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decision-making process for patients with advanced NSCLC. Re-
ports on the association of SNPs in several other DNA repair genes
with prognosis of patients with NSCLC who received chemother-
apy also suggested their associations with the outcome of the
patients.””""* However, sample sizes were small (50 to 250 pa-
tients), and only four to 15 genomic polymorphisms were investi-
gated in those studies. In addition, the data in each trial were not
confirmed by an independent validation set. Therefore, clinical
importance of these SNPs still remains unclear.

We previously searched for nonsynonymous (ie, associated
with amino acid changes) SNPs in 36 DNA repair genes involved in
diverse intracellular processes that maintain genome integrity and

identified 29 SNPs in 26 DNA repair genes, whose minor allele
frequencies were more than 5% in Japanese patients'® (Table 1).
Thus, in this study, we conducted a single-hospital-based retro-
spective analysis of 640 patients with NSCLC to elucidate associa-
tions of these 29 SNPs and the ERCC1 SNP above® with the
patients’ outcome after platinum-based doublet chemotherapy. To
minimize type I errors, the significance of candidate SNPs picked
up by the first discovery set were validated by using the second
independent validation set. We chose the response evaluated by the
Response Evaluation Criteria in Solid Tunors ( RECIST)'® as the
primary end point of outcome to search for predictive factors for
the primary effect of chemotherapy.

Table 1. 30 SNPs in DNA Repair Genes
Amine Acid/ Minor Allele Frequency
S Nucleotide
Pathway Gene  {rs number) Change Japanese® Japaneset Chineset Europeant Africant
29 Nonsynonymous SNPs (associated with amino acid change)
XCISION repair
PARFP1 151805412 Val762Ala 0.48 0.17 0.01
151136471 Lys@40Arg - -
APEX 151130409 Asp148Glu 0.51 0.28
MBD4 15140693 Glu3dblys 0.41 0.00 0.03
MTHT 1s4866 ValgZMet - -_— - _—
OGGT 181052133 Serd26Cys 0.62 0.50 0.22 0.14
XRCC1 rs1799782  Arg194Trp 0.28 0.24 0.09 0.08
1526489 Arg280His e Ao 0.03 0.03
rs25487 Arg399Gin 0.28 0.27 -— 0.10
Nucleotide excision repair
XPG 1517655 His1104Asp 0.42 0.73 0.46
cs8 152228528  Gly399Asp 0.45 0 0.19 0.22
NPC 152228001 L 0.40 0.38 0.41 0.26
XPD 1813 1ys761GIn 0.05 0.06 0.33 0.18
Mismalch repair
MLHZ 1175080 Progddleu 0.14 013 0.43 0.41
MSH3 1s26279 Thr1 045Ala 0.22 0.37 0.22 0.40
MSHE 151042821 Gly39Gly
DNA double-strand break repair
BRCA? 15144848 Asn372tis 0.22 0.3 0.21 0.29 0.13
SNM1 3750898  His317Asp 0.26 0.26 0.10 0.27 0.74
NBST rs1806794  GIni84Glu 0.50 0.46 0.49 0.28 016
RCC3 1861539 Thrza1Met 0.09 0.1% 0.07 0.42 0.24
DNA damage response
TP53 11042522 Arg72Pro 0.33 0.23 0.49 041 0.67
DNA polymerase
POLD? Arg119HIS 0.22 018 0.06 0.35
PoLL Thi731Ala 0.28 0.29 0.26 0.00
RCV1 Phe257Ser 0.30 0.37 0.30
POLZ  rs462779 Thr122:4lle 0.43 0.43 0.38
Other pathways
BIM 1528384991 Thr2ysMet 0.09 - - - -
FANCA Ser501Gly 017 016 0.21
Thr297lle 0.12 013 0.01 0.14
WARN 151346044 Cys1367Ag 0.09 0.07 0.08 015
One synonyrnous SNP
{not associaled with amino acid change)
Nucleotide excision repair
ERCCT 1511615 c11aT — 0.29% 022 Q.68 0.02
Abbreviation: SNP. single nucleotide polymorphism.
“Frequency in Japanese determined by Sak tal’®
‘tFrequency determined by the HapMap proj
tFrequency in Japanese (T. Kohno, unpublished data).
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Selection of Study Population and Acquisition of
Clinical Information

In total, 987 patients with NSCLC with clinical stages TIA, I11B, and IV
tumors, who had not received prior platinum-based chemotherapy, were
given platinum-based chemotherapy at the National Cancer Center Hospital
in Tokyo, Japan, from 2000 to 2008 (Fig 1A). Clinical information was ob-
tained by attending physicians and nurses. Of the 987 patients, 640 were
eligible for the study according to the following criteria: they were not indi-
cated for definitive chemoradiotherapy; they received a platinum-based dou-
blet but not single or triplet chemotherapy; and their tumor response was
evaluable according to RECIST'® on the basis of data from computed tomog-
raphy scans. However, those with dlinical or radiologic evidence of early
progression, such as emergence of new lesions, were included as patients with
progressive disease (PD) in the analysis, even when unaccompanied by
Lorrespondmg computed tomography scans, according to the definition in
RECIST.'® All patients were Japanese and were diagnosed with adenocarci-
noma (ADC), squamous cell carcinoma (SQC), or other histologic types of
NSCLC according to WHO classification'”*® (Table 2).

