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Recently, genetic variants in the WNT signaling pathway have been reported to affect the
survival outcome of Caucasian patients with early stage non-small cell lung cancer
(NSCLC). We therefore attempted to determine whether these same WNT signaling
pathway gene variants had similar impacts on the survival outcome of NSCLC patientsin a
Korean population. A total of 761 patients with stages I-IllA NSCLC were enrolled in this
study. Eight variants of WNT pathway genes were genotyped and their association with
overall survival and disease-free survival were analyzed. None of the eight variants were
significantly associated with overall survival or disease-free survival. There were no
differences in survival outcome after stratifying the subjects according to age, gender,
smoking status, and histological type. These results suggest that genetic variants in the
WNT signaling pathway may not affect the survival outcome of NSCLC in a Korean
population.
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Lung cancer is the most common cause of cancer-related deaths. Although the prog-
nosis of lung cancer has improved in the last two decades, the 5-year survival rate is
still poor (approximately 17%) (1). Non-small cell lung cancer (NSCLC), which makes
up about 85% of primary lung cancers, is potentially curable by surgical resection in
the early cancer stage. However, 30% to 55% of NSCLC patients who underwent cura-
tive surgical resection eventually developed cancer recurrence and died of their dis-
ease (2). Therefore, many researchers are trying to find predictive markers for recur-
rence or prognostic markers for survival outcome.

The WNT signaling pathway is a stem cell pathway that has important roles in em-
bryonic development and tissue regeneration (3,4). This signaling pathway was report-
ed to be associated with carcinogenesis in many tissues (5). After the discovery of an
oncogenic effect of WNT1 in a mouse model, the association between the WNT signal-
ing pathway and human cancer has been studied actively (6-10). The WNT signaling
pathway has also been reported to affect the pathogenesis of NSCLC (11,12). Overex-
pression of the WNT gene in NSCLC is thought to be associated with poor prognosis
(13,14). Recently, Coscio et al. (15) investigated the association between single nucleo-
tide polymorphisms (SNPs) of WNT signaling pathway genes and the prognosis of
NSCLC in Caucasians, and they reported that several SNPs of the WNT pathway were
associated with cancer recurrence and survival of patients with early stage NSCLC.

The effect of genetic variants on survival outcome may be different depending on
the ethnic group. Therefore, we investigated whether the SNPs of WNT signaling path-
way genes identified in Caucasians had the same associations in patients with stages I-
IITA NSCLC in a Korean population.

A total of 761 patients were enrolled. Of these, 354 patients who had been diagnosed
with stage [, II or IIIA NSCLC and underwent curative surgical resection at the Kyung-
pook National University Hospital (KNUH) from September 1998 to August 2007; 407
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patients with surgically resected NSCLC for curative purpose
collected by Seoul National University Hospital (SNUH) be-
tween September 2005 and October 2010 were also included in
this study. All of the patients in this study were ethnic Koreans.
Blood samples for genotyping were collected before surgery.
The patients who received neoadjuvant chemotherapy were
excluded, to avoid confounding effects on the DNA. Blood
samples were provided by the National Biobank of Korea,
which is supported by the Ministry of Health, Welfare, and
Family Affairs. Written informed consent was obtained from all
study participants. This study was approved by the Institutional
Review Broad of Kyungpook National University of Hospital (Ap-
proval No.,, KNUMCBIO_11-0001).

Seven SNPs (rs4135385, rs10898563, rs503022, rs629537,
rs11658976, rs3765351, and rs713065), which were associated
with overall survival after adjustment for multiple testing (q <
0.1) in the study of Coscio et al. (15), were selected. The rs2536182,
which was the most significantly associated with recurrence-
free survival and validated in patients from Mayo Clinic, was
also selected (15). A total of eight SNPs were genotyped using
SEQUENOM’s MassARRAY® iPLEX assay (SEQUENOM Inc.,
San Diego, CA, USA). For quality control, the genotyping analy-
sis was performed blind with regard to the subjects.

