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INTRODUCTION

Evaluation of the genetic factors underlying the development of lung cancer can

elucidate the etiology of the disease and identify high-risk individuals for targeted screening
and/or prevention.

The transcription factor hypoxia-inducible factor-o. (HIF- o) plays an important role in
the regulation of hypoxic signaling. It has also been reported to be involved in the
progression of solid tumors and associated with various aspects of carcinogenesis, including
tumor metabolism, angiogenesis and metastasis. Although HIF-1 o and HIF-2 o (also called
endothelial PAS domain protein 1: EPAS1) have similar functions in vitro, several recent in
vivo studies on the pathophysiological roles of HIF-2 o have described its role in
angiogenesis during human fetal lung development, especially in the last phases of
pregnancy, preparing the fetus for extrauterine life. In addition, high expression of HIF-2 o
is reported to be associated with poor outcome in various cancers, including lung cancer.
However, whether HIF-2 o is involved in the lung carcinogenesis remains elusive at present.

In the present study, we focused on the EPAS1 (HIF-2 o) gene rs4953354
polymorphism that has been reported to contribute to adap.tation to high-altitude hypoxia in



Sherpas. We conducted a case-control study to explore a possible association of the
134953354 polymorphism with susceptibility to non-small cell lung cancer INSCLC) in
Japanese population, with a special emphasis on adenocarcinoma developed among female

never-smokers.

MATERIALS AND METHODS

A case-control study of 346 patients with NSCLC (adenocarcinoma=249, squamous cell
carcinoma=97) and 247 healthy control subjects was carried out. Genomic DNA was isolated
from peripheral total blood cells or surgically resected normal tissues adjacent to cancers.
Each participant provided written informed consent for the collection of blood and/or tissue
samples and subsequent analysis. Ethical approval was obtained from the Institutional
Review Board of Shimane University Faculty of Medicine, Higashihiroshima Medical Center,
and Hiroshima University Faculty of Medicine.

PCR was performed to amplify the human £PAST gene using specific primer set and
conditions. The following primer set was used to amplify a 281-bp fragment of the EPASI,
which contains polymorphic allele A/G (rs4953354): forward 5 - CTG GGA AAG AGG GAA
TCC AGT GTG - 3 and reverse 5 - CTC AGC CCA CTG TTC TCT CTT TGC - 3. The PCR
reaction conditions were 40 cycles of denaturation at 95°C for 30 s, annealing at 63°C for 30
s and extension at 68°C for 30 s. Direct sequence analysis was carried out using these
primers with Big Dye Terminator Cycle Sequencing Kit™ and ABI PRISM 310 Genetic
Analyzer™ ({Applied Biosystems, Foster City, CA).All the statistical analyses were
conducted, unless otherwise specified, using JMP 9.0.3 (SAS Institute, Cary, NC).

We used statistical language and environment, R for calculation of extended Fisher's

exact test for 2x3 tables. Pvalues <0.06 were considered statistically significant.

RESULTS AND DISCUSSION
The control subjects were slightly younger than the patients, while no difference was
observed for gender distribution and smoking status. The distribution of A/G alleles at
rs49563354 among the control subjects fulfilled the Hardy-Weinberg equilibrium.
Lung adenocarcinoma was significantly more frequent in patients with G allele at the
rs4953354 (odds ratio [OR]=1.607; 95% confidence interval [95%CIl, 1.039-2.484; P=0.032),
compared with normal controls with other genotypes, especially in female never-smokers

(OR=3.31; 95%CI, 1.21-9.01; P=0.017). Mutations in epidermal growth factor receptor



(EGFR) tended to be frequent in patients with G allele at the rs4953354, compared to those
with other genotypes.

To the best of our knowledge, this is the first study that identified a useful biomarker
for the risk of lung adenocarcinoma in female never-smokers. The results showed that the G
allele at the rs4953354 locus of ZPAST polymorphism is associated with significantly high
OR for lung adenocarcinoma in female never-smokers, compared to normal controls with
other genotypes.

Although the mechanisms underlying the high risk was not determined, EPAS1 (HIF-2 o)
may contribute to lung carcinogenesis via the HIF signaling pathway, such as anti-apoptosis,
tumor angiogenesis, modified energy metabolism and genomic instability.

