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Abstract

In a previous pilot case-control study of individuals diagnosed with esophageal squamous cell
carcinoma (ESCC) and matched controls from a high-risk area in China, we identified 38 single
nucleotide polymorphisms (SNPs) associated with ESCC located in or near one of 33 genes. In the
present study, we attempted to replicate the results of these 38 gene-related SNPs in a new sample
of 300 ESCC cases and 300 matched controls from the same study conducted in Shanxi Province,
China. Among 36 evaluable SNPs, four were significant in one or more analyses, including SNPs
located in EPHB1, PGLYRP2, PIK3C3, and SLC9AJ9, although the odds ratios (ORs) for these
genotypes were modest. Associations were found with EPHB1/rs1515366 (OR 0.92, 95% ClI
0.86-0.99; p = 0.019), PIK3C3/rs52911 (OR 0.93, 95% CI 0.88-0.99; p = 0.02), and PGLYRP2/
rs959117 (OR 0.93, 95% ClI, 0.86-1.01; p = 0.061) in general linear models (additive mode); and
the genotype distribution differed between cases and controls for SLC9A9/rs956062 (p = 0.024).
To examine these four genes in more detail, 40 HapMap-based tag SNPs from these four genes
were evaluated in the same subjects, and seven additional SNPs associated with ESCC were
identified. Further confirmation of these findings in other populations and other studies are needed
to determine if the signals from these SNPs are indirectly associated due to linkage disequilibrium,
or are directly related to biologic function and the development of ESCC.
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Introduction

Esophageal squamous cell carcinoma is one of the most common malignancies in China
where there is also substantial geographic variation in its incidence. Shanxi Province in

north central China has one of the highest rates of ESCC in China and the world. The
standardized mortality rate for ESCC in Shanxi province is greater than 100/100,000 person-
years.1' 2 The etiology of this high incidence of ESCC is only incompletely understood. Past
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studies suggested that family history of ESCC,3'4 low levels of selenium5 and vitamin E,6
as well as tooth loss7 were associated with a higher risk of ESCC. Within high-risk regions
of China, there is also strong evidence of familial aggregation3:4 suggesting an inherited
component to ESCC risk.

Past studies suggest evidence of a major gene contributing to ESCC risk in high-incidence
regions of China. Segregation analysis of 221 ESCC Chinese families from Linxian
supported the presence of an autosomal recessive gene with an estimated frequency of 19%
contributing 4% of total ESCC cases.8 In the Shanxi population, some ESCC families
exhibited an apparent dominant mode of inheritance, although most do not appear to follow
a mendelian pattern. Therefore, familial aggregation maybe due to both shared
environmental and genetic factor(s). ESCC is most likely a complex disease with multiple
genetic loci, with each loci contributing a small percentage to the overall risk. One challenge
in studying a complex disease is insufficient power to detect low-risk susceptibility genes
with rare variants. Studying populations in high-risk regions, such as north central China, is
one strategy to identify such low level susceptibility genes.

As an initial step in the identification of ESCC susceptibility loci, we performed a whole-
genome scan using the Affymetrix 10K SNP array. This pilot case-control study included 50
male ESCC cases and 50 matched controls from Shanxi province.9 After adjustment for
covariates (family history, alcohol use, tobacco use, pickled vegetable consumption, and
age) in a general linear model (GLM), 38 significant gene-related single nucleotide
polymorphisms (SNPs) were identified.9 The primary aim of the current study, therefore,
was to determine whether any of the 38 gene-related SNPs associated with ESCC in the pilot
study replicated in a new and larger set of cases and controls. In phase 1 of the study, we
genotyped these same 38 gene-related SNPs in 300 new male ESCC cases and their matched
controls. In phase 2, HapMap-based tag SNPs from the four genes with significantly-
associated SNPs in the first phase were reexamined in the same cases and controls.