Written informed consent was obtained from all patients for the use of

blood cells for the analysis of genetic polymorphisms in association with
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Fig 1. Patients and strategy. (A Selection of eligible cases. (B) A two-phase
screening of single nuciectide polymorphisms (SNPs) associated with re-
sponses 10 platinum-based doublet chemotherapy. ©t, platinum: £TX, pacli-
taxel; GEM, gemcitabine.
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clinical findings, including response to chemotherapy. Thus, 201 patients in
the discovery set received therapy from 2000 to 2004, and 439 patients in the
validation set received therapy from 2004 to 2008. Information on response in
a subset of patients was obtained from the data in clinical trials conducted at
the National Cancer Center Hospital.****" This study was approved by the
institutional review boards of the National Cancer Center. Smoking habit was
recorded by pack-years. Patients with pack-years > 0 were defined as smokers,
including both former and current smokers. Patients who report no smoking
history (ie, pack-years = 0} were defined as never-smokers.

Chemotherapy

Patients were treated with one of the following regimens: (1) paclitaxel
200 mg/m? followed by cisplatin 80 mg/m?, carboplatin at a dose calculated to
produce an area under the serum concentration-time curve of 6.0 min -
mg/ml, or nedaplatin 100 mg/m® on day 1, xepewled every 3 weeks; (2)
docetaxel 60 mg/m? followed by chpla\m 80 mg/m” on day 1, repeated every3 3
weeks; (3) vinorelbine 25 mg/m* on days I and 8 and cisplatin 80 mg/m® on
day 1, repeated every 3 weeks; (4) gemcitabine 1,000 mg/m? on days | and &
and cisplatin 80 mg/m” or carboplatin to area under the serum concentration-
time curve of 5.0 min - mg/mL on day 1, repeated every 3 wecks; or (5)
irinotecan 60 mg/m® on days 1, 8, and 15 and cisplatin 80 mg/m” on day 1,
repeated every 4 weeks. Each treatment was repeated for two or more cycles
unless the patientnet the criteria for PD or experienced unacceptable toxicity.
Chemotherapy dosage was modified by toxicities in subsequent cours

Genetic Analysis

A 20 mL whole-blood sample was obtained from each patient, and
genomic DNA was extracted from whole-blood cells.”> Genotyping for 30
SNPs in 27 genes was performed by pyrosequencing or TagMan methods as
previously described.'>?!

Statistical Analysis

Patients were divided into two categories: responders were those with
complete response and partial response, and nonresponders were those with
stable disease and PD. Odds ratios (ORs) and 95% Cls for the response (ie,
responder v nonresponder) according to genotypes were calculated as a mea-
sure of difference in the response rate against therapy. ORs were calculated by
adjusting sex (male v female), age (increase by 10 years), performance status (0
v 110 2), smoking status (never-smoker v smoker), stage (I v IV), and
chemotherapy (platinum plus a DNA-damaging agent v platinum plus a
mxcrombule -targeting agent) by using an unconditional logistic regression
analysis.* P value by the trend test was also calculated by using an uncondi-
tional logistic regression analysis under the same adjustments as above. Differ-
ences in the response between two chemotherapeutic regimens according to
genotypes were examined by calculating P values for interaction with the
regimens on the trend of OR for response,

A two-phase screening was used to search for SNPs associated with the
response to chemotherapy (Fig 1B). In the first phase, 29 SNPs were examined
for associations with the response and differences in the association according
to regimens in 201 and 138 patients (for whom paclitaxel or gemcitabine
therapy was used, respectively) in the discovery set. In the second phase, SNPs
that showed P values < .1 by the trend test for association with the response
and Pvalues < .2 for interaction with the regimen were subjected to genotyp-
ing of 439 and 417 patients (for whom paclitaxel or gemcitabine was used,
respectively) in the validation set. SNPs that showed P values < 1 for associ-
ation with the response and P values <2 .2 for interaction with the regimen in
patients in the validation set were further subjected to analysis in all 640 and
555 patients, respectively. Progression-free survival (PFS) was defined as the
period from the first day of chemotherapy to the date of documentation of
disease progression by RECIST and overall survival (OS) was defined as the
period from the first day of chemotherapy to death. Hazard ratios (HRs) for
PFS and OS and 95% Cls were calculated by using multivariate Cox propor-
tional hazards models with adjustment for sex, age, histology, performance
status, smoking status, clinical stage, and treatment as above. Statistical analy-
ses were performed using JMP version 8.0 software (SAS Institute, Cary, NC).
Alevel of P << .05 was considered significant, whereas a level of P < .10 was
considered marginal.
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Table 2. Patient Characteristics
All Discovery Set* Validation Set
Variant No. % 95% €l No. % No. %
Total patients 640 201 429
Age, years
Mean 57.9 57.2 58.2
Range 22-78 2278 26-74
= Standard deviation 9.2 10.0 8.1
Sex
Male 402 62.8 136 266 60.6
Female 238 37.2 65 173 39.4
ECOG performance status
[¢] 218 34.1 46 172 39.2
1 402 62.8 163 249 56.7
2 20 3.1 2 18 4.3
Histologic cel
Adenocarci 6549 85.6 167 a3.1 382 87.0
Sauamous cell carcinoma 84 131 34 16.9 50 11.4
Others 7 14 0 0.0 7 1.6
Smoking habit
Never-smoker 233 36.4 74 36.8 169 36.2
Smoker 407 63.6 127 83.2 280 63.8
ack-years of simokers
Mean 46.3 459 46.5
= Standard deviation 29.6 204 20.7
Stage
n 172 26.9 80 29.9 112 255
na 24 3.8 12 6.0 12 2.7
mne 148 23.1 48 239 100 228
v 468 73.1 141 701 327 74.5
Tumor response
Responder 231 74 57 36.8
CR 4 0 4 0.9
PR 227 7 163 34.9
Non-responder 409 127 282
SD 232 0 162
PD 177 57 120
Platinum-ased regimens
Platinum + a microtubule-ta: 478 744 129 347 79.0
Paciitaxelt 433 67.7 a8 335 6.3
Docetaxelt 8 3 2 8 1.4
Vinorelbine$§ 356 5.5 29 8 1.4
Flatinum + a DNA-damaging agent 164 25.6 72 92 210
Gemcitzbiney 122 19.1 40 82 8.7
Irinotecan| 42 6.6 32 10 23
PFS, median month
Platinum + Paclitaxel 4.7 421053
Flatinum ¢ Gemcilabine 16 381564
Responder 6.1 5.7106.4
Nonresponder 3.0 2.71033
Abbreviations: ECOG, Eastern Cooperative Oncology Group, CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease, PFS,
progression-free surviv:
“Genotype for 28 nonsynonymous DNA repair gene single nucleotide polymorphisms were determined by Sakiyama et 3l
Cisplatin or carbopiatin or nedaplatin + paclitaxel.
1Cisplatin + docetaxel.
§Cisplatin + vinorelbine.
I Cisplatin or carboplatin + gemcitabire
liCisplatin + irinotecan
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Association of a TP53-Arg72Pro SNP With Response
to Platinum-Based Doublet Chemotherapy

