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Abstract

Populations in north central Ch aa are at high risk fo - gas‘ric cance.< (O, and alte-ed FAS-
mediated cell signaling and/or a » ptosis may contrib=.te tc this risk. "ve ex~.uned tl e associaion
of 554 single nucleotide polymorphisms (SMT's) in 53 Fas s gnaling-reiated cz..es using a
pathway-based approach in 1758 CT cases (1'Zo gastric carc ia adenoca .cinom.s (GC." » uxd 232
gastric noncardia adenocarcinomas “ZiNCA)), and 2111 cor*: 's from a ;'en ne-wid< associatic.
study (GWAS) of GC in ethnic Chinese. SNP asso~Zauons with risk of overa’i GC, G\ «nd
GNCA were evaluated using uncondition-! iogistic = .iessions controlling or ¢ ge, sex an <tudy.
Gene- and pathway-based associations \ 7ere ‘csted 12.ug the aday *ive rank-trunce’ed prodiet
(ARTP) method. Statistical significance was evuluated Z.upuiclly Lv permutat on. 5igniiiear ¢
pathway-based associations were observed fir Fa, signaling witl rist of overal' GU (P = 5.5E-74)
and GCA (P = 6.3E-03), but not GNCA (P :: 8.1E-02). Among .xan ined genes 1. the Fa-
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signaling pathway, MAP2¥ /1 TAT1 L iArmos, CAS?10, CASPS, CFLAR, MAP2K1, CAPSAP2,
PAK2 2~ IKBK B were ast nciated witls . o - GC (ominal P <0.05), and FAFI and MAPKS
were sign*Zcontly associated with risk »f both CCA and GNCA (nominal P < 0.05). Our
eT.arina.ion 0.  ger stic variation in he Fas .ignaling pathway is consistent with an association of
altere 1 Fa sign.'lin¢ and/or apo~.osis v.ith risk of . A. one of the first attempts to investigate a
sathwav-1- vel assoziation, our ros s suesost that theso genes and the Fas signaling pathway

v arrant furthe evalu~uon in relat'un to GC ~’sk ii» other populations.

Keyw~.rds

Gostrie ~e=c2i L asuic cardia; gastric noyr<urdia; Fas ~ignaling; genetic variants; GWAS; single
nucleotide polymorphisms; pathway genes
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INTROL UL VIO

Gas ric carc’.oma (GC) is the fourth most _ommon 1.alignancy worldwide with an
e~amate . incidence = %3 1,000 new ca.es p-. year. > 2 \’urthermore, this incidence is
g¢ecgraphic-tiy varied i1 more than 429, of GC p~.tier s occurring in China alone. 3
Gl-Lally, aprroaimately 738,000 patie.ts wia C die annually making GC the second most
cor.moi’ cause of cancer-related deaths. = * T, cancer ais. continues to have very poor
survival, rrimarily because me-t patients pre<z... with advan.ced disease and treatment

optiors arc limited. - ¢

Population’, from “..¢ Shanxi Province and Linxiar . north cc..al China are at very high
risk for G ° inc luding gastric ~=.u1a »denocarcinom= {GCA) that a ises in the top 3cm of the
stomach, a1d g. stric =uncardia »Zcnocarcinoma (GNCA, wat ar’ ,es more distally in the
stomach. Prcious stud’Zs have reported several 1'sk facter: assoviate 1 with higher risk of
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GC in these populations including age. male gende., Helicoba~ier py ori (H. pylori)

infection, 7 cor.sumption of salted and nit. ated foods 'ow levels <. antioxidants, low

481« ith loss,!! ana thermal damage due

consumption of iresn i*uit, vegetuoles ~ad eggs,
to consumption of scala’ng 1.0t for is. 4 In contrast, smo!.ing and . lcor.l a ‘e not major risk

factors. 4 10

In addition to enviror.~.¢ntal risk factors. <.ta o.» family historv 27 GC an { genome vide

12-14 i these %:ign risk n~aula ions suggest the f.uportance « r genetic

association studies
susceptibility. To date, f- ¢ suscent:Linty loci 't 1¢22, 3q13, pl3. 'Cy23 an.: 2in'Z have
reached genome-wide sig ~.{icance in scans cond':_.>d in Han Thi-.ese; srzaitically thce
loci have been associated with risk of GZA and twe with GNCA. '*-15 Patk-a -h-sed
analysis of genome-wide assor’.uon study (GWAS) data is a cor \ple nentarv ~rrrnach to
identify pathways or groups ¢ f o=i.cs enriclied with ca..~er associawed SivPs whoee

individual effect sizes may be too sr-.all to b2 uctecw 4 by standard mr ethe us.

