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Human DECI (deleted in esophageal cancer 1) gene is located on
chromosome 9q, a region frequently deleted in various types of
human cancers, including squamous cell carcinoma of the head
and neck (SCCHN). However, only one epidemiological study has
evaluated the association between DECI polymorphisms and can-
cer risk. In this hospital-based case—control study, four potentially
functional single-nucleotide polymorphisms —1628 G>A
(rs1591420), —606 T>C [rs4978620, in complete linkage disequi-
librium with —249T>C (rs2012775) and —122 G>A(rs2012566)],
¢.179 C>T p.Ala60Val (rs2269700) and 3’ untranslated region-
rs3750505 as well as the 7P53 tumor suppressor gene codon 72
(Arg72Pro, rs1042522) polymorphism were genotyped in 1111
non-Hispanic Whites SCCHN patients and 1130 age-and sex-
matched cancer-free controls. After adjustment for age, sex and
smoking and drinking status, the variant —606CC (i.e. —249CC)
homozygotes had a significantly reduced SCCHN risk (adjusted
odds ratio = 0.71, 95% confidence interval = 0.52-0.99) com-
pared with the —606TT homozygotes. Stratification analyses
showed that a reduced risk associated with the —606CC genotype
was more pronounced in subgroups of non-smokers, non-
drinkers, younger subjects (defined as <57 years), carriers of
the TP53 Arg/Arg (rs1042522) genotype, patients with oropharyn-
geal cancer or late-stage SCCHN. Further in silico analysis re-
vealed that the —249 T-to-C change led to a gain of a transcription
factor-binding site. Additional functional analysis showed that
the —249T-to-C change significantly enhanced transcriptional
activity of the DECI promoter and the DNA-protein-binding
activity. We conclude that the DECI promoter —249 T>C
(rs2012775) polymorphism is functional, modulating susceptibil-
ity to SCCHN among non-Hispanic Whites.

Introduction

Squamous cell carcinoma of the head and neck (SCCHN), including
cancers of the oral cavity, oropharynx, hypopharynx and larynx, is one
of the most commonly diagnosed cancer worldwide with about
400 000 new cases annually (1). Although the incidence and mortality
rates of SCCHN have decreased slightly in the last few decades in the
USA, ~49 260 new cases and 11 480 deaths of SCCHN occurred in
2010 (2).

SCCHN is a multifactorial disease, and its etiology involves inter-
actions of genetic variation with environmental factors. While exces-
sive tobacco smoking and alcohol consumption are the well-known
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risk factors for all SCCHN and oncogenic types of human papilloma-
virus (HPV) for the oropharyngeal subjects of SCCHN, the fact that
a substantial proportion of SCCHN patients were non-smokers or
non-drinkers indicates that genetic predisposition may play an impor-
tant role in the etiology of SCCHN, possibly due to polymorphisms in
genes involved in cell cycle regulation, DNA repair and apoptosis
(3-5). However, most of the major susceptibility genes of SCCHN
still remain to be elucidated.

The human DECI (deleted in esophageal cancer 1, also known as
CTS9) gene is located on chromosome 9q, spanning ~2.4 kb, and it
contains eight exons (National Center for Biotechnology Information
reference sequences, NCBI RefSeq). Several loss of heterozygosity
studies have reported frequent allelic deletions of chromosome 9q in
various types of human cancers, including cancers of the esophagus
(6,7), lung (8-10), head and neck (11-13) and urinary bladder (14-16).
These results suggest the presence of at least one tumor suppressor gene
(TSG) associated with development of these cancers may be located in
this region. Furthermore, previous studies showed that expression of
DEC1 was reduced or absent in esophageal cancer, and its in vitro and
in vivo tumor suppressive abilities were also observed (17-19). Al-
though the detailed biological function remains to be clarified,
DECI, as a candidate TSG for esophageal cancer, may play roles in
suppression of SCCHN development because these two cancers share
the same risk factors such as smoking.

As of May 2010, a total of 2542 variants in human DEC/ gene have
been reported according to the single-nucleotide polymorphism data-
base (dbSNP, http://www.ncbi.nlm.nih.gov/projects/SNP/). However,
only one epidemiological study has been conducted to investigate the
association between genetic polymorphisms of DECI and cancer risk
(20). To examine the association between those common (with minor
allele frequencies of at least 5%) and possibly functional DEC! sin-
gle-nucleotide polymorphisms (SNPs) and SCCHN susceptibility, we
first used the bioinformatics tool of SNP Function Prediction
(FuncPred, http://snpinfo.niehs.nih.gov/snpfunc.htm) to identify their
potential functional relevance. As a result, four potential regulatory
SNPs, namely 5’ untranslated region (UTR): —1628 G>C
(rs1591420) and —606 T>C [rs4978620, tagging both of —249
T>C (rs2012775) and —122 G>A (rs2012566) with complete link-
age disequilibrium]; exon 7: 179 C>T (rs2269700) and 3" UTR:
c.”170G>A (rs3750505), were chosen to be genotyped in 1111
non-Hispanic Whites SCCHN patients and 1130 age-and sex-matched
cancer-free controls.

We also genotyped the 7P53 tumor suppressor gene codon 72 poly-
morphism (Arg72Pro, rs1042522), which has been reportedly associ-
ated with susceptibility to tobacco-related cancers (21-23), to
evaluate its joint effect with the DECI SNPs. High-order interactions
between genetic and environmental factors for SCCHN risk were
further evaluated using the classification and regression tree (CART)
methodology. Finally, we performed laboratory experiments to ana-
lyze functional relevance/significance of any of the regulatory SNPs
found to be associated with SCCHN risk.