Among 987 patients with NSCLC who were treated with
platinum-based chemotherapy, 640 were eligible for this study (Fig
1A). Characteristics of these patients are summarized in Table 2.
Genotypes for the 29 nonsynonymous SNPs in 26 DNA repair genes
had been determined in 201 of the 640 patients in our previous study'®
(the discovery set in Table 2). Therefore, associations of these 29 SNPs
with responses to chemotherapy were first investigated in these pa-
tients (Fig 1B). Six of the 29 SNPs fulfilled the criteria described above
(P <1 by the trend test; Appendix Table A1, online only); thus, they
were further genotyped in the remaining 439 patients (the validation
set in Table 2). Only one SNP, TP53-Arg72Pro, reproducibly showed
anassociation that met the criteria (P <. I; Fig 1B and Appendix Table
Al). In the analysis of all 640 patients, TP53-72Pro, the minor allele,
was associated with a better response (P = 9.5 X 10 by the trend test;
Table 3), and response rates increased according to the increase in the
number of minor alleles (Fig 2A). Minor allele homozygotes showed a
better response rate (54.3%) than major allele homozygotes (29.1%;
P =44 X 1077). The association remained significant after Bonfer-
roni correction (ie, < 0.05/29 = 1.7 X 10°). Response rates of
heterozygotes and homozygotes for the TP53-72Pro allele were higher
in SQC than in ADC (Fig 2A and Table 3).

In the Cox proportional hazard model, minor allele homozygotes
showed a significantly longer PFS than major allele homozygotes (HR,
0.85; 95% CI, 0.74 to 0.98; P = .020). The HR for progression of these
homozygotes in SQC (HR, 0.67;95% CI, 0.45 t0 0.98; P = .041) was lower
than that in ADC (HR, 0.89; 95% CI, 0.76 to 1.03; P = .13). Minor allele
homozygotes showed asignificantly longer OS than major allele homozy-
gotes (HR, 0.86;95% CI, 0.74 t0 0.99; P = .039). The HR for death of these
homozygotes in SQC (HR, 0.66; 95% CI, 0.43 t0 0.98; P = .037) was lower
than that in ADC (HR, 0.87; 95% CI, 0.74 to 1.02; P = .13).

SNP 1511615 (C118T) in the ERCCI gene was reported to be
associated with response to platinum-based chemotherapy of
NSCLCH thus, it was also examined for association with response
in all 640 patients. Minor allele homozygotes for the ERCCI SNP
showed a higher response rate than others, consistent with a recent
report®; however, the association was not statistically significant
(Appendix Table A2, online only).

Differential Response According to Chemotherapeutic
Regimens by PARP1 Genotypes

We next investigated whether or not SNPs in DNA repair genes
affect responses differentially according to chemotherapeutic agents.
Paclitaxel (433 patients; 68%) and gemcitabine (122 patients; 19%)
were the most and second-most commonly used drugs in the
platinumn-based regimens (other drugs were also used but less frequently
{2 10%; Table 2]). Therefore, differences in the response among the