The ability to avoid apoptosis anc ens ire continued pr olif¢ ration and v uvival »f
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premalignant and early tumor cell is l.kely to be = earl;, and important event f~_.utatine
the development of cancer. Fas is a J'eath domain-c~..cainine = ember of ne TNFP. 1w or
Necrosis Factor Receptor) superfamily ana 1t has a ~Zutral role n the physiological
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regulation of ap~y*ozic. Sddwugn acuvate d Fas (FasL-Fas system) has been appreciated
mainl 7 with resg =t to its d=2l, - ucing Zanction, which is mediated via proteolytic
siymes called ‘caspascs’ (CA5P). 1€ Fas signaling may also transduce proliferative and
acti -atin  signals, throug nucle~.. factor-kappaB (NF-kB) activation and other

mech nisi1s.!7 In mic., durivg early infeziion vith H.pylori, Fas-mediated apoptosis
wepletes paietal and ¢hi_r cell »_pulations, (cading to architectural distortion. Thus, the
dere sulatic.. of FAS sig ualing m=; be «n early and necessary trait for GC development and
ulso ir.portant for H.pylc. . mfectior. 17> 18

Geroti L aiau0.) may alter the _xpressior ui activitv of proteins in the FAS signaling
nathwor =20 L ually altering cell pioliferatie~, apoptosis, and survival, and thus
susceptibility to GC. Therefore, we Zvaluated <Z caidiate genes associated with FAS
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sipnaline inclo 22, - enes dow.strear: or .7as, nitiat r ca ‘pases and signal transduction
effectors nein~ ~d hor analysis of the first phase of a g>w.ume-wide association study
(GWA.) of gastri. cancer conducted in a higa risk Chinese population. We present data here
sug,‘esting th.t overall Fas signaling and srz.oiiic ge.es contained therein may be important

1

for GC duvelopment 2~.a ype of GC in aigh . Chines 2 individuals.

METHODS & ANALYSCS
Study Population

This «tudy reports a furthz, stati tical analysis of t-:. 1rst »has: of a genome-wide
associa* ou study ot GC crmaucted in ethnic Chinese, full detui's of which have been
described esewhe-.. *3 Briefly, participants for wer_ arawn fi.m two studies, the Shanxi
Upper Ga troi itestinal Cancer Sene 'ics Project (Sh2a1) and the L inxian Nutrition
Interventicn Tr.al (NTT), a prosr=ouve cohort. The Shanv: study rontrols were individually
matched on cae and sev Jur the case-control porti mn, wher=%, une NI\ controls were selected
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as a case-cohort and frequency matched on age anu sex. For th~ shar <i and NIT studies,
tumor anatomiu location (cardia and noncardia) was k=own for = cases and >85% of cases
had pathologica: conti 'mati'on. A%t GCAs were locate 1“2, the proxiinal = cm of the stomach.
Risk factor information for i\ "uanxi und NIT were obtaine a by intc-viev’. T.xe NCI Special
Studies Institutional Re* «ew R Jard apprer-cu ‘he overal GY/VAS.

Gene and SNP Selection for Fa- 3ignaling Patb~.ay

An inherent limitation of pre-z.ocessed »..wunv-ay ( atabases is th_ subjecti=-C inte vpretation of
the curator. Therefore, tc obtair .s comprehen: i~ ¢ a pathway as p sssible at ti-e tune o1 this
study, genes associated with Fas signaling (F-: recep tor and ligoud, ef“_ctor caspa. ¢s, and
downstream effectors, collectively reZirred to b-.¢ as Fas signali'ig path-..ay ge..cs) were

16-7° and croce-referenced w th t = Riscarta tas

identified apriori from the li’ crature
signaling pathway (cd95) database (Bi~Carta_pid faspathway and htty://coap. 1c1.. ih.g ov/

Pathways/BioCarta/h_fasPathway) .0 corlirm pathwa~ imhrmation. Usig tiis wproa -h we
identified 53 genes containing 66, uni jue SNPs from he (;WAS. Th: 53 g ni's ex~.nined in

this study are listed in Table 2.
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Genotyping, Quality Contr~! =2 T.ciusions

DNAs were genc.y peu as part of ie GWAS at the Core Genotyping Facility of the National
Ca.cer 'nstitute’s Division o Cance. Epidemiology and Genetics as previously

desc ibec 13). Data is av-.ilable upon request from the NIH Data Access Committee (http://
vww. 1ck . nlm.nih.gc v/pro’ ccts/gap/co:-oin/stu ly.cgi?study id=phs000361.v1.pl). An
overall sub)>ct complc*.on rot ot 85% vus applied to cases and controls in the combined
porulatio. tor all assay ' analvza. We «xcluded SNPs with <95% completion and <95%
conc~rdance, and a minor allele freq 1encv *.IAF) - 1%. After exclusion criteria were
~pplied, 550 nnique SNPs in 53 FA S signaline pathway genes remained for analysis in GC
(Supplementary "able 1); 5 <8 SNPs L1 GCA, a=. >4« for GNCA (Supplementary Tables
3-4). Linkage disequilibrium (D) in th< combine dat. was further computed between any
two SNPs in the same gene an uug the ceubi ed co.trol ' using Haploview (http://
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www.broad.mit.edu/i ipg/haplo ~“ow/).