Continuous variables were compared by Student’s ¢-test, and
categorical variables were examined using the y test. OS was

counted from the day of surgery to the date of death or the last
follow-up. Disease-free survival (DFS) was measured from the
day of surgery until recurrence or death from any cause. The Ka-
plan-Meier method and log-rank tests were used to compare
OS and DFS according to genotype. To estimate hazard ratios
and 95% confidence intervals (CIs), multivariate Cox propor-
tional analysis was used with adjustment for age (< 65 years vs.
> 65 years), gender (male vs. female), smoking status (smoker
vs. non-smoker), histological type (squamous cell carcinoma
vs. adenocarcinoma), pathological stage (stage I vs. stage II or
IITA), and adjuvant therapy (yes vs. no). A P value of less 0.05
was considered statistically significant. All analyses were per-
formed using Statistical Analysis System for Windows, version
9.2 (SAS Institute, Cary, NC, USA).

Demographic and clinical characteristics of the patients are
summarized in Supplementary Table 1. Among the 761 patients,
206 (29.1%) deaths occurred and the estimated 5-year OS was
62% (95% CI, 57%-67%). Upon univariate analysis, the patholo-
gical stage was found to be significantly associated with OS (Log-
Rank P [Pr.r] <1 x 10%). Age, gender, and smoking status were
also associated with OS. The estimated 5-year DFS was 45% (95%
CI, 40%-49%) and only the pathological stage was significantly
associated with DFS (P.r < 1 x 10*). The genotype frequencies
of the eight SNPs were in Hardy-Weinberg equilibrium. The eight
SNPs were not significantly associated with patient- or tumor

Table 1. Associations between variants in WNT signaling pathway genes and survival outcomes in patients with non-small cell lung cancer

Overall survival

Disease-free survival

Variant Gene  Genotype to. OE <% 0. of death 5-yr No.of events  5-yr
(%) o by HRESHO) P e o HRE%ON P

rs2536182 WNT16 GG 575 (76.7) 155 (27.0) 62 1.00 254 (44.2) 44 1.00

GC  166(221)  43(259) 62 093(0.66-1.31) 067 67(404) 48  0.88(0.67-1.16) 037

cc 9(1.2) 3333 78  099(031-313 0.9 4(444) 56 092(034-248) 087
rs713065 FZD4 AA 274 (36.5) 78 (28.5) 63 1.00 120 (43.8) 47 1.00

AG 351 (46.8) 92 (26.2) 62 0.93(0.69-1.27) 0.66 155 (44.2) 43 1.03(0.81-1.31)  0.81

GG 125 (16.7) 32 (25.6) 61 0.92 (0.61-1.39)  0.69 51 (40.8) 46 1.01 (0.73-1.41) 094
rs10898563 FZD4 AA 650 (86.9) 179 (27.5) 63 1.00 294 (45.2) 44 1.00

AG 95(127)  24(253) 54 122(0.80-1.88) 0.36 35368 45  1.01(0.71-144 095

GG 3(0.4) 000 100 - 0.98 1333 50 053(007-379 053
r$3765351 WNT4 GG 603 (80.0) 163 (27.0) 63 1.00 259 (43.0) 47 1.00

GA 142 (18.8) 35 (24.7) 63 0.98 (0.68-1.42)  0.93 66 (46.5) 36 1.15(0.87-1.51) 0.33

AA 9(12) 3333 58 130(041-412) 0.6 A(444) 56 143(053-390) 048
rs4135385 CTNNB1 GG 205 (27.9) 54 (26.3) 66 1.00 88 (42.9) 45 1.00