Table 3. Association of TP53 Genotypes With Response to Chemctherapy in 640 Patients With NSCLC
Nonresponders  Responders
NSCLC Genotype % No. % Response Rate (%)* OR 95% Cl P P by Trend Test
All ArgiArg 175 72 3.2 29.1 9.5 x 107"
Arg/Pro 197 .2 115 49.8 26.9 0.96 to 1.99 0821
Pro/Pro 37 9.0 a4 19,0 54.3 3.02 11710518 4.4 <10 5t
Dorninant 1.63 1.15102.30 00531
Recessiva 2.48 1.54104.04 2.1 x 107
Adenocarcinoma Arg/Arg 152 42.2 64 339 29.6 Reference .0024
Arg/Pro 176 48.9 90 476 338 118 .3e%
Pro/Fro 32 8.9 36 52.2 2.67 8.7 4107
Dominant 1.42 7 0823
Recessive 2.44 1.44104.16 82X 107
Squamous cell carcinorna — Arg/Arg 21 46.7 7 26.0 Rele o6 .0032
Arg/Pro 19 42.2 23 54.8 3.63 1 10135 0334
PiofPro 5 1. 9 64.3 87N 1.64 10 62.5 0104
Donunant 4.62 1.621016.3 0621
sive 3.85 1.021017.6 1
Smoker Arg/Arg 98 44 27.7 31.0 Reference .0084
Arg/Pro 124 83 553 41.5 1,62 0.897 to 2.41
26 27 170 50.9 231 118104.50
1.66
1.78
Nevar-smoker ArgiArg 77 47.0 26 369 26.7 Reference 0052
Arg/Pro 73 44.5 27 315 27.0 1.06 0.55 10 2.02 87§
ProfPro " 6.7 17 236 60.7 531 2 0163 68 x1077§
Dominant 161 1.56 0.8610 148
Recessive 4.76 20210118 36 <1077%
Abbrevigticns: NSCLC, non-small-celi kung cancer; CR, odds ratio.
“Fraction of responder.
*OR for responder against nonresponder adjusted for sex, age, histology, smoking statu: inical stage, performance status, and treatment.
+OR for responder against nonresponder adiusted for sex, age, smoking s, clinical e. performan tus, and treatment.
SOR for responder against nonresgonder adjusted for sex, age, histology, clinical stage, performance stat d treatment.
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Fig 2. (A) Response rates according to TP53 genotypes in {ieft) all patients and those with imiddle)
tes according to PARPT genotypes in {left) all patients and those treated with {(middle! platinum plus pacli

Response rate is shown with its sampling variations estimated by 85% CI.

agents according to genotypes were investigated in 555 patients who
received chemotherapy with either of these two regimens.

Among 201 patientsin the discovery set, 1 38 received chemother-
apy with regimens using paclitaxel (98 patients) or gemcitabine (40
patients; Fig 1B). Five of the 29 SNPs met the criteria in these 138
patients (P <0 .2 for interaction). Therefore, these five SNPs were
further genotyped for 417 patients who received chemotherapy with
regimens using paclitaxel (335 patients) or gemcitabine (82 patients)
among 439 patients in the validation set. Only one SNP, poly (ADP-
ribose) polymerase 1 (PARP1) -Lys940Arg, reproducibly showed
P << .2 for interaction (Appendix Table A3, online only). This SNP
showed a statistically significant interaction with the regimens on the
response when analyzed in all 555 patients (P= .019 for interaction;
Fig 1B, Appendix Table A4, online only), although the assodiation did
not remain significant after Bonferroni correction (ie, > 0.05 of 29
SNPs tested = 1.7 X 107°). Heterozygotes for this SNP showed a
better response rate to the paclitaxel regimen (45.8%) than to the
gemcitabine regimen (10.5%; Fig 2B). There were no minor allele
homozygotes for this SNP in this population.

§  © 2010 by American Society of
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ocarcinoma {ADC)

d lrightt squamous cell carcinoma (SQC).
axel or {right) platinum plus gemcitabine.

PFS according to the PARP1-Lys940Arg genotype was compared
between the two regimens. In the Cox proportional hazard model, the
risk for progression of major allele homozygotes with the platinum/
paclitaxel treatment was similar to that with the platinum/gemcit-
abin treatment (HR, 0.97: 95% CI, 0.86 to 1.09; P = .60).
Conversely, the risk of heterozygotes with the platinum/paclitaxel
treatment was smaller than that with the platinum/gemcitabine
treatment, although it was not statistically significant (HR, 0.82;
95% CI, 0.59 to 1.17; P = .27). SNPs in TP53 and ERCC! did not
show differential associations according to regimens (Appendix
Table A4).

An SNP in the TP53 genes was shown to be associated with the
responise to platinum-based doublet chemotherapy. In this study,
association results obtained by the discovery set were confirmed by
using an independent validation set. The association of the p53-72Pro
allele with a better response to platinum-based doublet chemotherapy

Journat oF Crintcat, ONCOLOGY

Information downloaded from jco.ascopubs.org and provided by at Kokuritsu Gan Center on October 14, 2010 from
Copyright © 2010 American Sotfétyl 80 @4dical Oncology. All rights reserved.