Statistical Anal rse.:

To “avesti sate variation in Fas signaling pathway oenes and risk of GC in the GWAS data,
ve co.cied out imdividual ! 'NP-, gene- anc pathway- bas :d analyses for GCA and GNCA
suotyrs, as well 22 GC overall. SNP-1 ase analv-gs of cach individual study as well as the
coinbine” population were tested under he additive mode! and odds ratios and 95%
coni'den e intervals were calculated using uncon-:iional le< istic regression with adjustment
for ag e (1) year categorie<), sex and study n prim=*7, wolels. For some SNPs we used a
domini n* ..i0del kocause of e low frequency of the homozvz. us genotype in our
population. in seceriary models we also adjusted fo~ aicohol, ~.noking, H.pylori and family
history of JGJ cancer

All P-value= for >iNPs are »c.umal except where otk L wise specitic. SNP-based analyses
were performed woiug STATA version 9.0 and pro, 2+, ianguage R (h tp://www.r-
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project.org/). After o2l Jig Sinrs with vairwise LD r2>0.50 in co.erols, a Bonferroni-

corrected threstold of P < 1. 11Z-( . was _alculated vsing 3“5 independent SNP signals.
We conducted a gene-based analv.is to evaluate the assc ciatirn be'ween a sandidate gene/
region and cancer risk the te,t statistic ued \7as the mi1P “tatisi’c tuat wr s the minimum
P-value among all P-val.cs from the singlc SN analysis ¢-.aducted =, 1thi» i e zondidate
gene. The P-value for the gene-based Lualysis (clled gene P value) ¢~z oe evalrzied
through a bootstrap procedr=.. =” Last!r, we ¢ond.'cted pathw=, analysi~ .0 2v~_uate the
association between the «andi<..e genes incluc.u 1n the Fas s gna ing pathw: y and can~er
risk. The pathway analysis was based on the A\KIP 1 ethod ana was “..plemented nthe R
package ARTP (http://dceg.cancer 5uv/bb/tools/ artp). The ARTP meth~4 aims at
maximizing the association s gnal bv cumbinirz gzne-level P-val ec .vor. a set of sc!ected
genes within the pathway into wne test s.atistic and uses a bootstrap proced>:-e (0 es im: te its
P-value, and has been shown to acr ount yroperly for 11e type I error. 7 he L oo <*.ap
procedure is used for the purpose of g :nerating datase s ur der the nui’ hypo h.sis ~vnile
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keeping the correlation among SN Ps ti°e same as that in tlie observed dataset. The "-value
for both the gene-based and pathwa_7 analyses was e<*:mated by 20,000 pa.ametric Fcotstrap
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steps. We also coroi22rld wnuie siringer.t Bonferroni-corrected significance threshold for
gene-oased anal -sis to accetinl fui usting 33 genes (P=9.43x1074, 0.05/53 genes).

RESUI TS

Pojulaticn Characieristics

In th~ prese-.t study we ~..alyzed e=not 7pe data from 1,758 GC cases and 2,111 controls.
Tetaile s characteristics . r2 risk fac ors Jor GC ‘. v oth NIT and Shanxi samples have been
proviously reported. 4 11 A summary of demograrl..c, risk factor, and anatomical site
‘=IUawauon for cach individral study an aie combi+ »d study population is shown in Table
1 T= . cuwoined populaticn ~uses were ~ore likely ‘o be male, drink alcohol, smoke, and
have a family history of UGI canr<. compare~ w ccntro's. The mean age for cases of GCA,

yduosnuep Joyiny vd-HIN

CNCALud GC uveall was hither i sha i ¢ ompai2d to NIT, the proportion of male GC
create. in Shanxi compared .o N.T. A L gner percentage of participants from

an ~1-
€CASes T oL g

the Shanx’ studv were ever drinkers and smokers, while participants from the NIT study had
a stionger fruaily history of UGI cancer.

Fas Signaling P~.chwav ~..a GC Rizc

Pa’uway-bas< . analysis for all 53 gene- invoived in Fus signaling was significantly
asst ciat *d with risk of GC (P = 5.5E-04) (1auic 2).