Materials and Methods

Study population

Newly diagnosed ESCC cases and matched controls were identified and enrolled for a study
of esophageal cancer between 1998 and 2004 at the Shanxi Cancer Hospital in Taiyuan,
Shanxi Province, People's Republic of China. Inclusion criteria for this study were; 1)
residence in one of five selected geographic areas surrounding and including Taiyuan; 2) no
prior history of treatment for ESCC; 3) election of surgical treatment for ESCC; and 4)
willingness to participate in the study. Individuals who did not meet all four criteria were
excluded from the study. Age, sex, and neighborhood-matched controls were selected and
interviewed within six months of each case diagnosed with ESCC. Shanxi province was the
ancestral home for all participants. Following enroliment, patients and controls had blood
samples drawn and were interviewed to obtain demographic and lifestyle histories related to
cancer risk (i.e., age, tobacco and alcohol use, pickled vegetable consumption, and family
history of upper gastrointestinal [UGI] tract cancer). Family history questionnaire obtained
information on 15t, 2nd, 3rd degree blood relatives and spouses with a history of UGI cancer.
From among this group, 300 males diagnosed with ESCC and 300 matched controls were
selected for this replication SNP association study. This study was approved by the
institutional review boards of the Shanxi Cancer Hospital and the US National Cancer
Institute and written consent was obtained from all participants.
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Genomic DNA was extracted and purified from venous blood drawn from cases and controls
by standard methods. In the first phase of the current study, multiplex oligonucleotide
ligation assays (MOLA) were used to genotype the 38 significant gene-related SNPs
identified in the pilot study. MOLA is a multi-step protocol which uses a modification of the
ligase-mediated gene detection assay described by Landegren et al.10 For the initial step, we
queried the NCBI dbSNP data base to define the genomic regions which contained the 38
gene-related SNPs associated with ESCC in the pilot study.9 Primers were designed to
perform multiplex (up to 14 reactions from a single sample) polymerase chain reaction
(PCR) amplification of these regions using Taq Gold (Applied Biosystems, Foster City, CA)
and an MJR thermal cycler (MJ Research, Waltham, MA). PCR primer sequence and
cycling parameters are available upon request. PCR products were incubated with
Exonuclease | and Antarctic phosphatase (New England Biolabs, Ipswich, MA) to remove
the overhanging 5’ nucleotides and 5’ phosphates so that the PCR amplicons did not join
together in the subsequent ligation step. Each SNP was detected using three oligonucleotide
primers to form fluorescent fragments that differed in length by two base pairs to represent
the alternate alleles of each SNP. The common primer was complementary to the genomic
sequence 5’ upstream of the single nucleotide polymorphism and varied from 24 to 36
nucleotides in length depending on primer design. Common primers were fluorescently
labeled (-fam, vic, pet, ned; Applied Biosystems, Foster City, CA) at the 5’ end and
terminated at the nucleotide adjacent to and 5’ upstream of the single nucleotide
polymorphism. Allele-specific primers started at the polymorphic nucleotide position of the
5’ end and terminated 26 to 34 nucleotides 3’ to this site. Prior to ligation, the allele-specific
primers were incubated (MJR thermal cycler, 37°C 1 hr then inactivated at 70°C for 20 min)
with T4 polynucleotide kinase (Invitrogen, Carlsbad, CA) to transfer a phosphate to the 5'-
OH group of the first nucleotide of each allele-specific primer. Common primers were
joined to their respective allele-specific primers in the ligation step to form a fluorescent
fragment. The fluorescent fragments were separated by electrophoresis and detected by an
ABI 3130XL sequencer (Applied Biosystems, Foster City, CA). Genotype calls were made
using GeneMapper v4.0 software (Applied Biosystems, Foster City, CA) and call rates
ranged from 98-100%.

In the second phase of the present study, SNPs associated with ESCC (p < 0.05) in the first
phase were investigated further by selecting additional SNPs that were not in linkage
disequilibrium (LD) to span the respective candidate genes. Forty-seven new gene-related
SNPs were selected for MOLA genotyping in four genes (Ephrin receptor EPHB1 [EPHB1],
n= 17; Peptidoglycan recognition protein 2 [PGLYRP2], n=3; Phosphatidylinositol 3-kinase,
class 3 [PIK3C3], n=8; Solute carrier family 9, isoform A9 [SLC9A9], n=19) to search for
additional confirmatory signals across these genes. To maximize information content and
minimize genotyping cost and time, tag SNPs were selected for these genes from the
International HapMap Project (http://www.hapmap.org/). Han Chinese in Beijing (CHB)
genotype data for the four candidate genes was downloaded from HapMap and loaded onto
Haploview (Broad Institute of MIT and Harvard, Cambridge, MA). Tagger selection
algorithm (de Bakker et al.)11 in Haploview was used to select tag SNPs (pairwise tagging
function, r2 threshold = 0.8). In total, from phase 1 and phase 2, 51 SNPs were genotyped
(EPHB1, n=18; PGLYRP2, n=4; PIK3C3, n=9; SLC9A9, n=20) across these four genes in
the 300 ESCC cases and 300 matched controls studied.