SNPs

With

retained statistical significance after Bonferroni correction. Therefore,
the results strongly indicate the importance of p53-Arg72Pro SNPas a
determinant for the response to platinum-based chemotherapy.
TP53 is a tumor suppressor gene somatically mutated in 40% to
70% of NSCLCs.™ p53-72Arg protein has a greater activity to induce
apoptosis than p53-72Pro protein’®; however, the relationship was
reported as being the reverse in mutant p33 proteins.*>* p73, a p53-
related protein, plays a role in apoptosis in anticancer agents for cancer
cells carrying TP53 mutations; however, its function is abrogated by
mutant p53 proteins. The abrogating activity is greater in mutant p53
proteins with the Arg residue at codon 72 than in those with the Pro
residue.”>*® In an analysis of 25 patients with head and neck cancer,
those with a TP53 mutation on the 72Pro allele showed a better
response than those with a mutation on the 72Arg allele with cisplatin-
based chemoradiotherapy.”® Similarly, in this study, the TP53-72Pro
allele appeared to conter a better response to platinum-based doublet
chemotherapy in patients with NSCLC (Fig 2A). Ina previous study,"!
patients with NSCLC who carry the TP53-72Pro allele also showed a
better OS after cisplatin-gemcitabine treatment, although the association
did not reach statistical signiticance. These results indicate that p53 mu-
tants with the Pro residue at codon 72 only weakly inhibit the function of
P73 protein in NSCLC cells and therefore efficiently induce apoptosis of
NSCLC cells treated with platinum and other anticancer agents. In fact,
the effect of this SNP was more apparent in patients with SQC than in
patients with ADC (Fig 1A), consistent with the fact that TP53 mutations
are more frequent in SQC than in ADC.”” Since tumor specimens for
examination of somatic TP53 mutations were not available for these
patients, TP53 status in their tumor cells could not be determined. There-
fore, we could not conclude whether this differential association was really
due to differences in TP53 mutations. An association study of patients
with NSCLC informative for somatic 7P53 mutation will provide a more
complete picture of the role of TP53 SNP in chemotherapeutic responses.
The PARPI-Lys940Arg genotype was suggested to differentially
affect the response according to chemotherapeutic agents (Fig 2B),
although the association was not significant after Bonferroni correc-
tion and needs validation. The PARPI gene encodes poly (ADP-
ribose) polymerase 1, which regulates multiple processes for DNA
repair, such as DNA strand break repair.”® It is noted that suppression
of PARP activity has been recognized as a method of tumor suppres-
sion in breast and other cancers™ and that a PARP inhibitor enhanced
the cytotoxic activity of gemcitabine. ™ The biologic significance of the
PARPI-Lys940Arg SNP is unknown at present; however, the lysine-
arginine residue at codon 940 is located in the catalytic domain of the
PARP! protein.” Therefore, this polymorphism may cause differ-
ences in the activity of PARP1 protein that affect the response to some
chemotherapeutic agents, in particular to DNA-damaging agents.
Interestingly, the frequencies of the TP53-72Pro allele are known
to be different among ethnic populations, although those of the
PARP1-940Arg allele in other ethnic populations are unknown at
present (Table 1). Therefore, examination of these two SNPs in
NSCLC patient populations other than Japanese will also help
clucidate the mechanism of interethnic differences in the outcomne
of patients after chemotherapy, as recently discussed.™
Tdentification of polymorphisms associated with drug toxicities
is also important to develop customized chemotherapies. For in-
stance, the UGT1AT gene polymorphisms are known to be associated
with the toxicity of irinotecan, such as neutropenia.™ In this study, the
TP53 and PARP1 SNPs were not associated with grade 4 hemato-

W jeo.org
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logic toxicities, including neutropenia (data not shown). There-
fore, genetic factors responsible for response are likely to be
different from those for toxicity. In addition, associations of these
two SNPs with responses were not significantly different according
to smoking habit (P > .05 for interaction with smoking; for TP53,
sce Table 3); therefore, these SNPs are likely to contribute to the
response irrespective of smoking.

Our study has several limitations. This is a single-institution
retrospective study with various therapeutic regimens. Therefore,
the effects of SNPs on differential responses according to chemo-
therapeutic agents were only preliminarily investigated. The results
should be confirmed by a larger, preferably prospective, cohort
using a defined set of agents. More extensive analyses of interaction
between SNPs and responses to chemotherapeutic agents will also
be worth performing. Another limitation of this study is that,
although the TP53 polymorphism was significantly associated with
response to chemotherapy, differences in PFS and OS were only
modest. We chose the response as the primary end point of efficacy
to pick up subgroups for which chemotherapy does work. Al-
though this information would be potentially valuable, clinical
response alone would be inadequate to improve the outcome of
patients with advanced NSCLC. Therefore, investigation of poly-
morphisms in other genes might provide more information for
individually optimized chemotherapy. Indeed, a few other SNPsin
DNA repair genes have been reported to be associated with prog-
nosis of patients with NSCLC.”*"'* In addition to ERCCI-118T,
the APEX-148Asp, XRCCI-399Arg, and XPD-751Gln alleles,
which had been reported to be associated with favorable prognosis
of patients,”' ™" were consistently more frequent in responders
than in nonresponders in our study population (Appendix Table
A2), although these SNPs did not fulfill the criteria as validated
predictive factors in this study.

In conclusion, our extensive analysis of 30 SNPs in 27 DNA
repair genes identified the TP53and PARP] SNPs as strong candidates
for defining inter-individual differences in the response to platinum-
based chemotherapy of NSCLC. Our results indicate the significance
of SNPs in DNA repair genes in the outcome of patients with NSCLC
and also imply the utility of these SNPs as predictive markers for
responses to chemotherapy. Further investigation is warranted.
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Appendix