Gene-base 1 analyses id<..utied 1>n genes a soci2*.u with yver il risk of GC (ARTP P<0.05)
(Table 2) mclning MAP X+ (P =0.0038), FAF1 (P =0.0"25) MAPKS (P = 0.0041),
CASP10 (F=0.01%), CASP8 (P=0.012), CFLAR (™ -0.015). iu.:P2K1 (P=0.0185),
CASP8AF 2 (P=0.02), PAK? 7= 0.L476) and : XKP (= 0.04%&). P values for the remaining
43 FAS signaliny n>“l.way genes and their most signific=..c SNPs are shown in Table 2 and
Supplementa-v Table 2. dowever, these genes dic not rem.un sig. ificant after Bonferroni
correction for multiple comparisons

yduosnuep Joyiny Vd-HIN

Seventy SNPs il. ..uu s a1 d/or n2in-corfing gene regins Loross 24 ~as rignaling pathway
genes (including: ARHGDL?, BID CASP6, CASP7, CA5r8, C-.S1'GAPZ CASP10,
CFLAR, CRADD, DFF},, FAF ., IKBKB ™.\P2K1, MAP" K4, M P’KS5. MAPKS,
NFKB2, PAK1, PAF¥ 2, PAT.P1, PRKDC, 2AF', RB1, and UCLT21) were significantly
associated (P<0.05) v “.n risk of GC in th< comt ined popu atie= (suppler entary la"le 1).
The effect size and direction of €I«Ps were <. mila- in both individual studies (S ipplementary
Table 1). After accountii g for LD 4" >0.80), 11e 7) significart SN, were s ow > %o
represent 34 independent .. separate signals. We (uentified two C2(Ps in 2 4P2K4 ~=.u four
SNPs in FAF'] that were significant at t=.c £ < 0.00 evel. MAP27.4 1s978°% /3 (T ullele)
(per allele OR: 1.18, 95% CI* !.u8-1.29 ™-0.0003) was shown t. be in strorz LD 2> (.95)
with 1s7216812 (C allele), whick was al<< associated (.” = 0.0005) wif', increa=zZ risk »f GC
cancer. FAF'] rs1846522 (A allele), 757543772 (C awdle), :s1208904 " (T allcle) ap |
rs3789587 (T allele) were signific intly associated witl red iced risk f GT /S ipplerentary
Table 1). Strong LD r2 =0.96 was obs: rved between “oth AF] rs1846327 a1d 1512080541,
and rs1846522 and rs3789587, res ectivaly However. “.0 individual SNP rer.ained
significant after Bonferroni correctio.. for multir!_ comn~z.sons.

)duosnuep Joyiny vd-HIN
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Further adjustmen* 27 S...ohiug, aiconol, wnd family history of UGI cancer did not alter
these esults (da.a not <hovz). /.. .ori ss.0logy data were available only for NIT study
paiticip ants, however, 1" pyi w7 serorusitivity was essentially universal, which precluded a
mea1ing ‘ul evaluation o1 the res.its.

Fas Signclinc. Pathw~_' and Risk r: GCA ~.id GNC”*,

Ger.ctic vo.aation in the FAS sienuiing pathway was significantly associated with risk of
JCA £ =6.3E-03), but uot GNCA ‘P = 8.0F J2) . our high risk population (Table 3).
(e¢ne-based analyses identified som~ shared sn=_cptibility loci for both GCA and GNCA.
rAF1 and MAPK S were sig-aiicantlv ~sociated v .isk of both GCA (P = 0.0265 and
v.u412, respectively) and G A (P =0 2556 and 0.00 "7, respectively) (Table 3). A number
of potential cancer-specific loci ~vere also ide: tified betv'een GCA and GNCA. CASPS,
cadr iV, CFLAR, and MAP2K '~ re sign ficaitly associcted with risk of GCA only (P <
£.92), wuue r.AP2¥4 and IKBKB were only sic.ificantly associated with GNCA (P < 0.05)
(Table . dow~ver no SNP remained significant after correction for multiple comparisons.

yduosnuep Joyiny vd-HIN

The most s*gnificant SNP in each of the <5 genes in th> FAS signaling pathway for GCA
~ad GMCA is shov.. in Stoplementarr Takles 3 ana 4, 1 3spectively.

DISCUSSIOI s

We «valuated the impact of genetic variation ir ti¢ overall -2s signaling pathway with risk
of GC usii g an ad hoc ~w.atysis « f the first phase 2 a genc me- vide association study
(GWAL] of ga<t.ic cancer performed in a high risk Chines= popnlation. The genes examined
in this patt way ew.code proteins involved in FAS r< eptor-ligand binding, initiator and
effector c: spas es, signaling. »=.u dov nstream rogul~iory and st ‘uct iral proteins.

When all 55 candidate F~2 signaling genes were cousidered - . ~bscved a significant
pathway-based association with overall GC risk (# - 5.5E-04) a»u GC A risk (P = 6.3E-03),
but not GNCA sk (# = 8.0E-02). Furthe 'more, we for=a eviden~_ that genetic variation in
ten individual geies 5i2nit. cantlv contribated to over. 1l - risk in uis population. In
particular, FAF] and M.'PK © were ~.gnificantly associateu with uotu GCA and GNCA risk;
CASP10, CASPS, CFLA ! and "1AP2K1 w-_ significar tly ".ssoviatud ~vith risk of GCA; and
MAP2K4 and IKBK!. were significantly a: soci vted with ONC.'\. Polym~.phisms in these
genes have been prev ~asly examined for ..sk a:sociation .1 a »w.nber of -"ancers in “oth

yduosnuep Joyiny Vd-HIN

Chinese and Caucasian populati<.s (summ-. 7 presented in Supr!z.uentarv Tab e 5).
However, with the exce} uon of /K Zn B 1s502¢ 742 30 which v as acuciated v » .cduced
risk of GC (per allele OR. 5.90; 95%CI: 0.81-0 ¢35y :nd GNC¢ (= c allel= UR: 0.8F; 55%CI:
0.75-0.97) in our study; we failed to reriicate anv = these previo’.sly-ren~ricd hoorvations.