Statistical analyses

Allele frequencies for each genotype were derived from the observed distribution among
controls and used to calculate expected genotype percentages. As a check on genotyping
quality for each SNP, observed genotype frequencies for controls were compared to
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expected frequencies to test for Hardy-Weinburg equilibrium (HWE) using a chi-square test
with one degree of freedom. HWE calculations were made with the online tool
http://www.genes.org.uk/software/hardy-weinberg.shtml. In addition, 24 samples were
sequenced for eight different SNPs to compare the genotype call rate accuracy. SNPs that
did not meet HWE (p < 0.01) or did not have 100% genotype concordance between the
MOLA assay and sequencing result were dropped from further analysis (for phase 1, n=2).
Thirty-six SNPs were left for statistical analysis in the first phase of the study (Fig. 1). For
quality control in phase 2, SNPs that had a call rate of < 92% and or controls not in HWE
were dropped from the analysis. Seven SNPs did not pass quality control, leaving 40
evaluable SNPs.

For each SNP, distributions of genotype frequencies between cases and controls were
compared using generalized linear models (GLM). These tests were run to determine the
association between each SNP and ESCC. Since the inheritance mode for these genes in
relation to ESCC is unknown, additive models were used for our primary GLM analyses,
with genotypes coded generically as (AA, AB, BB) = (0, 1, 2). The additive model assumes
a stepwise increase in risk from homozygous wildtype allele to heterozygous and
homozygous with risk allele. We also performed frequency distribution analyses using 2X3
contingency table (Fisher's exact test, three genotypes each for cases and controls).

The homozygous genotype for the common allele of each SNP in the control group was used
as the referent in calculating odds ratios (OR) and 95% confidence intervals (95%Cl).

Significant SNPs from the GLM additive model were validated with permutation testing
based on reassigning case/control status 10,000 times. As the permuted p values did not
differ from the observed p values derived from the GLM analysis and the 2x3 frequency
distribution tests, only the permuted p values are presented.

We evaluated the single most significant protective SNP from each of these four genes in
multivariate GLM models where all four SNPs were evaluated simultaneously, with and
without cross product terms, to assess both main effects and potential interactions.

Using the single most protective SNP from each of our four targeted genes, we also
evaluated the combined effects of multiple protective alleles. Multiple protective alleles
were examined in three ways: (i) as a continuous variable; (ii) categorized into four groups
approximating quartiles as: group 1 (0-1 protective allele), group 2 (2 protective alleles),
group 3 (3 protective alleles), and group 4 (4-6 protective alleles; there were no individuals
with 7-8 protective alleles) and analyzed using indicator variables; and (iii) combined into a
single ordinal variable to test for trend.

SNPs found to have a statistically significant association and located in the same gene were
tested for evidence of pairwise LD by calculating D’ and r? using Partek Genomics Suite
v6.3 (Partek Inc., St. Louis, MO).

All p values reported are two-sided. GLM analyses and Chi-square tests used in the
genotype comparisons were performed with the R program language. The same statistical
analysis was applied to the 40 evaluable tag SNP genotype data from the second phase of
the study.

Clinical characteristics of the 600 case-control subjects are shown in Table I. Median age
was 59 and tobacco and alcohol use and pickled vegetable consumption were similarly
distributed between cases and controls. The only difference was a higher frequency of
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positive family history of UGI cancer among cases (28%) as compared to controls (18%). Of
the five variables, only a positive family history of UGI cancer was significantly associated
with risk (OR 1.84, 95% CI 1.25-2.72; p = 0.002).

Among the 38 gene-related SNPs identified in the pilot study and tested in phase 1 of this
replication study, 36 SNPs passed the HWE quality control check. Of these 36 SNPs, four
(EPHB1/rs1515366, PGLYRP2/rs959117, PIK3C3/ rs52911, and SLC9A9/rs956062) were
statistically significantly associated with ESCC in one or more of the tests we applied:
EPHB1/rs1515366 (p = 0.049), PIK3C3/rs52911 (p = 0.015), and SLC9A9/rs956062 (p =
0.024) were significant based on case-control differences in genotype frequencies (Table I1);
and PIK3C3/rs52911 (OR 0.93, 95% CI 0.88-0.99; p = 0.02) and EPHB1/rs1515366 (OR
0.92, 95% CI 0.86-0.99; p = 0.019) were significant in GLM additive models. ORs were
decreased for the minor homozygous variant genotypes for PIK3C3/rs52911 (C/C, OR 0.86)
and EPHB1/rs1515366 (A/A, OR 0.84) compared to their respective heterozygous
genotypes. PGLYRP2/rs959117 was marginally non-significant in the GLM additive model
(OR 0.93, 95% CI 0.86-1.01; p = 0.061). SLC9A9/rs956062 was not significant in the GLM
analysis (p = 0.222).