Materials and methods

Study subjects and sample collection

The recruitment of study subjects for the present study was described pre-
viously (24). Briefly, during an 8 years period between October 1999 and
October 2007, patients with newly diagnosed, histopathologically confirmed
SCCHN were consecutively recruited at The University of Texas . D. Anderson
Cancer Center. Patients who had received prior surgery (other than diagnostic
biopsies), chemotherapy or radiation therapy before recruitment, any blood
transfusion during the preceding 6 months, any malignancies other than
SCCHN, second SCCHN primary tumors, primary tumors of nasopharynx or
sinonasal tract or primary tumors outside the upper aerodigestive tract
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were excluded. An additional 1130 age- (+within 5 years) and sex-matched,
self-reported cancer-free controls, who agreed to participate in the study, were
also enrolled during the same period from those hospital visitors who were not
seeking health care but accompanying other cancer patients to our outpatient
clinics. The controls were frequency matched to cases by age (+within 5 years),
sex and ethnicity and were not genetically related to the cases or one another
included in this study. Because the expected differences in genotype frequen-
cies between ethnic groups, the few minority patients enrolled were excluded
from the analysis. Thus, our final analysis included 1111 SCCHN patients and
1130 controls of non-Hispanic Whites.

During an in-person survey, all potential subjects were interviewed to iden-
tify their willingness to participate in research studies and to collect their
demographic and risk factors information, such as age, sex, ethnicity and the
history of tobacco and alcohol consumption using a standardized, structured
questionnaire (25). Among those subjects who we had been contacted
for interview and recruitment, the response rates for SCCHN patients and
cancer-free controls were ~92 and 85%, respectively. Each subject provided
a one-time 30 ml venous blood samples (after the diagnosis and before the
initiation of treatment for the cases), and samples were kept frozen till DNA
extraction for genotyping. An informed consent was obtained from all recruited
individuals, and the research protocol was approved by the M. D. Anderson
Institutional Review Board.

Selection of potential functional polymorphisms

We first used the computational tool of SNP Function Prediction (FuncPred,
http://snpinfo.niehs.nih.gov/snpfunc.htm) to select any SNP with any of the
following predicted functionalities: (i) affecting transcription factor-binding
sites (TFBSs) activity in the putative promoter region (here, we defined as
2 kb upstream from the first exon), (ii) the introduction of premature termi-
nation codons, (iii) single-amino-acid substitutions or changing the frame of
the protein-coding region, resulting in alteration of protein structures or
properties or (iv) affecting the microRNA-binding sites activity. After we
limited the SNPs to those with minor allele frequency >5% in Hapmap CEU
population, six potential functional SNPs (of a total 15 SNPs) were identified,
that is —1628 G>C (rs1591420), —606 T>C (rs4978620), —249 T>C
(rs2012775) and —122 G>A (152012566), c.179 C>T p.Ala60Val
(rs2269700) and ¢.*170G>A (rs3750505). In a small subset of our study pop-
ulation (n = 100), we found that the three SNPs —606 T>C (rs4978620), —249
T>C (1s2012775) and —122 G>A (rs2012566) were in complete linkage
disequilibrium (/2 = 1); thus, only —606 T>C (rs4978620) was selected for
further genotyping.

Genotyping of DECI polymorphisms

The genomic DNA was extracted from peripheral blood leukocytes using the
DNA Blood Mini Kit (Qiagen, Valencia, CA), according to the protocol of the
manufacturer. The quantification of DNA was determined using a Nanodrop
analyzer (ND-1000) spectrophotometer (Nano Drop Technologies, Wilmington,
DE).

Among the four selected SNPs, two SNPs [c.179 C>T p.Ala60Val
(rs2269700) and c.*170G>A (rs3750505)] were genotyped using the TagMan
assays (Applied Biosystems, Foster City, CA) and the other two DECI pro-
moter SNPs, —1628 G>C (rs1591420), —606 T>C (rs4978620) was geno-
typed using the SNPlex genotyping system (Applied Biosystems) in the DNA
Core Lab at M. D. Anderson Cancer Center. The data of genotypes from the
SNPIlex assays were analyzed by the GeneMapper Software (version 4.0; Ap-
plied Biosystems). The method of polymerase chain reaction (PCR)-restriction
fragment length polymorphism was also used in a subsequent effort to obtain
the missing genotyping data for samples failed in the SNPlex assays (11% of
all samples). Briefly, PCR was used to amplify the target fragments containing
the twopromoter SNPs using primers sequence as follows: (i) —1628G>C
(forward) 5'-TGTAAATATAAGATGCTAACAAAATC-3' and (reverse)
5'-CATTCAGAGAAGCATTTCTAAT-3" and (ii) —606T>C (forward)
5'-TGTTAAATCTGGAATGAACTTCAGA-3' and (reverse) 5'-TCAATCA-
CAACATGCTTTCCTAC-3'. The PCRs were performed using 35 cycles with
an annealing temperature of 57°C (for —1628 G>C) and 60°C (for —606
T>C). After digested with Taqgl restriction enzyme (New England Biolabs,
Beverly, MA) at 65°C overnight, the 158 bp PCR products containing
the —1628G>C site were cleaved into 131 and 27 bp fragments in the presence
of C allele, whereas G alleles remained uncut. Similarly, the 165 bp PCR
products containing —606 T>C site were cleaved into 139 and 26 bp fragments
in the presence of T alleles, whereas C allele remained uncut after digested
with EcoRV (New England Biolabs) at 37°C overnight. For these two SNPs,
we randomly selected ~10% of the samples and repeated with the PCR—
restriction fragment length polymorphism method for confirmation, and the
error rate was <1%. Those samples (one case and six controls) with either
failed genotyping results in all selected SNPs or inconsistent results in repeated
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genotyping assays were further excluded from the final analysis. All outputs of
genotype results were incorporated into Microsoft Excel 2003 spreadsheets for
further statistical analysis.

Construction of promoter—reporter plasmids

Genomic DNA of both common and variant homozygous for the SNPs of —606
T>C (i.e. =249 T>C and —122 G>A) were amplified by PCR using specific
forward primer 5'-AAGGTACCCAGAATGATTTGCTGCAAGG-3' con-
tained a Kpnl site and reverse primer 5'-AAGCTAGCGCCAGGGTGAGG-
TAGAAACA-3’ contained a Nhel sites (the underlined sequence represented
each restriction enzyme site). To generate the luciferase reporter plasmid
DECI-Leu, the 1202 bp fragment (from —1178 to +24 bp relative to
the transcription start site) of the DECI/ putative promoter region
containing —606 T or C was cloned into a Kpnl-Nhel-digested pGL3-Basic
firefly luciferase vector (Promega, Madison, WI). After cloning, the plasmids
were sequenced to confirm the orientation and integrity in both of allelic
reporter constructs.