GA 384 (52.2) 108 (28.1) 59 1.07 (0.77-1.48)  0.70 173 (45.1) 43 1.10(0.85-1.42)  0.49

AA 146 (19.9) 32 (21.9) 71 0.83(0.53-1.29)  0.40 56 (38.4) 52 0.88 (0.62-1.23)  0.44
rs503022 WNT5A @ 614 (82.3) 165 (26.9) 62 1.00 263 (42.8) 45 1.00

CA  128(17.2)  36(281) 64 090(0.63-130) 058 61(47.7) 43 1.00(0.76-1.33) 098

AA 405) 000 100 - 0.97 102500 67 039(0.06-281) 035
r$629537 WNT5A GG 619 (82.6) 166 (26.8) 62 1.00 265 (42.8) 45 1.00

GA 127 (17.0) 36 (28.4) 64 0.90 (0.63-1.30)  0.58 61 (48.0) 43 1.00(0.75-1.32)  0.98

AL 304 000 100 - 0.97 1333 67 060(008-433 062
rs11658976 WNT3 GG 272 (36.2) 71 (26.1) 64 1.00 116 (42.7) 45 1.00

GA  374(497) 108(289) 58 1.14(0.84-1.54) 040 167(447) 44 1.05(0.83-1.34) 0.67

M 106(141)  24(226) 72 079(0.49-1.26 0.32 47443 45 096(068135 079

*Proportion of survival derived from Kaplan-Meier analysis; fCalculated using multivariate Cox proportional hazard models, adjusted for age, gender, smoking status, tumor his-

tology, stage, and adjuvant therapy. HR, hazard ratios; Cl, confidence interval.
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related factors, such as age, gender, smoking status, histological
type, or pathological stage (data not shown). Among 8 SNPs,
the WNT5A 15503022 and rs629537 were in strong linkage dis-
equilibrium (LD) (Supplementary Fig. 1).

The associations between the eight SNPs of WNT signaling
pathway genes and survival outcome of patients with NSCLC
are shown in Table 1. None of eight SNPs were significantly as-
sociated with OS or DFS. In addition, when patients were cate-
gorized according to age, gender, smoking status, and histologi-
cal type, no significant associations were found between the
SNPs and survival outcome (data not shown).

We attempted to determine the impact of SNPs of WNT sig-
naling pathway genes on the survival outcome of Korean pati-
ents with NSCLC. However, this study found no significant as-
sociation in this regard. In addition, there was no evidence of
any effect modification by age, gender, smoking history, or tu-
mor histology.

Coscio et al. (15) reported that CTNNBI rs4135385, FZD4
110898563, WNT5A rs503022, WNT5A 1s629537, WN13 rs1165
8976, and WNT4 rs3765351 were associated with poor OS in
stage I or Il NSCLCs. The FZD4 rs713065 variant was associated
with better OS (15). In this study, the SNPs related with OS in
the study of Coscio et al. (15) were not associated with survival
outcome in Korean NSCLC patients. In addition, there were no
differences in OS according to SNPs in patients with stage I or II
NSCLC (Supplementary Table 2).

Although the reason for the discrepancy in the two studies is
unclear, the different genetic backgrounds of Caucasians and
Koreans may be a major reason. For example, the minor allele
frequency of rs10898563 is 0.35 in Caucasians but 0.07 in Kore-
ans (Supplementary Table 2). Differences in minor allele fre-
quencies according to ethnic groups can dramatically reduce
the statistical power of a replication study (16). The heterogene-
ity of LD patterns across populations could be another reason
for the replication failure (17). Because true functional variant(s)
may be linked to the investigated variants, differences in LD pat-
terns across ethnic groups can be a confounding factor for a
replication study. Therefore, additional studies are needed to
clarify the effect of WNT signaling pathway gene SNPs on the
survival outcome of NSCLCs in diverse ethnic groups. Further
studies of other SNPs in the study of Coscio et al. (15) are also
needed.