The lack of a pathway-based 1ssor.uon fo- Gie Fas s.7naling gencs witls GNCA may reflect
the smaller number of GNCA cases (. = 632> Zonotped 1 this study poraiticn.
Alternatively, this result may refle .t dif’crences in Fas sigt aling (apc ptois v.. p.olife.ation)
in the development of the GC sut :ype s in our high-ris< Ct inese popwiction. In s=pport o
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this proposal, Boroumand-Nough: bi ai.4 colleac.cs 3! f,und a significantly hic'.cr serum
level of soluble FasL in Iranian paticts with GNC A versus “L.ose with G A (P = 5.uu),
suggesting difference in the efficacy of apoptosis i» aitferent g-.stric subtype tumors and/or
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patient immune =725 o wie suotypes. ¢ \Iso, other data suggests that GCA is distinguished
rrom (GNCA by fifferences i ion uctore, 32 tumor characteristics, 33 patterns of mMRNA
i filin g and protein ex res: icw ** 33 and genetic alterations. 3¢ As well as being

anatymit ally adjacent, G "A and csophageal squamous cell carcinoma(ESCC) occur at
epide nic ates in this saudy »opulation. <hare s yme etiological risk factors as well a GWAS
=:sk vari~. in the PLUF. gene '~ We rece~.iiy profiled gene expression levels in matched
tissos fror. patients wii GCA (»--41) and GNCA (n= 94) from this high-risk population. 37
in agr-ement with previu us studies * ve fcund 2 ..unber of genes that were differentially
evpressed in GCA, but not GNCA, 2 d vice vere~. Added to this, differentially expressed
zoues reported i GCA were wiso dysresaiated in 2 Sunilar pattern in ESCC patients from
‘Lo sawe population.37 Coll~*;vely, this ~..a may sug, est etiological differences in the
gastric carcinogenesis pathway. ~2.u 1n the exj osure. im) ortant for the development of GCA

yduosnuep Joyiny vd-HIN

2. GivCa i tnis higo risk popt latiz... Difi=ren‘ial ro. es fur Fas signaling or specifically Fas-
media‘sd apur.osis 7« proliferation may als. be ‘mporwnt in these gastric tumor subgroups.
Hcwev 'r (urthe. studies are required to clarify the role of Fas-signaling in gastric

carc nogenr.1s in cardiac versus non-card‘.c tumors.

"he Lrongest cene-base association Hbse rved for o vere Il risk of GC (P = 0.0038) as well as
risk 2J GNCA /7 =0.0127) in our stucv pog'=ion wes observed for MAP2K4, with a

ma 'ginz « non-significant association (P=C 05290 for GO A, MAP2K] was also significantly
asso.iate 1 with risk of GC (P = 0.0185) and G4 (P = 0.CZ:13) in our population, while
MAP:’8 was associated ~,ith GCA (P =0.0436) ZCINCA (.°>=1.0077), and GC risk overall
(P=0.2041). MaP kinas~ viAPK)-related gene products f_qu ntly integrate signaling
outputs of .affere... signal transduction circuits in~luding Fas-u.>diated apoptosis in a

cell. 38410 14P. K4, which en~zaes a map kinas» kirzse of INK (JNKK1) and p38, is
classically associate with grov2. arrest and apoptosis i~ cells ar « has been reported to be a
metastasis supnressor “.volved in multiple cancer types. 3% ““Ma P24 encodes MEK1,
which functions in the MAPK/ERK casrade. MEK I can taree* perox some proliferator-

yduosnuep Joyiny Vd-HIN

activated recep or gamma (PPARG). a nu.lear recep*<. that pre=.,otes differentiation and
apoptosis, while activa‘ion »f MLK1 i~ Jurkat T lymp hocytes atten 1ates Fas-mediated
apoptosis. 32MAPKS en-odes the » JUN N-terminal pro‘ein kinas~ JN.X1, which is activated
by INKK1 (or the MAP-K4 p-oduct) and (egt lates the ¢ ctiv ity 0. c-,wa an. c-Myc as well
as the proapoptotic t cl-2 Zamily protein. #' In : ddition, excnic geneti~ vari=*'on in MAPK
has been observed in « majority of GC' a1l lines. 42