Cell culture, transient transfection and luciferase reporter assay

The human colon cancer cell line HCT116 (a gift from Dr Bert Vogelstein of
John Hopkins University School of Medicine) and head and neck carcinoma
cell line MDA-1386Ln (a gift from Dr Jeffrey N.Myers of M. D. Anderson)
were routinely maintained in 1x Dulbecco’s modified Eagle’s medium, and
head and neck carcinoma cell lines UM-SCC-17B and UM-SCC-22A (a gift
from Dr Reuben Lotan of M. D. Anderson) were regularly cultured in Dulbec-
co’s modified Eagle’s medium/F-12 medium, supplemented with 10% fetal
bovine serum (Sigma—Aldrich, St Louis, MO) at 37°C in a humidified,
5% CO, incubator. A total of 2 x 10> cells for HCT116, UM-SCC-17B and
UM-SCC-22A and 1 x 10° cells for MDA-1386Ln were seeded onto each well
of the 24-well plates and transiently transfected with 1.0 pg of plasmid DNA
with both of common and variant of —606 T>C/—249T>C/—122 G>A re-
porter constructs using FuGENE HD Transfection Reagent (Roche Applied
Science, Indianapolis, IN) according to the manufacturer’s protocol. As a trans-
fection efficiency internal control, all plasmids were co-transfected with 20 ng of
p-TK renilla luciferase (pRL-TK) (Promega). After 48 h of incubation, the cells
were lysed in 100 pl of lysis buffer, and 20 pl of the supernatant was then
measured for luciferase activities with a dual-luciferase reporter assay system
(Promega) and normalized by the activity of Renilla luciferase. The data was
expressed as mean =+ standard errors of at least three replicates obtained from
three independent experiments.

Identification of putative TFBS

The flanking sequences (~40 bp) of the promoter SNPs —606 T>C/—249
T>C/—122 G>A were all analyzed for the presence of predicted TFBSs
by using computational tools of Transcription Element Search System
(TESS, http://www.cbil.upenn.edu/cgi-bin/tess/tess) and TF search (http:/
www.cbre.jp/research/db/TFSEARCH). The putative functional impact of this
promoter SNP(s) on TFBSs was assessed by identifying any formation of
a new TFBS or loss of a TFBS due to the base pair change. By this in silico
analysis, we identified that the —249 T-to-C change would completely gain
a TFBS.

Nuclear extract preparation and electrophoretic mobility shift assay

Nuclear proteins were extracted from human head and neck carcinoma
cell lines UM-SCC-17B and UM-SCC-22A as described previously (26).
Probes comprising the sequence from —268 to —230 with complementary
strands corresponding to —249 T allele (common) and —249 C allele (variant)
were 5'-TAAATTTGGTAACATTTGCAACTGGAAAAT-3" and 5'-TAAAT-
TTGGTAACACTTGCAACTGGAAAAT-3" (the -249 position is highlighted
in italics).  Single-stranded synthetic oligonucleotides were biotin-labeled
using the 3’-end biotin labeling kit (Thermo Scientific, Rockford, IL) and
re-annealed to double strand and identical but unlabeled oligonucleotides with
the same sequences were used as competitors.

The EMSA assay was performed using the LightShift Chemiluminescent
electrophoretic mobility shift assay kit (Thermo Scientific) according to the
experimental procedures provided by the manufacturer. Briefly, 10 pg of nu-
clear protein extracts were incubated with 3’ biotin-labeled at room tempera-
ture for 30 min. The specificity of the Nkx-2.5 and DNA-binding activity was
determined by adding a 50-fold excess of unlabeled oligonucleotides for com-
petition reactions. DNA—protein complexes were subsequently fractionated on
a non-denaturing 6% polyacrylamide gel and transferred onto a 0.45 pum nylon
membrane (Thermo Scientific). After blocking, the membrane was incubated
with LightShift stabilized streptavidin—horseradish peroxidase conjugate and
developed using the luminol/enhancer and stable peroxide solutions included
in the kit (Thermo Scientific). The Nkx-2.5 and DNA complexes were visual-
ized by exposure of the membrane to X-ray film. Supershift experiments were
performed by adding anti-Nkx-2.5 antibodies (Santa Cruz biotechnology, Santa
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Cruz, CA) or non-specific rabbit IgG (Santa Cruz Biotechnology). NKE-2, the
highly conserved Nkx-2.5 response element in the proximal region of the
cardiac atrial natriuretic factor promoter (27,28), was used as a positive control
for Nkx-2.5 binding (Nkx-2.5 consensus binding sequence: 5'-CCTTTG-
AAGTGGGGGCCTCTTGAGGCAA-3").

Statistical analysis

Chi-square or Fisher’s exact test (when an expected cell count was <5) were
computed to test the differences in the distribution of category variables, in-
cluding demographic characteristics, smoking and drinking status, DEC/
genotype/allele frequencies between cases and controls. The deviation from
Hardy—Weinberg equilibrium among controls was tested by chi-square good-
ness-of-fit test, and the linkage disequilibrium coefficient > for each of the
SNP pairs was also examined. We reconstructed haplotypes for the DEC/
promoter SNPs using the PHASE program described previously (29,30), and
Pearson’s chi-square test was performed to test for the difference in haplotype
distributions between cases and controls. To assess the association between
DECI genotypes/haplotypes and disease status, the crude and adjusted odds
ratios (ORs) with the 95% confidence intervals (95% Cls) were estimated using
unconditional logistic regression analyses. Additional stratified analyses of
associations of DECI genotypes with SCCHN risk by subgroups of age, sex,
smoking and drinking status and tumor sites were also performed, followed by
analyses of gene—environment interactions, which were evaluated by the
P value for the interaction term in multivariate logistic regression models with
adjustment for age, sex, smoking and drinking status. Cochran-Mantel-
Haenszel chi-square test was carried out to examine the homogeneity and trend
of ORs across strata of each variable, after controlling for possible confound-
ing effects of age and sex. The statistical significance of fold induction between
tworeporter constructs in different cancer cell lines was calculated and tested
using Student’s #-test.

