//283
	1.40 
	(1.37–1.42)
	
	14//283
	1.57 
	(0.21–11.72)

	C/C
	–
	1//11
	4.83 
	(0.31–74.14)
	
	2//69
	5.37 
	(5.18–5.57)
	
	2//70
	18.08 
	(1.25–260.97)*

	T/T
	+
	18//152
	3.11 
	(1.14–8.46)*
	
	11//39
	6.08 
	(6.00–6.17)
	
	10//39
	3.81 
	(0.81–17.86)

	C/T
	+
	13//50
	8.48 
	(2.79–25.79)*
	
	12//45
	24.14 
	(23.73–24.56)
	
	13//45
	12.05 
	(2.44–59.60)*

	C/C
	+
	3//4
	23.85 
	(3.59–158.20)*
	
	2//2
	—
	
	6//10
	17.47 
	(2.00–152.37)*

	SI//SIM
	　
	　
	3.85‡//1.59§
	　
	　
	—
	　
	　
	　
	—
	　

	†Odd ratios were adjusted with age, ethnicity and another two substance use. *P < 0.05

	‡Synergy index (SI) was evaluated for additive interaction model by Rothman’s synergy index.

	§Synergy index multiplicative (SIM) was evaluated for multiplicative interaction model by Khoury’s synergy index.


Supplementary figure. SNP discovery of the GDF15 gene from 20 pairs of SCCHN patients and controls in the study population
	Region
	Genotype frequencies
	
	Genotype frequencies

	5′ flanking region (promoter)

	–473TC

(rs12459782)

MAF- T: 0.32
	CC (52.8%)
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	CT (31.5%)
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	TT (16.7%)
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	–396CT

(rs57573498)


	CC (100%)
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	–119CT

(rs17526126)

MAF- T: 0.14
	CC (97.3%)
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	CT (2.7%)

[image: image6.png]



	
	–20CT

(rs77109188)
	CC (100%)

[image: image7.png]T T
GGGACTATAAAGGC|]GGICCGGCAGCATC




	
	

	Exon 1 (coding sequence)

	

	+57GC

(rs1059519)

MAF- G: 0.33
	CC (50.0%)

[image: image8.png]AAGAACTCAGGACHQIGAATGGCTCTCAG




	CG (35.0%)

[image: image9.png]AAGAACTCAGGACGGTGAATGGCTCTCAG




	GG (15.0%)

[image: image10.png]AAGAACTCAGGACGGTGAAT GGCTCTICAG




	+170GA

(rs6413435)

MAF- A: 0.13
	GG (97.5%)
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	GA (2.5%)

[image: image12.png]GGACCCTCAGAGTIIACACT CCGAAGACTC




	

	+174AT

(rs1059369)

MAF- T: 0.38
	TT (40.0%)
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	TA (45.0%)
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	AA (15.0%)

[image: image15.png]CCTCAGAGTTGCAQMCCGAAGACTCCAGA




	+195GT

(rs16982331)
	GG (100%)

[image: image16.png]ACTCCAGATTCCGAGAGTTGCGGARACGC




	
	

	Exon 2 (coding sequence)

	+56CT

(rs1059022)
	CC (100%)

[image: image17.png]CGEGCCGCCCTTCH]GAGGGGCTCCCCGA




	
	
	+143GT

(rs1804826)

MAF- T : 0.34
	GG (43.8%)

[image: image18.png]CTGCGGCGICAGCT




	GT (43.8%)
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	TT (12.4%)
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	+195CA

(rs3746195)
	CC (100%)

[image: image21.png]



	
	
	+200GA

(rs45586234)
	GG (100%)

[image: image22.png]



	
	


	+281GA

(rs45535632)
	GG (100%)

[image: image23.png]



	
	
	+327CG

(rs1058587)

MAF- T : 0.19
	CC (62.5%)

[image: image24.png]CGCGCAACG GGG AC/JACTGTCCGCTICGGG




	CG (37.5%)
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	+538CA

(rs11556750)
	CC (100%)
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	Region
	Genotype frequencies
	
	Genotype frequencies

	Exon 2 (3′-UTR)


	+689CG

(rs1055150)

MAF- T : 0.35
	GG (45.0%)

[image: image30.png]ACCTIGCGCGGGGGAGGCGACCTCAGTTGT




	GC (40.0%)

[image: image31.png]ACCTGCGCGGEGGGAGQGCGACCTCAGTTGT




	CC (15.0%)

[image: image32.png]ACCTGCGCGGGGGAQGCGACCTCAGTTGT





	+720GC

(rs1054564)

MAF- T : 0.14
	GG (75%)

[image: image33.png]TGCCCTGTIGGAATGGGCTCAAGGTTICCTG




	GC (22.5%)

[image: image34.png]



	CC (2.5%)

[image: image35.png]TGCCCTGTIGGAATGGGCTCAAGGTTICCT G




	+763TC

(rs1054221)

MAF- T : 0.14
	TT (75%)
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	TC (22.5%)
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	CC (2.5%)
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UTR: untranslated region; MAF: minor allele frequency.

Note: In total, 19 SNPs were discovered on the selected regions of the GDF15 gene by comparing the GDF15 SNP database from international populations at the HapMap Data Coordination Center (http://www.hapmap.org/). 
	Supplemetary table. PCR conditions for re-sequencing.
	
	

	Amplicon
	Base pair
	Forward primer
	Reverse primer
	Annealing temperature

	1
	756
	5′-AGCACCCTGCTTAGACTGGA-3′
	5′-GGAGCATCTGAGAGCCATTC-3′
	59°C

	2
	788
	5′-CAGCTGTGGTCATTGGAGTG-3′
	5′-CACACCCCCATTGTTTCTCT-3′
	64.5°C 

	3
	820
	5′-AAGCCATTCTTCTGCCTCAG-3′
	5′-CACATGGTCACTTGCACCTC-3′
	55°C 

	4
	789
	5′-ACTGCTGGCAGAATCTTCGT-3′
	5′-AACACCTTGCCACTCATTCC-3′
	57°C 
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