The second strongest ge e-based ~ssociation chser sed with o 7eral' G risk »us %, [4F1 (P
=0.0039) an interaction p...wner of Fas, which w~ ai30 significwn*ly assrciated with L isk of
both GCA (P = 0.0265) and GNCA (P— 5.0412) i» our populatior.. [nitiall; po:f1r'.ied to be
a tumor suppressor, 22 FAF1 Pzve functic=.s m several biological nrocesses izluiino Fas-
induced apoptosis, NF-kB sig 12'..1g, ubifuiunation, preteasomal degrsaation, ~z:zonic\l Wnt
signaling and neuronal cell survival -4 43-4% we ide. tifie\' thirteen s gni‘icat .AF/ S’ IPs
(P<0.05) in strong LD (mean max r2 = J.96), represen ing hree inde,'enc.>"* . ignals
associated with reduced risk of G _. G ven that FAF prot .in is an impo:#an: modiator oo

)duosnuep Joyiny vd-HIN

apoptosis, it is plausible that one o moic ~f th2,¢ SNP< could alter expressicz. ot FAF1 v,
modify protein interactions that migh. 2lter apor_sis. Alez, rec'uced FAF ' preiin has b en
reported in a high percentage of human gastric ~~.cinomas, m~ st prominantly in carcinomas
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containing sign=* ==z s ils. '“ A signiticent decrease in FAF1 mRNA expression was
obser ‘ed for Caicacian pat'zii wi-a clef* palate who were homozygous for the major T
icle (7T genotype) foi 1s3.°27730 (7=0.0015). 47 Although rs3827730 was not significant
afte. cor ecting for multi,'le testi.g comparisons, the T allele of FAF rs3827730 was
signiiican ly associateu with .educed risv ur G\~ (per allele OR, 0.89, 95% CI, 0.80-0.99,
=0.026> ad GCA (per allele M1 0.88; 9570 CI: 0.77-0.99; P = 0.039), but not GNCA, in
the ~.esent »tudy.

We also observed gene-based associction, ror CF/ R (P =0.015), CASP10 (P=0.011), and
4¢P ("~ y.u13), which clustZ, on chro~.usome 2032-q33, with overall risk of GC in our
nonulatio= T, diermore, the se 9..es were s Zatticantl 7 associated with risk of GCA
(CFLAR P=0.020, CASP10,P=0"15 and CAS/ &, P =.004), but not GNCA. CFLAR,
CASPIN and 24 0 proteins s egulats aic exti ‘nsic anopuosis pathway. CFLAR, which

yduosnuep Joyiny vd-HIN

m

encodes the ~=Tylar } LICE-like inhibitory protcin or - TLIP, acts as an inhibitor of Fas-
mudiat 'd a7.0pto<:s, 1% 17 and while bound to RIP2 can also mediate activation of NF-xB
and, 'or non-azoptotic signals including cell =.outera..on. Both CASPS and CASP10 are
hizaly expressed (ever o -expressed) i'. gast’. aucnoce reinomas, irrespective of

| istriogical =:Uiypes an< uepth of inv sic 1. * CFL/R m RNA and c-FLIP protein are also
frecr:ently elevaicd in gastric adenocaisino.x~ 1 Chiv.ese patients. *° Using a meta-analysis
of \iW/ » data from the study populations ~vahi~od here w d other population of Chinese
ethn city, we recently reported a strong associa*:uu of five ZNPs which map to 2q33 and the
CASE S/AL S2CR12/TR A2 gene region wi h risk L« esophage: | squamous cell carcinoma
(ESCC,. “ How, ever, neitt.or CASPS 1510931936 (P = 0.8}, wn ch was included in the
current stu'.y, ne~ wie four remaining variants wer< snown to be ~ssociated with risk of GC
in this poj ulat on (data not sh2wn), . uggesting the 'Luer assoc atic n may be specific for
ESCC.

yduosnuep Joyiny Vd-HIN

IKBKB encodes a catalytically active-protein calle.! ixappaB-kiruse ( KKB) that is
responsible (as part o1 a larger complex i cluding Ikar~.A-kinase 1KKA)) for the
dissociation of t..c juii'bito - of NF-kB a~d its subsequ ent .cuvation *' ™ this study, we
observed a significant g=ne--~.sed ».sociation for IKBKB with ris!- of GC (P=0.048) and
GNCA (P =0.048), but ".ot GCA. CHUK ~.iich encod s IT.KA waz rot a: sociated with
risk of GC. IKBKB 1,50297+48 was identif.=d a the most rign:icant SN n JKBKB in our
study, and was associ.“ed with protectior .gainst GNCA (per »'’cie OR: ( 86; 95%"T:
0.75-0.97, P=0.018) as well as = overall 7, er a lele OR: 0.90: ©Z7%CI: 0 82-( 98, P =
0.018). IKKB represents a key pretein in the rogul tion of apcptosiz in epith~lia1 ~Zii as
well as in the reponse of ustrointestinal mucos ‘v vxternal st.mi. 31 Wi the efcts of
loss of IKBKB on cancer risk appears t~ ue tissue-<ccific, condit’onal knexovt ~2 IKBKB
in the normal gastric epithelir»=.. of mice <l.owed decreased mRN A e: vressie= o7 CFLAR,
accelerated Helicobacter-dep.n-_ut gast.c apoptosis, pvoliferation, aru the de=-2!~pm nt of
dysplasia. >! However, little is knova abor* we bioi gica. relevance of s.enctic var.atic n in
IKBKB and how this might influer.ce t'.e activity or proteir interacticns, o~ w1l as
downstream NF-kB/IKKB-relatec prc zesses such as .pop osis and infla»m tiou.