To identify groups with a higher probability of developing SCCHN and
evaluate higher-order interactions between genetic and environmental factors,
we performed the nonparametric CART analysis using the CART software
(version 5.0; Salford systems, San Diego, CA) described elsewhere (31,32).
Briefly, the CART method builds a decision tree based on binary recursive
partitioning to identify subgroups at higher risk (33). The recursive-partition-
ing algorithm starts with the root node that contains all the subjects’ data and
uses a statistical hypothesis-testing method to determine the first optimal split
with the smallest multiplicity-adjusted P value (<0.05) for the root node. The
branch of the decision tree was pruned, if there was no statistically significant
split for each subsequent node or there were less than the pre-specified min-
imum size in the terminal nodes. The reference was the one with the lowest
percentage of SCCHN cases. The higher-order interactions of genetic and
environmental factors identified by the CART were further analyzed using
the multivariate logistic regression to calculate the adjusted ORs and 95%
ClIs in each terminal node of the tree. All statistical tests were two sided with
a statistical significance level of a P value <0.05. Data were analyzed using
Statistical Analysis System/Genetics software program (SAS/STAT version
9.1.3; SAS Institute Inc., Cary, NC).

Results

Characteristics of the study population

We examined associations between the studied DEC/ SNPs and risk
of SCCHN in 1111 cases (mean age + standard deviation: 57.1 +
11.1 years; range18-90 years) and 1130 controls (56.8 + 11.0 years;
range 20-87 years) of non-Hispanic Whites. The distribution of
demographic characteristics of all subjects is shown in Table I.
The cases and controls were adequately matched by age and sex
(P = 0.419 and 0.671, respectively). However, there were more
current-smokers (38.0 versus 14.6%, P < 0.0001) and drinkers
(50.9 versus 40.3%, P < 0.0001) among cases than controls. There-
fore, these variables were further adjusted for in subsequent multi-
variate analyses. Among patients with primary tumors included in
the analysis, 560 (50.4%) had oropharyngeal cancers (the site hav-
ing the strongest association with HPV infection), 323 (29.1%) had
oral cancers and 216 (19.9%) had laryngeal cancers (including 43
hypopharyngeal cancers) (Table I).

Association between DEC1 SNPs and risk of SCCHN

The allele and genotype distributions of the studied DECI SNPs are
presented in Table II. All observed genotype distributions among
controls were in agreement with Hardy—Weinberg equilibrium (all
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Table I. Frequency distribution of demographic characteristics of SCCHN
cases and cancer-free controls

Variables Cases, No. (%)  Controls, No. (%) P value®
Total subjects 1111 (100.0) 1130 (100.0)
Ethnicity
Non-Hispanic Whites 1111 (100.0) 1130 (100.0)
Age group (years)
Range, median 18-90, 57 20-87, 57
Mean + SD 57.1 £ 11.1 56.8 £ 11.0 0.419
<50 303 (27.3) 318 (28.1) 0.648
50-57 290 (26.1) 270 (23.9)
57-65 274 (24.7) 294 (26.0)
>65 244 (22.0) 248 (22.0)
Sex 0.671
Female 274 (24.7) 270 (23.9)
Males 837 (75.3) 860 (76.1)
Smoking status <0.0001
Never 308 (27.7) 553 (48.9)
Former 381 (34.3) 412 (36.5)
Current 422 (38.0) 165 (14.6)
Alcohol status <0.0001
Never 304 (27.4) 494 (43.7)
Former 242 (21.8) 181 (16.0)
Current 565 (50.9) 455 (40.3)
Tumor sites”
Oral cavity 323 (29.1) —
Oropharyngeal 560 (50.4) —
Hypopharyngeal 43 (3.9) —
Larynx 173 (15.6) —
Clinical stage®
Stage 1 119 (10.7) —
Stage 11 157 (14.1) —
Stage III 190 (17.1) —
Stage IV 644 (58.0) —

*Two-sided y? test for categorical variables or #-test for a continuous variable.
"Excluded subjects with nose/paranasal sinus and multiple sites.

“The numbers for clinical stage may not add up to the total numbers due to the
missing information from some subjects.

P > 0.05). When the DECI —606TT genotype was used as the ref-
erence, the —606CC homozygous genotype was found to be associ-
ated with a significantly reduced risk of SCCHN (adjusted OR = 0.71;
95% CI = 0.52-0.99) after adjustment for age, sex, smoking and
drinking status. For variant genotypes of other SNPs, however, no
significantly altered SCCHN risk was observed compared with their
common genotypes (GG for rs1591420, TT for rs2269700, GG for
rs3750505 and GG for TP53 codon 72 (Table II). In the haplotype
analysis, we did not observe any statistically significant association
between six common haplotypes (frequencies > 5%) of these four
independent SNPs (rs1591420, rs4978620, rs2269700 and rs3750505)
and risk of SCCHN (global test P = 0.946, data not shown). In the
stratified analysis, the association between DECI —606T>C SNP and
SCCHN risk was further evaluated by subgroups of age, sex, smoking
and drinking statuses, tumor sites and tumor stages. As shown
in Table III, a reduced risk associated with the —606CC genotype
was particularly more pronounced in strata of non-smokers (adjusted
OR = 0.48, 95% CI = 0.26-0.89), non-drinkers (adjusted OR = 0.55,
95% CI = 0.32-0.95), younger subjects (defined as subjects < 57
years, adjusted OR = 0.63, 95% CI = 0.41-0.97), carriers of TP53
codon 72 (rs1042522) Arg/Arg genotypes (adjusted OR = 0.61,
95% CI = 0.39-0.94), patients with oropharyngeal cancer (adjusted
OR = 0.64, 95% CI = 0.43-0.95) and patients with late-stage SCCHN
(Stage IV, adjusted OR = 0.68, 95% CI = 0.47-0.98). These results
suggested potential interactions between age, smoking and drinking
status, TSG TP53 and the DECI —606T>C SNP in the etiology of
SCCHN. However, there was no statistical evidence in further multi-
variate logistic regression models to support an interaction between
DEC] variant genotypes and these risk factors on SCCHN risk (all
P > 0.05, Table III).
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Table II. Genotypes distribution of the DEC! polymorphisms among SCCHN cases and cancer-free controls and their associations with SCCHN risk