In conclusion, the present study found that SNPs of WNT sig-
naling pathway genes, which were related to survival outcome
in Caucasian NSCLC patients, did not have the same significant
association in Korean NSCLC patients.
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Supplementary Table 1. Univariate analysis for overall survival and disease-free survival by age, gender, smoking status, histological type, pathological stage, and adjuvant
therapy

Overall survival Disease-free survival
Variables No. of cases No. of death 5-yr Log-Rank No. of event 5yr Log-Rank
(%)* (%)" P (%)" (%)" P
Overall 761 206 (29.1) 62 334 (43.9) 45
Age (yr)
<65 374 87 (23.3) 69 2.0x10% 159 (45.1) 48 0.13
> 65 387 119 (30.8) 68 175 (45.2) 41
Gender
Male 558 172 (30.8) 59 3.0x10* 257 (46.1) 42 0.11
Female 203 34 (16.8) 72 77 (37.9) 52
Smoking status
Never 226 39(17.3) 74 2.0 x 10* 88 (38.9) 50 0.15
Ever 535 167 (31.2) 57 246 (46.0) 43
Pack (yn*
<40 247 70 (28.3) 58 0.20 109 (44.1) 43 0.61
> 40 288 97 (33.7) 56 137 (47.6) 42
Histological type
Squamous cell ca. 334 103 (30.8) 60 0.14 145 (43.4) 47 0.24
Adenoca. 411 97 (23.6) 64 179 (43.6) 43
Large cell ca. 16 6 (37.5) 59 10 (62.5) 35
Pathological stage
| 369 58 (15.7) 76 <1.0x 10" 105 (28.5) 60 <1.0x10*
[I-+IA 392 148 (37.8) 50 229 (58.4) 31
Adjuvant therapy®
No 181 72 (29.8) 49 0.60 101 (55.8) 37 0.26
Yes 211 76 (36.0) 50 128 (60.7) 25

*Row percentage; "Proportion of survival derived from Kaplan-Meier analysis; *In ever-smokers; SIn pathological stage lI+IlIA: 190 cases received paclitaxel- cisplatin, 17 cases
received radiotherapy, and 27 cases received chemotherapy and radiotherapy.
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Supplementary Table 2. Overall survival and disease-free survival of SNPs associated with WNT signaling pathway in patients with stage | or Il non-small cell lung cancer

Allele Overall survival, P value* Disease-free survival, P value*
SNP Gene Chr MAF* MAF!

change Dominant  Recessive  Codominant Dominant  Recessive  Codominant
rs2536182 WNT16 7 G>C 0.12 0.48 0.77 0.63 0.90 0.89 0.42 0.64
1s713065 FZD4 11 A>G 0.40 0.37 0.99 0.93 0.96 0.69 0.87 0.31
rs10898563 FZD4 ih A>G 0.07 0.35 0.78 0.98 0.90 0.78 0.98 0.86
1s3765351 WNT4 1 G>A 0.11 0.56% 0.50 0.69 0.48 0.05 0.54 0.47
rs4135385 CTNNB1 3 G>A 0.46 0.75% 0.77 0.46 0.81 0.98 0.44 0.70
rs503022 WNT5A & C>A 0.09 0.16 0.80 0.98 0.62 0.48 0.97 0.94
rs629537 WNT5A 3 G>A 0.09 0.16 0.87 0.98 0.73 0.62 0.97 0.68
1511658976 WNT3 17 G>A 0.39 0.60% 0.69 0.38 0.88 0.57 0.95 0.05

*Minor allele frequency of this study; "Minor allele frequency of the study of Coscio et al. (15); *Adjusted for age, sex smoking status, stage, histology and adjuvant chemothera-
py; *Note that the minor alleles may differ by ethnic groups. Chr, chromosome; MAF, minor allele frequency.
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Supplementary Fig. 1. Linkage disequilibrium map in the current study. The numbers in the squares are r? values. (A) WNT rs5030222, rs629537 and CTNNBT rs4135385.
(B) FZD4 rs713065 and rs10898563.
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