In the second phase of this study, an additional 47 tag SNPs were selected and genotyped
(Fig. 1) from the CHB HapMap data base to capture information across these four genes
(EPHBL1, PGLYRP2, PIK3C3, and SLC9A9). In total from phase 1 and 2, 51 SNPs were
genotyped among these four genes.

Among the 17 SNPs genotyped in EPHB1, 15 were evaluable. Two SNPs (rs11716850,
rs17712258) showed a significant difference in genotype distribution between cases and
controls, however, neither SNP was significant in the GLM analysis (Table II). rs11716850
and rs17712258 are noncoding SNPs located in intron 13 and the 3' region of EPHB1. Both
SNPs are in strong LD (D’ = 0.99 and r2 = 0.99), however, neither SNP is in LD with
rs1515366 (D’ = 0.007, 0.009, and r2 < 0.001 for both). Thus, rs11716850 and rs17712258
together, represent a second signal in EPHB1 associated with ESCC. In total, phase 1 and 2
results identified two signals in EPHB1 associated with ESCC.

Three additional SNPs were genotyped in PGLYRP2 and two were evaluable. rs892145 (OR
1.06, 95% CI 1.00-1.12; p = 0.049) and rs4264508 (OR 0.94, 95% CI 0.89-0.99; p = 0.017)
were both significant in GLM analysis; rs4264508 also showed a different genotype
distribution (p =0.033) (Table II). rs892145 is a nonsynonymous coding SNP (lysine to
methionine at position 270) located in exon 2; rs4264508 is in intron 2 of PGLYRP2. These
two significant SNPs in PGLYRP2 are not in LD (D’ =0.64, r2=0.44) with each other and
represent two distinct signals associated with ESCC.

Eight additional SNPs were genotyped in PIK3C3, but none of the five evaluable SNPs were
significantly associated with ESCC in either GLM analysis or by frequency distribution
(Supplemental Table I).

Among the 19 SNPs genotyped in SLC9A9, 18 were evaluable, including three (rs838598,
rs16853475, and rs10804689) with statistically significant differences in the distribution of
their genotype frequencies; rs16853475 (OR 0.91, 95% CI 0.85-0.98; p = 0.012), and
rs10804689 (OR 1.08, 95% CI 1.01-1.15; p = 0.016) were also significantly different in
GLM analyses (Table II). Altogether, four SNPs in SLC9A9 were associated with ESCC and
none of these SNPs were in LD with each other.

Simultaneous inclusion of the four most significant protective SNPs (EPHB1/rs1515366,
PGLYRP2/rs4264508, PIK3C3/rs52911, and SLC9A9/rs16853475) as main effects in GLM
analyses indicated that each SNP was an independent predictor of ESCC risk; no evidence
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for effect modification on a multiplicative scale between these four SNPs was seen (data not
shown). Analysis of multiple protective alleles was strongly positive: risk decreased 8% for
each additional protective allele (OR 0.92, 95% CI 0.89-0.95; p = 1.32E %) and the trend
across protective allele categories was highly significant (p = 2.86E06). Men with four or
more protective alleles had a 26% reduced risk compared to men with zero or one (OR 0.74,
95% CI 0.66-0.84; p = 1.53E796; Table 111).

For completeness, the GLM analyses for dominant and recessive inheritance modes for all
SNPs evaluated here are shown in Supplemental Table I.
Discussion

Shanxi Province in north central China has one of the highest esophageal cancer mortality
rates in the world.4 In 1979, a Chinese national cancer mortality survey conducted in
Yangcheng County, Shanxi Province, found that all ESCC cases occurred in 8% of
households. ESCC familial aggregation4 is striking and suggests that a subset of this
population carried genetic variants resulting in ESCC susceptibility. To identify genetic
factors leading to ESCC susceptibility, we conducted a replication case-control study of 38
gene-related SNPs associated with ESCC in a previous pilot study.9 Among 36 evaluable
SNPs previously identified, four (11%) replicated their association with ESCC risk in the
first phase of this study. Further genotyping of tag SNPs identified seven additional SNPs
associated with ESCC. Altogether, four genes — EPHB1, PGLYRP2, PIK3C3, and SLC9A9 —
were found that contained one or more SNPs associated with ESCC. Six out of 11 SNPs
identified in this study were significant in the GLM analysis (Table I1). Choosing the
common allele as the referent, four SNPs (rs1515366, rs4264508, rs52911, rs16853475)
from the GLM revealed the minor allele as protective and the major allele as the risk allele
for ESCC susceptibility. The exceptions were rs892145 and rs10804689, where the variant
was the risk allele for ESCC. It is unlikely that each allele from these six SNPs by
themselves is of sufficient magnitude to affect risk at the population level, but protection (or
risk) associated with having a combination of protective (risk) alleles is substantially greater,
and warrants further consideration in determining genetic susceptibility at the population
level.