Table A1. Association of Six DNA Repair Gene SNPs With Response to Platinum-Doublet Chemotherapy
Discovery Set in = 2011 Vakdation Set {n = 439
Non No-
respencers  Responders tesponders Responders
T T fesponse frend T T Response
Sere  SNP Gerotpe No. % No. % Raw (%4 OR1 P 2 No. % No % Rae®  ORF %% I ° Trand P
e Arg77Pr Ay 17 25 23 29 o 084 21 429 a8 3z I8 Ralorenge 82 %107
Pro L I 91y 122 0ET w244 &3 '3E 489 /5 w03 6.4 142
Pro 1N s 67 23 0001060 063 21 Bz 20 185 b 26
aminant 1 » 166
Facusson 2 54 259
ERCCE GIvI9BAsp  Glv/Gly 26 208 22 297 458 Reference 048 85 30 Relerence 17
GlyiAsp Ti 60.6 1 358 G54 D261 054 41500 .68 .43 10 1.06 087
Aspidsp 24 189 273 032 0.085100.94 038 56 189 1 073 0.41101.28 2?2
Domirant 051 02510108 062 669 04510105 081
ot @ 068 02411.38 23 (Ul 0.55 10 1.50 72
FoLbt o 0 288 Reloenc o635 91 B0 357 Refsrenco
TR si0 Flio715 245107 9038 56 367 364 124 0@ a2
Hisfhs 4 3 7 333 126 0131675 81 13 46 10 6 5 156
Domiriant £H10628 4.1 x107° 1.28
Racessio e 010457 ” 1 1
APEXT  AsplagGii - AsplAsy a1 ez 21 24 3zc Reference oS 12 ac 85 413 365 srence HE
483 3/ 50.0 dia 1.38 07110275 35 29 abj 68 433 &5 087 .56 10134 52
i) no 13 176 481 0.EY 166 0 i 153 315 .38 o183 a
Domirant 0.82t02.33 7 o9 06110137 66
Recessive 0.8410 483 12 1.07 .60t 1.87 81
WIBASA T/l i b 4 me o WOMGO 94 W09 33 Nufoonce o
ik o ws w w2 0 a0 N osrwram 5
Aot RV ' MR w64 M7 0610272
Donwnant 037w n 05910133 57
Tecossiv 102710 101 o2 126 0aw29s e
FANCA k2l 740 48 649 338 Reference 87 698 08 688 Refersnce 96
Serfiily 33 20 5 338 431 16¢ 08610318 76 270 a4 280 w7 1.01 086510158 95
Gly/Gily o L 1 14 1080 —_— 9 32 L} 37 37 0.95 0.28102.86
[ 72 0E9i0asz 10 102 066186 94
Recassive 1 G98 02910293 97
Abbreviations: SNP, single nucleotide polymarphism; OR, odds ratio.
“Fraction of responders.
1OR for responders against nonresponders adjusted for sex, age, histology. smioking status, clinical stage, performance status, and treatment.
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Table A2. Association of Gen,

yoes for DNA Reparr Genes With Response to Chemotherapy of 840 Patients With NSCLC

Nonresponders  Responders

Gene SNP SNPID  Genotype No. % No. %  Response Rate (%}" ORt 95% ClI P Pby Trend Test
ERCC1t  C118T (Asn3Asn)  rs11615 i 212 51.8 127 65.0 375 Reference 87
Cim 174 42.5 86 37.2 331 0.58101.16 .27
71 23 5.6 18 7.8 43.9 0.69102.64 .37
Dominant 0.64101.23 .47
Recessive 1.45 0.74102.72 .29
APEXTt  Asp148Glu 181130409 Asp/Asp 184 401 89 385 35.2 Reference .36
Asp/Glu 181 467 105 4565 35.5 1.0% 071t01.45 .95
Glu/Glu 54 13.2 37 180 407 1.28 0.77t02.14 .33
Dominant 1.08 07710151 .66
Recessive 1.32 0.82t02.09 .25
XRCC18  Arg399GIn rs25487 Arg/Arg B9 54.3 44 ] 38.9 Reterence 22
Arg/Gin a5 354 25 35.7 0.89 045t0 1,74 .74
GIn/GIn 13 10.2 5 27.8 0.38 0.10101.22 .11
Dominant 0.78 0.41101.45 .43
Recessive 0.42 012101372 .14
XPDS Lys751GIn 13181 Lysilys 116 91.3 65 87.8 35.9 Reference 32
Lys/Gin m 8.7 9 122 48.0 1.68 0.60104.60 .32
Gin/Gin 0 4] [ 4] s -_
Dominant *.63 0.60t04.80 .32
Recessive

Abbreviations: NSCLC, non-small-cell lung cancer: SNP, single nucleotide polymorphism; ID, identification; OR, odds ratio.

“Fraction of responder.

+OR for responder against nonresponder adjusted for sex, age, histology, smoking status, clinical stage, performance status, and treatment.
+Result in the discovery and validation set patients.

§Result in the discovery set patients.

10 @ 0 by American Society of Clinical Cncology JovgnaL oF CLinical ONCOLOGY

Information downloaded from jco.ascopubs.org and provided by at Kokuritsu Gan Center on October 14, 2010 from
Copyright © 2010 American Sotfiétyl 80 Hdical Oncology. All rights reserved.