)duosnuep Joyiny vd-HIN

Lastly, significant gene-based assoc.>tions were obzorved frr 24K2 and « ASPSATZ wine
risk of GC (P = 0.048 and P = 0.020, respectivelv), Lut not wit’, risk of GLA or GNCA per
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se, a result which =27 s e iuea pow er. PAK2 encodes a Group 1 serine/threonine
protei 1 kinase (&'so called ™411Z) - .d is t'.e only member of the PAK family that is directly
woi'vated by CASP3, re. ultii ¢ Za the “aorphological and biochemical changes of

apoj tosi . 22CASP8AP2 +ncodes a pro-apoptotic protein called FLICE-Associated Huge
(FLASH) *hat acts as = dow~.stream med:..or ( ogether with FAF-1) in the activation of
*“ASP8 i, i"as-mediat >d apoptesis and NF- .0 activation. 33 Limited evidence indicates that
som-dac mr.ations in C (oPSAP? - e ra-e in gastric carcinomas, but increased expression of
TLAS", has been detectc 2 in 70% o gas ‘ric c27omoma tissues compared to normal mucosa,
s ggesting that FLASH may play an mportant r~c i gastric carcinogenesis. 3

In onr et pulation, cas's wezo more lik<ly to use ‘obacco and to drink alcohol than

controls, however these exposures ~zc not mai~: r1s < factors for GC in our Chinese
4.10

yduosnuep Joyiny vd-HIN

nonnlatione wuu neither snokine or coiol drikin,y confounded our genotypic
findings Thie ~qady }ad several strengths ad s« veral “=.utations. Our examination of a large
nunbe of SNPs ~ssociated with Fas signaling is a strength, in addition to our

con vrehensi~, ¢ assessment of both gene- ar< uveran, nathway associations. Examination of
m-.ay SM¢'s does, how: v, create a cor.cern ~~ v woulti) le testing. The large number of
cases, studied Ziso allow=2 us to asses: all of these ri ks vith reasonable power. Despite the
lare= s1ze of o1~ swdy, further studies .'re no~7<4 to revlicate these findings. Another
lim'tatic u of this study is that we were no. ~hle +2 gxami~_ 3NP associations by H.pylori
(Hp, stat . Infection with H. pviori is prevalert i this hiZ - risk region of north central
China pre:umably due *, undev >loped liviag condinons. ** T wus, a very high prevalence of
Hp-pos.uve st2*us in both _ases and controls in this study .t d our ability to evaluate this
pathway ir Ap-r-gative subjects. Finally, the ger~.anzabilitv v: our findings to other ethnic

populatior s re nains to be det<.inine 1.

In conclusicn, our evider <o suggests an importan* ,ole for oz..cii~ variation in the Fas
signaling pathway on risk of GC, and in particular CCA, in this lagh - isk Chinese

yduosnuep Joyiny Vd-HIN

population. Th’s association appears to be driven main';, vy genet:_ variation in MAP2K4,
FAF1, MAPKS, C.A5110, _ASP®, CFI AR, MAP2K '. C.\r8AP2, TA172 and IKBKB genes.
Polymorphisms in these ger.>, mav .esult in altered exprrssion, s.9ta:’ng, and/or
interactions with other p- oteins wnat lead te i anges in t e a soprotic orolife ration phenotype
and thus GC risk. Fu ther ivestigation imH the associatic or wus pathw.y with risk of GC
is warranted.