Genotypes Cases, No. (%) Controls, No. (%) P value Crude OR (95% CI) Adjusted OR (95% CI)*

All subjects 1111 (100.0) 1130 (100.0)

DECI —1628 G>C (rs1591420) 0.526"
GG 1008 (91.8) 1021 (91.6) 1.00 1.00
CG 89 (8.1) 90 (08.1) 1.00 (0.74-1.36) 1.03 (0.75-1.42)
CcC 1(0.1) 4(0.4) 0.25 (0.03-2.27) 0.33 (0.03-3.16)
CG + CC 90 (8.2) 94 (8.4) 0.842° 0.97 (0.72-1.31) 1.00 (0.73-1.37)
C allele frequency ) 0.041 0.044 0.680¢

DECI —606 T>C (rs4978620)" 0.267°
TT 529 (47.7) 537 (47.5) 1.00 1.00
CT 492 (44.3) 481 (42.6) 1.04 (0.87-1.24) 0.95 (0.79-1.14)
CcC 89 (08.0) 112 (09.9) 0.81 (0.60-1.09) 0.71 (0.52-0.99)
TT + CT 1021 (92.0) 1018 (90.1) 0.117° 0.79 (0.59-1.06) 0.73 (0.54-0.99)
C allele frequency 0.302 0.312 0.462¢

DECI T>C (Ala— Val, 1s2269700) 0.127°
TT 403 (37.7) 429 (38.8) 1.00 1.00
CT 522 (48.8) 499 (45.2) 1.11 (0.93-1.34) 1.11 (0.92-1.35)
CcC 144 (13.5) 177 (16.0) 0.87 (0.67-1.12) 0.87 (0.66-1.14)
TT + CT 925 (86.5) 928 (84.0) 0.094° 0.82 (0.64-1.04) 0.82 (0.64-1.05)
C allele frequency 0.379 0.386 0.629¢

DECI G>A (rs3750505) 0.731°
GG 859 (78.2) 882 (78.9) 1.00 1.00
AG 221 (20.1) 222 (19.9) 1.02 (0.83-1.26) 1.10 (0.88-1.36)
AA 18 (1.7) 11 (1.2) 1.32 (0.65-2.67) 1.46 (0.70-3.03)
AG + AA 239 (21.8) 236 (21.1) 0.706° 1.04 (0.85-1.27) 1.12 (0.90-1.38)
A allele frequency 0.117 0.112 0.585¢

TP53 Arg72Pro (151042522 G>C) 0.307°
GG 576 (54.7) 617 (54.6) 1.00 1.00
CG 398 (37.8) 445 (39.4) 0.96 (0.80-1.14) 0.96 (0.79-1.15)
CcC 80 (07.6) 68 (06.0) 1.26 (0.90-1.78) 1.28 (0.89-1.83)
C allele frequency 0.265 0.257 0.566°

Statistically significant results (P < 0.05) are highlighted in bold.

%ORs were obtained from logistic regression models with adjustment for age, sex, smoking and alcohol status.

PFisher’s exact test for the distribution of three genotypes.
“Two-sided y? test for distribution of combined genotypes.
9Two-sided %2 test for allele difference between cases and controls.
“Two-sided y? test for the distribution of three genotypes.

"SNP 154978620 was in complete linkage disequilibrium with rs4978620 and rs2012566.

CART analysis of the interactions of genetic and environmental
factors with SCCHN risk

The final tree structure generated by CART analysis was presented in
Figure 1, which included environmental variables (smoking and drinking
status) and genotypes of two SNPs (DECI —606T>C and TP53 Arg72-
Pro G>C) that were found either to be significantly associated with
SCCHN risk or has been suggested to be associated with susceptibility
to tobacco-related cancers. The first split on the decision tree was smoking
status, confirming that smoking status was the most influential predictor
for SCCHN risk among those factors considered in this study population.

We observed additional two distinct patterns of SCCHN risk in the
tree structure, resulting five terminal nodes (groups 1 to 5) flanking
the tree. The subsequent models were made for each of the never-
smokers or ever smokers separately, suggesting that the most impor-
tant risk factor was the genetic factor of the DECI —606T>C SNP in
never-smokers, but was drinking status in ever smokers (Figure 1).
Never-smokers with the variant DECI] —606CC genotype exhibited
the lowest percentage of SCCHN cases (group 1, 14 cases in the 64
subjects). The final CART model was made for two groups of subjects
with common genotypes (—606CT+TT): those who carried TP53
Arg72Pro GG (group 2; OR = 2.07,95% CI = 1.11-3.87) or CG+CC
genotypes (group 3; OR = 1.70, 95%CI = 0.90-3.22). Using node 1
as the reference group, the subgroup of ever smokers and ever drinkers
exhibited the highest risk of SCCHN development (group 5, OR = 6.13,
95%CI = 3.34-11.24), with a 63.1% (653/1035) case ratio.