Interestingly, our results showed that the frequency of adenocarcinoma patients with
at least one G allele tended to be higher in those with ZGFE mutations. Although there is no
report examining the relationship between FAGFR mutations and HIF-20, a positive
regulatory loop between EGFR and HIF signals may exist. Database analysis showed that
the rs4953354 is located close to the binding sites of several transcription factors, as
identified by the ChIP sequence, suggesting that the SNP might affect EPAST expression.
Altered EPASI activity by the & allele at the rs4953354 might be involved in not only
activated HIF signals but also induced EZGFE mutations, which could increase the
susceptibility to lung adenocarcinoma. Thus, our study identified a potentially useful
biomarker for high-risk individuals, i.e., female never-smokers, for lung adenocarcinoma.
The results also enhance our understanding of the molecular mechanisms of lung
carcinogenesis in such patients.

Our study has some limitations. Because the majority of the control subjects were
recruited from annual health examinations, age of control did not match that of the patients,
although it was adjusted to be close each other. Smoking history of control was also lacked.
Further, the number of female never-smokers with lung adenocarcinoma was relatively
small. To verify the relationship between the SNP and FGFR mutation, a larger number of

female never-smokers with lung adenocarcinoma is needed.

CONCLUSION
The EPAST rs4953354 is a potentially useful genetic marker for lung adenocarcinoma

in high-risk groups, especially female never-smokers.



A U R O B TR D OfR OB RO EE

Association of EPAS1 Gene rs4953354 Polymorphism With

2o WX 4 Susceptibility to Lung Adenocarcinoma in Female Japanese

Non—Smokers A
A a5 W owm
Fhim LHERER gl #& M &
i *ﬂ 2'5: {fé _ ASE Y
(RXFEOKEROEE Qﬁgw

a3

IS PRGSO 1B VT R FE/NMBR s T, BRIz SR L T A, £, Epidermal growth factor

receptor (EGFR)IBIZE F7 EDHEE R 7 A N—BEFERIIHT 55 FAEINEGREBAREIZ 2 72729 T
Hd, T, FREEREOSF~—I—DBEEMTOA TS,

DAFRRRITIREE R BT I & V) | REE R TR SN S HRG K F-hypoxia-inducible factor (HIF) i,
PR R ERE S SV EHMBERTAZ EICk o T, BEE, BHEH KR EIChrb5, L L, HIF
LR E OR BN L OMBIIARIZEATWAR Y, RIFFETIE, HIF-2a (EPAS1) ®SNP
(rs4953354) & Jififhe = SRR SE ML D JiE 1) et BRIF FE 21T » T,

o G T FE A At AR 3460 (ARIE24 71, Fif R LR 9THI) & EF R H24THITh D, WEE
OFRAG ML F 72 ERFAE A HDNAZ I L, PCRiEA A\ THIF-2a (EPAS]) BT OMMEEITV,
BB EEE H O CRIB TF 2R ORI 21T 72,

rsd953354 DOG7 Lb & Wi O MR O BhE Iz O Tk, BIREE O Lo JEREF FIZB VT, AEIC
CT LI EATHRENE -T2, EPASIDrs4953354DG67T L Ly, MRS OEBRZEEMRKEES
RIREME AV R S 7,

EPASISNPIZ, FEMLHE Lotz 35 1) 5 IR O WTEM AR fEBRIK - & LT, CTH# e &R O & Vil
AP V== TEHAEDLED LT, MYURIJHEEETZDRRBENH D,

[(BRRRBXEIEHORRBOKROEE]

HEEE L, MM, B, ML TRIL. Kok, MR, miaEe SiclbsBE R T
& HHIF-2 a DSNP (rs4953354) ANFEMEHR O LMEZ 31T 2 iR OEN R EREKE - TH b Z & &1
S LT, BESFOMMLBETHY, FAIREITET D & HL 7=, (E#E : Hilt #H)

B3 IR R IS B O HI RS T Td D HIF-2 a BB 1 O — B EE LT A3 JE WL £ o fifi B 8 0 = R
EEM AR ESED Z L 2ERRBEFERICL VA LE, £, HIF- 2o BETFO-EELBZ L 55
T2l A DB OFREME bR L7z, B LB E T, HRICLMOEIZE R, FUREICHET
D EHWr L, (B . 4 1580

REEH 1L, (KEE IS AR 2B 5T AHIF-2 o (EPASL) @SNP (rs4953354) (208 LT, MiiResE R M
EOMEBEIZHOWTHREL, MBEOR ) R IZBEORZ V—=v oA BER2MRAEZ R L, £
T-REERAR L By CHECE LIRS, FESIET AL L Lz, (BlE kA @)