These four genes have interesting and diverse functions. EPHB1 has several functions
related to cell growth, migration and angiogenesis, all key regulatory points critical in the
multi-step evolution of tumorigenesis and metastasis. PGLYRP?2 is part of the innate
immune response. PIK3C3 is a member of the phosphoinositide 3-kinase (P13K) family of
proteins that regulate cell survival, migration and growth. SLC9A9 mediates sodium/
hydrogen exchange and regulates intracellular pH.

EPHBL is a member of the Ephrin family of receptors. Ephrin receptors are transmembrane
tyrosine kinases that activate signal transduction pathways to regulate and guide cell
migration, and mediate cell repulsion to prevent invasion of cells.12 The ephrin signaling
pathway interacts with the WNT pathway to regulate cell growth during embryogenesis,
tissue regeneration and carcinogenesis.13 EPHBL1 has been studied in colorectal cancer
where prior studies showed that a loss of ephrinB receptor activity in mice accelerated the
formation of adenocarcinomas.14 Furthermore, EPHB1 appears to have a role in
angiogenesis and oncogenesis mediated through its actions in cell adhesion and
chemoattraction.15 The association noted here between EPHB1 and ESCC is the first
reported in the literature and makes it an interesting candidate gene; however, its role in
ESCC is yet to be determined.
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PGLYRP2, is a member of the peptidoglycan recognition family of proteins that are highly
conserved between vertebrates and invertebrates. These proteins are part of the innate
immune system, an early defense mechanism that recognizes bacteria through their cell wall
component, peptidoglycan.16 In humans, PGLYRPZ, is constitutively expressed in the
liver16 and secreted into the circulation.17 PGLYRP?2 is expressed at lower levels16 in other
parts of the Gl tract (i.e., colon, stomach, pancreas). However, its expression is inducible in
other tissues of the human body upon exposure to bacteria.18 PGLYRP2 and ESCC have not
been studied, however, its expression has been shown to be down-regulated in colorectal
cancer,19 and hepatoblastoma20 compared to normal colonic and hepatic tissues,
respectively. In light of the causal relation between early Helicobacter pylori infection and
gastric cancer, an interesting hypothesis generated by this PGLYRP2 finding is whether
there is an infectious component to ESCC susceptibility in which innate immune response
modulates individual risk.

PIK3C3 is a member of the PI3K family. Members of this protein family are involved in
receptor-mediated signal transduction and intracellular vesicle trafficking.21 PIK3C3
generates phosphatidylinositol-3-phosphate which activates AKT1.22 PI3K/AKT pathway is
a regulator of cell proliferation and apoptosis.23 An expression study of t(12;21)(p13;922)
chromosomal translocation in B-cell acute lymphocytic leukemia found a correlation with
up-regulation of PIK3C3 and increased tumor cell survival.24

SLC9A9 is a member of a family of integral membrane proteins that mediate sodium/
hydrogen exchange (NHE) to maintain intracellular pH, electrolyte, and volume
homeostasis.25 NHE proteins regulate many cellular functions such as cell motility and
cardiac myocyte contraction. Malignant cells of diverse origin have elevated intracellular
pH.26 Elevation of intracellular pH is an integral feature of cellular transformation to
malignancy and is mediated by SLC9A1 (NHE1 [sodium/hydrogen exchanger isoform 1]).26
Although the role of SLC9A9 in carcinogenesis has not been elucidated, recent studies
showed that SLC9A9 is down-regulated in hormone-refractory prostate cancer compared to
hormone-sensitive prostate cancer.27