The promoter SNP —249 T>C affected the DECI promoter activity

To identify the allele-specific effect of the —249 T>C SNP on the
DECI promoter activity, we constructed two different luciferase

reporter plasmids (common and variant alleles), containing 1202 bp
fragment (from —1178 to +24 bp relative to the transcription start
site) of the DECI promoter region (Figure 2A). The transfection
experiments showed that the plasmid containing the protective variant
C allele exhibited significantly approximately 35-60% increased lu-
ciferase expression than that with the common T allele in two human
head and neck cell lines MDA-1386Ln and UM-SCC-22A and a colon
cancer cell line HCT116 (all P < 0.05; Figure 2B), indicating that the
allelic T-to-C change at the —249 site in the DEC/ promoter resulted
in increased promoter activity in a non-tissue specific manner.

The —249 T-to-C allelic change enhanced transcription factor affinity
to the promoter

To determine whether the DECI —249 T>C SNP alters the binding
ability of any transcriptional factor, we used two computational tools
of TF Search and TESS to predict the potential TFBS(s) in the flank-
ing region of this SNP. Base on the in silico analysis, we found that
the —249 T-to-C allelic change would gain a putative Nkx-2.5-binding
site (—251 to —245), which may have a functional impact on DECI1
regulation. The schematic diagram of predicted Nkx-2.5-binding
motif from computational tool TESS is presented in Figure 3A.
Therefore, we performed EMSA to verify whether the —249T>C
SNP may affect the TF-binding affinity to the DECI promoter and
subsequently cause altered transcription. As shown in Figure 3B, the
nuclear proteins derived from UM-SCC-22A cells were able to bind to
both probes containing either the —249T or —249C alleles, and the
biotin-labeled probes with the variant —249C allele had a significantly
stronger binding capacity to the nuclear protein extracts than those
with —249T allele (Figure 3B, lanes 2 versus lane 6). Competition
assays showed that the formation of the DNA—protein complexes was
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Table III. Stratification analysis of the association between DEC/ -249 T > C SNP and SCCHN risk

Variables DEC] (rs4978620 T>C)

(Cases/Controls) P? OR (95% CI) P
TT+CT CC TT+CT (ref) versus CC
No. % No. % Crude Adjusted”

All subjects 1021/1018 92.0/90.1 89/112 8.0/9.9 0.117 0.79 (0.59-1.06) 0.73 (0.54-0.99)

Age (median) 0.796
<57 548/527 92.6/89.6 44/61 7.4/10.4 0.076 0.69 (0.46-1.04) 0.63 (0.41-0.97)
>57 437/491 91.3/90.6 45/51 8.7/9.4 0.682 0.92 (0.60-1.40) 0.89 (0.56-1.40)

Sex 0.991
Female 255/249 93.1/92.2 19/21 6.9/7.8 0.706 0.88 (0.46-1.68) 0.62 (0.31-1.26)

Male 766/769 91.6/89.4 70/91 8.4/10.6 0.121 0.77 (0.56-1.07) 0.76 (0.54-1.06)

Smoking status
Never 293/503 95.4/91.0 14/50 4.6/9.0 0.016 0.48 (0.26-0.89) 0.48 (0.26-0.89)

Former 348/367 91.3/89.1 33/45 8.7/10.9 0.286 0.77 (0.48-1.24) 0.80 (0.49-1.29) 0.433
Current 380/148 90.0/89.7 42/17 10.0/10.3 0.899 0.96 (0.53-1.74) 0.96 (0.52-1.78) 0.176

Drinking status
Never 284/440 93.4/89.1 20/54 6.6/10.9 0.040 0.57 (0.34-0.98) 0.55 (0.32-0.95)

Former 222/161 91.7/88.9 20/20 8.3/11.1 0.333 0.73 (0.38-1.39) 0.64 (0.33-1.26) 0.677
Current 515/417 91.3/91.6 49/38 8.7/8.4 0.849 1.04 (0.67-1.63) 0.95 (0.59-1.53) 0.495

TP53 (codon 72) 0.070
Arg/Arg 537/557 93.2/90.3 39/60 6.8/9.6 0.065 0.64 (0.44-1.03) 0.61 (0.39-0.94)

Arg/Pro+ Pro/Pro 431/461 90.4/89.9 46/52 9.6/10.1 0.795 0.95 (0.62-1.44) 0.89 (0.57-1.40)

Tumor site —
Oral cavity 295/1018 91.3/90.1 28/112 8.7/9.9 0.504 0.86 (0.56-1.33) 0.87 (0.55-1.40)
Oropharynx 521/1018 93.2/90.1 38/112 6.8/9.9 0.034 0.66 (0.45-0.97) 0.64 (0.43-0.95)
Hypopharynx + larynx 196/1018 90.7/90.1 20/112 9.3/9.9 0.768 0.93 (0.56-1.53) 0.85 (0.49-1.49)

TNM stage —

I 108/1018 90.8/90.1 11/112 9.2/9.9 0.816 0.93 (0.48-1.77) 0.91 (0.47-1.77)
I 143/1018 91.1/90.1 14/112 8.9/9.9 0.694 0.89 (0.50-1.59) 0.91 (0.50-1.67)
I 173/1018 91.0/90.1 17/112 9.0/9.9 0.679 0.89 (0.52-1.53) 0.85 (0.49-1.49)
v 596/1018 92.7/90.1 47/112 7.319.9 0.065 0.72 (0.50-1.02) 0.68 (0.47-0.98)

Nodal stage
No 372/1018 91.4/90.1 35/112 8.6/9.9 0.440 0.86 (0.58-1.23) 0.82 (0.54-1.26)

N3 648/1018 92.3/90.1 54/112 7.719.9 0.108 0.76 (0.54-1.06) 0.71 (0.50-1.01)

Tumor stage
T 623/1018 91.3/90.1 59/112 8.7/9.9 0.374 0.86 (0.62-1.20) 0.83 (0.59-1.17)

Ts4 397/1018 93.0/90.1 30/112 7.019.9 0.078 0.69 (0.45-1.05) 0.64 (0.41-1.01)

Statistically significant results (P < 0.05) are highlighted in bold.
P value of the comparison with a two-sided y? test.