SNPs i With to Ch in NSCLC

Table A3. Differences in Responses to Chemotherapeutic Agents According to Genotypes for Five DNA Repair Genes
Discovery Set {n = 138)
Platinum  Paclitaxel Platinum + Gemciabine
Nonresponders Responders Nonresponders Responders
————— i Response Response Pfor
Gere SNP Genotype No. % No. % Rate (%)t No. % Nao. % Rate (%)t Interactiont
PARP1 Lys340Arg LysiLys 55 91.7 29 76.3 34.6 26 86.7 10 100 27.8 021
LysiArg 5 8.3 9 23.7 64.3 4 133 0 0 0
Arg/Arg 0 0 i 0 - 0 0 0 0 —
ERCC2 Lys751Gin Lysilys 57 95.0 32 84.2 36.0 26 10 100 27.8 o1
Lys/GIn 3 6.0 6 15.8 66.7 4 0 0 0
GIn/GIn 0 0 0 o — 0 0 0 -
BRCA2 Asn372His Asn/Asn 38 63.3 20 52.6 34.5 22 8 80.0 26.7 14
Asn/His 21 35.0 13 34.2 38, 7 2 20.0 222
HisMHis 1 1.7 5 13.2 1 a 0 0
REV1 Phe257Ser PhefPhe 23 383 17 447 12 3 30.0 200 18
Phe/Ser 31 51.7 18 47.4 16 5 50.0 238
Ser/Ser 6 10.0 3 7.9 2 2 20.0 £0.0
REV3I Thr1224lle The/The 25 a7 16 42.1 16 3 30.0 15.8 .080
Thr/lle 28 46.7 19 50.0 13 g 50.0 278
lie/lle 7 1.7 3 7.9 1 2 20.0 66.7
Validation Set {n = 417)
Platinum + Paclitaxel Platinum + Gemcitabine
Nonresponders Responders Nenresponders Responders
Response Respon: P for
Gene No. % No. % Rate {%)1 No. % No. % Rate (%11 Interaction”
PARP1 189 90.0 N2 89.6 37.2 a1 77.2 23 92.0 343 16
21 10.0 13 10.4 38.7 13 72.8 2 8.0 133
0 0 0 0 0 0 0 4
ERCC2 191 91.0 15 54 94.7 24 96.0 308 98
19 2.9 10 3 6.3 1 4.0 25.0
0 0 4 0 o 0 Q
BRCAZ 127 60.5 78 34 50.6 16 320 81
74 85.2 a2 22 38.6 / 241
9 a3 8 1 .8 2 66.7
AEVI 107 51.0 52 2 50.9 13 31.0 56
87 414 60 25 43.9 10 286
18 7.6 13 5.3 2 40.0
REV3L 86 a1.0 62 20 36.8 9 30.0 64
97 46.2 53 28 49.1 14 33.3
27 12.9 10 8 14.0 2 20.0
Abbreviaticn: SNP, single nucleotide polymorphism.
*Interaction with chemotherapeutic regimens on response.
tFraction of responders.
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Human papillomavirus (HPV) infection is a causative event for the
development of uterine cervical carcinoma. Human papillomavirus
(HPV) 16, 18, and 33 DNA has been also detected frequently in lung
adenocarcinomas (AdCs) in East Asian countries; however, its prev-
alence in Japan remains unclear. We therefore screened for HPV
16/18/33 DNA in 297 lung AdCs in a Japanese population by multi-
plex PCR with type-specific primers. As reported previously, HPV
16 DNA was detected in two cervical cancer cell lines, CaSki and
SiHa, while HPV 18 DNA was detected in Hela cells, and 0.1-1.0
copies of HPV-DNA per cell were detectable by this method. How-
ever, with this method, none of the 297 lung AdCs showed posi-
tive signals for HPV 16/18/33 DNA, indicating that HPV-DNA is not
or is very rarely integrated in lung AdC genomes in the Japanese.
Furthermore, none of the lung AdCs showed positive signals by
nested PCR with HPV 16/18 type-specific primers. Therefore, we
further attempted to detect HPV 16/18/33 DNA in 91 lung cancer
cell lines, including 40 AdC cell lines. Among them, 30 have been
established in Japan and the remaining 61 in the USA. No HPV
signals were obtained in any of the 91 cell lines by either multiplex
or nested PCR, while the p53 gene was mutated in 81 of them
including 35 of the 40 AdC cell lines. These results indicate that
HPV 16/18/33 infection does not play a major role in the develop-
ment of lung AdC in Japan nor in the USA. (Cancer Sci 2010; 101:
1891-1896)

| nfection with human papillomaviras (HPV) is a critical event
for the development of uterine cervical cancer." E6 protein,
encoded by HPV, binds the host cellular tumor suppressor pro-

tein p353 erd triggers its degradation through the ubiquitin
pathwa; ? Therefore, the biological significance of continuous

p33 degradation by HPV-E6 protein in cervical carcinoma is
thought to be equivalent to that of p53 inactivation by genetic
alterations in various other types of cancers in human carcino-
genesis. The p53 gene is frequently inactivated in lung adeno-
carcinoma (AdC) by mutations and/or deletions of both alleles,
and the prevalence of p53 mutations in lung AdC_is approxi-
mately 50% with a higher incidence in smokers.“™ However.
P53 is not genetically altered in the other half of lung AdCs.
Therefore, it is possible that p53 is inactivated by other mecha-
nisms in lung AdC cells without p53 mutations. For this reason,
there have been many reports investigating the involvement of
HPV in lung AdC development. However, the prevalence of
HPV infection in lung AdCs varies drastically among the
reports. 7 Recently, reasons for a wide variation in the preva-
lence of HPV infection in lung cancer were investigated b /_tWo
systematic surveys of a large number of publications.®” A
higher prevalence in Asia_than in Europe was pointed out by
these two investigations."” and a higher prevalence in studies
using HPV type-specific primers than in those using consensus
HPV primers was also pointed out in the latter investigation.'”
In Eas ia (Supplementary Table S1), a high incidence of
HPV infection in lung AdC was reported from Taiwan (92.8%),
China (46.9%). and Korea (55.1%).%"'” In particular, a high
prevalence of HPV 16 and 18 infections was reported from

i 10.1111/.1349-7006.2010.01622.x
010 Japanese Cancer Association

Taiwan and China and of HPV 33 infection from Korea. In
Japan, the incidence of HPV infection (0-19.4%) bhas been
reported to be not as high as in other East Asian countries, but is
still high enough to consider its involvement in lung AdC devel-
opment.!' =¥