This is the first SNP replication study of ESCC susceptibility to follow from a prior whole-
genome wide association study. Strengths of this study include that it was conducted in a
high-risk, highly homogeneous population and that controls were well-matched and had
comparable environmental exposures. Furthermore, this is a replication study; therefore,
findings should be more robust than results from an initial discovery study. We applied
stringent genotyping quality control as a check on genotyping accuracy. For associated
SNPs, the permuted p values for the GLM analysis and 2x3 distributions were not
statistically different from observed p values, lessening the probability that these are false
positive findings. A shortcoming of the study is that not all SNPs in the four candidate genes
evaluated were genotyped. For genes that span a large distance and exhibit low LD such as
SLC9A9 and EPHB1, it simply was not feasible to genotype the 250+ tag SNPs required to
cover all LD blocks. Thus, inevitably we may have missed associated SNPs. Although 300
cases is the largest number of subjects in an ESCC SNP association replication study to date,
it is still a relatively small study and multiple comparisons were made. Finally, this study
was conducted only in Chinese males and generalizability to females and other populations
remain to be determined.

Association studies do not permit a determination of whether findings are indirect (i.e.,
secondary to LD with a region of true biologic importance) or direct biomarkers of biologic
relevance for the disease under study. Additional replications of the findings from these
studies are needed to further validate the results in this population, as well as to extend
conclusions to women and other high-risk populations elsewhere in the world. Investigation
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of the functional relevance of these four candidate genes are also needed, and might include
comparisons of gene expression levels by genotypes for those SNPs that differ between
cases and controls, and/or sequencing upstream promoter regions to identify functional

SNPs.

In conclusion, this replication study confirmed previously-identified associations for SNPs
in four genes with ESCC risk. Additional studies to further replicate and generalize these
findings as well as determine functionality are needed to define the role of these genes in the
development of ESCC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Pilot Study

10K Affymetrix SNP array applied to 50 ESCC cases and controls

GLM analysis identified
38 SNPs in or near genes associated with ESCC

|

Replication Study
IOLA SNP genotyping of 38 SNPs.
applied to 300 new ESCC cases and 300 controls
Phase 1

Four of 36 evaluable SNPs remained significant

EPHB1 PGLYRP2 PIK3C3 SLCYA9
rs1515366  rs959117 rs52911 rs956062
1 Phase 2

Forty-seven additional tag SNPs selected for 4 genes
from HapMap for MOLA genotyping
Seven of 40 evaluable SNPs in phase 2 were significant
11 SNPs from phase 1 & 2 showed an association with ESCC

—_—— T

EPHB1 PGLYRP2 PIK3C3 SLCY9A9
rs1515366  rs959117 rs52911 rs956062
rs11716850 rs892145 rs838598
rs17712258 rs4264508 rs16853475
rs10804689

1. ESCC = Esophageal squamous cell carcinoma.

2. MOLA = multiplex oligonucleotide ligation assay.
3. EPHBL = Ephrin receptor EphB1.

4. PGLYRP2 = Peptidoglycan recognition protein 2.
5. PIK3C3 = Phosphatidylinositol 3-kinase, class 3.
6. SLC9A9 = Solute carrier family 9, isoform A9.
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Table Il

ODDS RATIOS FOR NUMBER OF PROTECTIVE ALLELES IN ESCC CASE-CONTROL STUDY
(CASES n=300, CONTROLS n=300)

Number of protective alleles  Allele frequency (controls/cases)  oR1 (9506CI) GLM  p? (GLM)

0-1 (ref.) 0.21/0.35 1.0 (ref.) 1.0

2 0.25/0.27 0.90 (0.80-1.01) 0.075

3 0.27/0.26 0.87 (0.78-0.98) 0.019

4-6 0.28/0.13 0.74 (0.66-0.84) 1.53E706
Test for trend across categories NA 0.91 (0.88-0.95) 2.86E06

SNPs and their corresponding alleles used for calculating combined effects of multiple protective alleles; rs1515366 (allele A), EPHB1; rs4264508
(allele T), PGLYRPZ2; rs52911 (allele C), PIK3C3; rs16853475 (allele T), SLC9A9. The single most protective SNP from each of our four targeted
genes were evaluated to determine the combined effects of multiple protective alleles.Multiple protective alleles were examined in three ways: (i)
as a continuous variable; (ii) categorized into four groups approximating quartiles as: group 1 (0-1 protective allele), group 2 (2 protective alleles),
group 3 (3 protective alleles), and group 4 (4-6 protective alleles; there were no individuals with 7-8 protective alleles) and analyzed using indicator
variables; and (iii) combined into a single ordinal variable to test for trend.

lOdds ratio GLM additive mode.

2P value GLM additive model.
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