Supplementary Material

Refer to Web version on PubMed Central for sz yiementai v material.
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Table 7

P..away- and g *ne-b: sed P-values for Fas siglaling pathway genes and risk of GC, GCA and GNCA in

< Chinc
o
g [\ T uC vV GCA | GNCA
é: ;hw_ay Gen- D Path . ay l No. ofl_ ” I rath vay | No. of
3 p* A%t | sobg | Ceme PP sNps | Gare ™ | P SNps | GenePg
e :
§ 000055 | marzks | 16 | aoanr | 0.00634 | 16 ) 00520 | cus0sa | 16 0.0127
= FAFI 28 | 0.0039 28 | 20265 | 28 0.0412
- MAPKS | 5 0.0041 5 | 0 36 5 0.0077
-ci' CASPI0 l 5 | oomo “ 0.014 ¢ | 5 0.1817
casps V| o130 9 0.0043 9 0.5739
CFLAR 5 I 0749 5 0.0200 I 5 03181
MAP2KI | 9 0.0185 9 0 4203 I 9 0.4356
CASP8A4’2| s 0.0075 I 8 0.07' 9 | ' 8 0.1397
Pak2 | I 0.047¢ 11 0.1232 1 0.1777
pd kBkB | 6 | 0.0480 6 021 | 5 0.0478
L PARPI 13| 0.065 13| oo4rt | | | 02756
; UBE2] 4 0.0653 | 4 0.18 8 | 4 0.0698
> PAK] ) 00000 11 0.1295 1 0.5396
g'-. NFKB2 3 0.1021 I 3 0.1113 I 3 ) osss
e RBI 8  0.1.29 e 02421 8 L 0871
= PRKDC 11, 0163 | 1 0.0924 | | reras
% RAFI 18 | 21315 | 18 0.1114 | 10 I 0.5416
z DFFB 12 | 01334 | 12 0.0370 | 12 07200
.a CASP6 7 0.1 oo I | 7 0231 | 7 | 2377
CASP2 3 0.1602 I 2 0 2600 2 | 0P
TRAFI 5 0.1988 5 0.0953 l 5| e
TRAF2 7 02183 I 7 0.150% 7 I 0.6°80
ARHGDIB | 19 | 02253 19 0.1476 19 03283
MAP3KS 33 | 02931 33 070 33 I 0.5812 I
= CASP7 19 | 03112 > I 0.530° 19 I 0342 |
T BID 17 | 03137 | 17| 0.2084 17 | oma0 |
'g MAP3K] 17 | 03212 17 03184 17 £.7026
> MaP3ki4 | 10 | 03411 10 | 23 | 10 51382 I
g.._ APAFI 16 | 03866 16 | 02 | 16 0.52.8 I
e DIABLO 2 0.4121 - I 0213 | 2 0.636 I
= LMNB2 6 0.4365 6 0.7307 6 02731 ‘
g PTPNI3 2 | 04500 20 1.3580 ) 0.643
& CASP9 9 0.4541 S 0.0542 9 0.8562 |
-%‘ CASP3 2 0.4695 2 0.2405 2 0.6957 |
- BIRC3 2 0.5177 2 05874 I | 2 07775 |
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GC | GO | GNCA
— I— = 3\ ——
No.
zZ Pathv Gel» Path> -ay | M. of I Pathway | No. of
E P Abb' \ 3; Gene P5 o I SNPs | GeneP* | p* SNPs Gene Pg
1 . !
Y N 7 ;
> BIRCS I 9.5409 I 11 ). 1644 11 0.4939
g | 22 0.5511 22 02186 19 0.8238
=L
8' BI".C2 2 0.5561 2 \ 0.501 I 2 0.8044
Py vl - . .
% CRAT I S Sor 7 i 0.187¢ | 54 0.7499
) LMNA | 4 | Nl I 4 0.3230 4 0.0897
S | |
c FADD | 4 0.6406 v.7635 4 0.6411
(7]
Q CYCS 4 0 AR1ND 4 I 2.5:77 4 0.6315
S RIPK2 10 | 0.6072 10 0.815¢ | 10 0.0497
SUMO1 I v.7013 2 0.8105 I 2 0.6782
MAPK3 I 3 | 07,641 3 0.8107 3 0.8729
DFFA 5 0.7834 5 M.0841 I 5 0.1002
LMNB. | 16 0757/ I 16 0.852 | ' 16 0.0926
CHUK | 5 I 0.8077 5 0.92.° 5 0.7569
Z NFKBI1 ' 15 0.8118 15 0..°86 | ] 0.4729
:.E JUN 4 0.8298 4 0.7242 I g 0.9575
T
> FasLG 7 | 0.8412 I 7 0.93¢8 I 7 0.5939
¢ E > K 6 E
E SMPD2 0.8 4 0.600 4| 09882
5—" DAXX 4 0.9446 [ 4 0.8978 | 4 - 07273
Q —
= Gene-based P-values (P8) are shown 'n orc >r of lowest to + zuest P-vah: » for GC in th * _umbined popul=’.on. P ithway P-value (P*) for all 53
% genes in overall GC, GCA and GNCA ‘re inaivawud. Genes wit'. 8<0.05 for GC are bolded. €'~ ur bars indicaw ~enes commonly or differentially
C associated with risk of GCA and/or GNCr. Abhrer i j0ns (Abbtn): GC, gastric cancer; G ~A, ga<* [c cardia ad noc: "cinoma; GNCA, gastric
(m) noncardia adenocarcinoma; SNP, single nucleotide polymorphism.
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