"ORs were obtained from a logistic regression model with adjustment for age, sex, smoking and alcohol status accordingly.
°P;,: P value of a chi-square test for the cross product of two variables with adjustment for age, sex, smoking and drinking status in the logistic regression model.

completely eliminated by the 50-fold excess of unlabeled probes con-
taining either —249T or —249C alleles (lanes 3, 4, 7 and 8), suggest-
ing that these binding activities are specific between our designed
DNA sequences and nuclear proteins. Similar results were also ob-
served in assays with nuclear proteins extracted from the UM-SCC-
17B cell line (data not shown).

To further characterize whether the Nkx-2.5 differentially binds to
the surrounding sequences near DECI —249T or —249C alleles, gel
supershift experiments were further performed by adding anti-Nkx-2.5
antibodies or non-specific rabbit IgG as control antibodies. However,
we were unable to detect Nkx-2.5-specific binding to the promoter seq-
uence around SNP —249 T>C because the DNA—protein complex
bands formed in EMSA were neither partially abolished nor supershifted
by anti-Nkx-2.5 antibodies (Figure 3C, lanes 2 and 3).

Discussion

In this hospital-based case—control study, we presented statistical ev-
idence that the DECI promoter variant —606CC (i.e. —249CC) ge-
notype was significantly associated with a reduced risk of developing
SCCHN in non-Hispanic Whites. Stratification analyses showed that
the protective effect was more evident in subgroups of subjects <57
years, non-drinkers, non-smokers and patients with oropharyngeal
cancer or with late-stage SCCHN and in the presence of the common
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genotype of TP53 Arg/Arg (rs1042522). Additional functional experi-
ments further demonstrated that the DECI SNP —249 T-to-C allelic
change contributed to the increased promoter activity and higher var-
iant allele-specific DNA-protein-binding affinities of certain tran-
scriptional factor(s), supporting the hypothesis that genetic
polymorphism influencing DECI transcription may play a role in
human SCCHN carcinogenesis. In the subsequent experiments, how-
ever, we ruled out the possibility that the elevated promoter activity
caused by the variant —249C could be attributed to the differential
binding of Nkx-2.5, the putative transcription factor predicted by the
computational tools.

The human DECI was first isolated by Nishiwaki et al. (18) from
the TSG locus on chromosome 9q, a region that loss of heterozygosity
was frequently observed in cancers originated from several develop-
mentally related tissues, including the esophagus (6,7), lung (8-10),
urinary bladder (14-16) and head and neck (11-13). Studies reported
that the DECI expression was greatly reduced or even absent in
esophageal cancer cells (17-19), and its tumor suppression ability
was shown in the growth inhibition effects in the in vitro colony
formation ability (17,18) and in vivo in nude mice model (19). Using
the complementary DNA microarray hybridization approach alone
with subsequent validation of reverse transcription—PCR analysis,
Leung et al. (17) had further identified a set of genes associated with
the DEC1 expression, such as human tissue factor pathway inhibitor-2
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Total subjects
(N=2241)
Case: 1111 (49.6%)

n=861 I

Never smokers
Case: 308 (35.8%)

n=64 n=796

n=1380

Ever smokers
Case: 803 (58.2%)

n=345 n=1035

Group 1
DECI -606 CC
Case: 14 (21.9%)
OR= 1.0 (reference)

DEC1 -606 CT+TT
Case: 293 (36.8%)
OR=2.02 (1.09-3.71)

Group 4
Non-drinkers
Case: 150 (43.5%)
OR=2.66 (1.41-5.00)

Group 5
Ever-drinkers
Case: 653 (63.1%)
OR=6.13 (3.34-11.24)

n=446

n=334

I
Group 2
TP53 codon72: GG
Case: 167 (37.4%)
OR=2.07 (1.11-3.87)

Group 3
TP53 codon72: CG+CC
Case: 110(32.9%)
OR=1.70 (0.90-3.22)

Fig. 1. Interactions among genetic and environmental factors by CART analysis. The DECI —606T>C SNP was classified as having common genotypes (CT + TT)
and protective variant (CC); smoking and drinking status was defined as never or ever (former and current) users; Five terminal nodes are highlighted in gray. The
numbers in each node may not add up to the total numbers due to the missing information from some subjects. The reference group was the least percentage of cases,
and ORs and 95% Cls for each factor combination were obtained from logistic regression models adjusted by age and sex.

(TFPI-2), growth differentiation factor 15 (GDF15), dual specificity
phosphatase 6 (DUSP6), Quiescin Q6 (QSCN6) and insulin-like
growth factor-binding protein 2 (/IGFBP2), and these genes were all
shown previously to have roles in tumor progression in different can-
cers. These findings indicated that DECI acts as a TSG in cancer,
possibly in SCCHN.

To date, neither transcriptional regulation nor epigenetic modifica-
tions of DECI expression have been fully understood. One study
examined the methylation status of DECI from tumor samples of
esophageal and lung cancers and did not find any significant differ-
ence in the methylation status of the 5" CpG islands, although a sig-
nificant reduction in the DECI expression was observed (18).
Furthermore, multiple lines of evidence have implicated that a genetic
polymorphism in the promoter or 3’-UTR may influence transcrip-
tional and post-transcriptional gene expression in cancers (34,35). In
a recent association study of genetic variation of DECI and esopha-
geal cancer risk, the DECI 3'-UTR G>A (rs3750505) AG hetero-
zygotes were found to have a decrease risk (20). However, we did not
observe an association between DECI 3'-UTR G>A (rs3750505)
SNP and SCCHN risk in the present study. Likewise, it has been
proposed that genetic variation in the promoter-regulatory region
may affect gene expression or transcription activity. Indeed, in the
present study, we found that the variant C allele of DECI —249 T>C
SNP could affect the DECI transcription by enhancing DNA—protein-
binding activity, thereby modulating SCCHN susceptibility.

It has been reported that the 7P53 codon 72 may play a role in
SCCHN susceptibility. The 7P53 codon 72 G>C polymorphism
causes an Arg— Pro (arginine — proline) substitution, and a higher
risk of SCCHN in carriers of the variant Pro/Pro homozygotes than
those with Arg/Arg homozygotes had been observed in multiple stud-
ies (36—44). In the present study, only a few Pro/Pro homozygotes
were observed, and the associated risk was not statistically significant.
In the stratified analysis, despite there was no statistical support of an
interaction between the DECI1 —249 T>C polymorphism and various
risk factors for SCCHN risk (P for interaction terms >0.05 for all,
Table III), it is interesting to note that the DECI —249 T>C poly-
morphism was associated with a greater protective effect when cou-

pled with common genotype of T7P53 codon 72 (rs1042522) Arg/Arg.
Therefore, future mechanistic studies are needed to decipher biolog-
ical interactions between functional SNPs of the DECI —249 T>C
and TP53 codon 72 (Arg72Pro).

Because SCCHN is a multifactorial disease with complex interac-
tions among genetic variation and environmental factors, we therefore
performed an exploratory CART analysis to elucidate possible high-
order interactions between genetic and environmental factors in
SCCHN development. In the CART analysis, smoking variable was
identified to be the most important risk factor. Subgroups of subjects
with different risk patterns were then identified, indicating potential
gene—environment interactions. However, we only observed the pro-
tective effect of the DECI —606CC (—249CC) genotype among
never-smokers but not in ever smokers, for which the most plausible
interpretation may be that tobacco and alcohol consumptions proba-
bly mask the small to moderate effects of genetic variation in complex
human diseases. However, the results should be interpreted with cau-
tion due to the post hoc data-mining nature of the CART approach and
the limited sample size and statistical power in the stratified analyses.
Therefore, future studies with a larger sample size would be needed to
confirm our finding.

In the current study, we demonstrated that the variant —249C allele
affected the DECI transcription. Specifically, luciferase assay results
showed an allele-dependent transcriptional regulation of DECI, and
EMSA further suggested that a higher promoter activity of the se-
quences containing the variant C allele may be regulated by the direct
DNA-protein binding. Our in silico analysis predicted that a putative
Nkx-2.5 TFBS binds to the surrounding sequences (—251 to —245 to
the start codon) of the variant —249C allele only. Nkx-2.5 (NK2
transcription factor related, locus 5), originally identified as a potential
vertebrate homologue of the Drosophila gene tinman (tin), is a homeo-
box-containing transcription factor that functions during heart forma-
tion and development (45,46). Furthermore, recent studies have
shown that Nkx-2.5 is involved in transcription regulation of various
human cancer cell lines, including hepatocellular carcinoma (47,48),
breast cancer (49), prostate cancer (50) and ovarian yolk sac tumor
(51). However, our EMSA results did not support Nkx-2.5 as the
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Fig. 2. The DECI promoter reporter gene constructs and DEC!-luciferase
assays. (A) Schematic presentation of a linealized reporter gene construct
containing a 1202 bp fragment of the DECI promoter (—1178 to +24 relative
to the transcriptional starting site) with both variants at the —606/—249/—122
sites was inserted into the pGL3-basic luciferase expression vector.

(B) Luciferase assay for the two DECI promoter constructs containing
either —249T and —249C alleles, respectively. Both the constructs were
sequenced to confirm the orientation and integrity (C). Significant
differences between two alleles were indicated by asterisk (P < 0.01).

potential transcription factor that may contribute to the elevated pro-
moter activity via the DNA—protein binding. It is probably that a com-
bination of several DNA-binding transcription factors may be
required for regulating gene expression in some cases. For example,
previous studies have shown that Nkx-2.5 can cooperate with other
transcription factors to activate transcription of various human pro-
moters, such as serum response factor (52,53), GATA-4 (GATA-
binding protein 4) (54-56) and Tbx5 (T-box transcription factor
TBXS) (57). Taken together, it is still unclear what transcription factor
is involved in the DEC] regulation through the allelic change at the
—249 polymorphic site or additional transcription factor(s) may be
essential to synergistically cooperate with Nkx-2.5 to drive efficient
transcription of DECI. Finally, the reduced risk-associated DEC/
variants observed in subgroups of never-smokers and never drinkers,
patients with 7P53 Arg/Arg genotype, oropharyngeal cancer or late-
stage SCCHN cancer suggests that genetic variation of DECI could
modulate HPV-induced carcinogenesis through gene—environment
interaction. This speculation needs to be further elucidated in future
studies.

In summary, the DECI promoter —249 T>C SNP (rs2012775) was
identified to be functional, modulating susceptibility to SCCHN
among non-Hispanic Whites. To the best of our knowledge, this is
the first functional explanation for an association study to elucidate
the roles of DEC1 promoter polymorphisms on SCCHN susceptibility
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Fig. 3. Nuclear factor binding to the —249 T>C polymorphic region of the
DECI promoter. (A) The putative Nkx-2.5 TFBS at —249 T and C of the
DEC] promoter was predicted by TESS (http://www.cbil.upenn.edu/cgi-bin/
tess/tess). (B) EMSA was performed using UM-SCC-22A nuclear extracts
with biotin-labeled probes corresponding to both —249 T and C of DECI
gene (T allele: lanes 1-4 or C allele: lanes 5-8), along with or without
competition from unlabeled probes. (C) Biotin-labeled probe containing the
T allele at —249 site and UM-SCC-22A nuclear extracts in the presence of
Nkx-2.5 antibody (lane 3) or normal IgG (lane 4).

and the impact on its biological activity. Nevertheless, some limita-
tions in the current study must also be considered. The selection of
control subjects may not be fully representative of the general pop-
ulation because of the inherent limitations of a hospital-based case—
control study. Thus, large-scale well-designed population-based
studies are needed to further validate the observed associations and
to best define the at-risk population for SCCHN. Although we have
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demonstrated the association between the DECI promoter SNP —249
T>C and SCCHN risk, we were not able to analyze the impact of this
DEC] promoter polymorphism on the messenger RNA expression
level due to the lack of tumor tissue samples available to us. More-
over, only a small subset of patients with oropharyngeal cancer in-
cluded in this study had available data on HPV infection, and this
limitation should be overcome in our future studies, when our study
population grows larger over time.
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