Taiwan, China, and Korea are geographically close to Japan
and the people in these countries are ethnically also close to the
Japanese. Therefore, in this study. we aimed to elucidate
whether or not HPV 16, 18, and 33 are also involved in the
development of lung AdC in Japan, as in Taiwan, China, and
Korea. We applied a multiplex PCR method as well as a nested
PCR method using type-specific primers for detection of HPV
16, 18, and 33 DNA in 275 primary and 22 metastatic lung AdCs
in Japanese, and also in 91 lung cancer cell lines established in
cither Japan or the USA. To validate the specificity and sensitiv-
ity of HPV detection methods, three cervical carcinoma cell
lines were analyzed by the same methods. In 91 cell lines, the
status of pS3 mutations was comprehensively analyzed and the
Its were compared with several p33 databases to evaluate
accurately the prevalence of p33 inactivation in lung cancers.

Materials and Methods

Patients and tissues. A total of 275 primary lung AdCs and
22 metastatic lung AdCs to the brain were obtained at surgery
from patients treated at the National Cancer Center Hospital,
Tokyo, and at Saitama Medical University Hospital. The tumors
were pathologically diagnosed according to the tumor-
node-metastasis classification of malignant tumors"” (Table 1).
Tumor tissues were stored at —80°C until DNA extraction, and
genomic DNA was extracted as previously described."® This
study was undertaken under the approval of the Institutional
Review Board of the National Cancer Center.

Cell line DNA. DNA from 91 lung cancer cell lines was
screened for HPV-DNA in its genome. These cell lines consisted
of 40 AdCs, 11 squamous cell carcinomas (SqCs), two adeno-
squamous carcinomas (ASCs), nine large-cell carcinomas
(LCCs), 27 small-cell lung carcinomas (SCLCs), and two others
(one carcinoid tumor and one neuroendocrine tumor), as listed
in Table 2. Detailed information will be provided upon request.
DNA from three cervical carcinoma cell lines, CaSki. SiHa,
and HeLa, and HPV 33 containing plasmid DNA, was used as
positive controls for detection of HPV-DNA.

Multiplex PCR with HPV type-specific primers. Sequences for
the E1 and L2 regions of HPV 16 and for the E1 region of HPV
18 and 33, together with the aminolevulinate, delta-, synthasc 1
(ALASI) gene segment as an internal positive control, were
simulianeously amplified by multiplex PCR in a single tube, as
reported."'”” The primer sequences are shown in Supplementary
Table S2. Multiplex PCR was performed with Takara Taq
(Takara, Shiga. Japan) with a volume of 50 uL containing 1x

(17.18)
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Table 1. Clinicopathologic characteristics of lung adenocarcinomas

Primary tumor Brain metastasis

PCR Multiplex  Nested Both
(%) (%) (%)
No. of cases - 275 138 22
Gender Male 161 (59) 81(59) 15 (68)
Female 114 (41) 57 (41) 7(32)
Age (years) Mean 60.7 62.0 57.3
Range 30-84 30-84 48-74
Pathological I 201 (73) 124 (90) =
stage 1 27 (10) 6 (4) -
L] 45 (16) 8 (6) -
v 2(M 0(0) =
Smoking Smoker 71 (55) 69 (58) 15 (68)
history Nonsmoker 57 (45) 51 (43) 7(32)
Unknown 147 18 0
P53 mutation + 34 (32) 34 (33) 16 (73)
- 72 (68) 70 (67) 6 (27)
ND 169 34 0

ND, not determined.

PCR buffer, 2.5 mM MgCl,, 0.2 mM dNTPs. 0.025 U Taq
polymerase, 3 nM primers. and 10 ng template DNA. Amplifi-
cations were performed with the following cycling profiling
using a GeneAmp PCR system 9700 apparatus (Applied Biosys-
tems, Foster City, CA, USA): Taq polymerase activation by
incubation at 95°C for 1 min, followed by 40 cycles of denatur-
ation at 94°C for 30 s, annealing at 70°C for 90 s, and elonga-
tion at 72°C for 60 s. Five micro liters of the amplicons were
analyzed by elcc(mphmcms on 3% agarose gels and ethidium
bromide staining.

Nested PCR with HPV type-specific primers. Sequences from
the upstream regulatory region (URR) to the E7 region of HPV
16 and HPV 18 were first amplificd by PCR with outer primers,
and the HPV 16 E6/E7 and HPV 18 E6 regions were seumdly
amplllled by nested PCR with inner primers, as reported previ-
ously.?” The primer sequences are shown in Supplementary

Table S2. The first round of PCR was performed under the fol-
lowing conditions: Taq polymerase activation at 95°C for
1 min, followed by 35 cycles of denaturation at 95°C for 1 min,
annealing at 60°C for 1 min, and elongation at 72°C for 1 min.
The second round of PCR was performed as follows: 95°C for
1 min, followed by 20 cycles of denaturation for I min at 95°C,
1 min of annealing at 60°C, and 1 min of elongation at 72°C.
Polymerase chain reaction (PCR) was performed with a Takara
Taq with a volume of 20 pL containing 1x PCR buffer, 0.2 mM
dNTPs, 0.05 U Taq polymerase, 2 nM of primers, and 10 ng of
template DNA for the first round PCR and 1 pL of the first
round PCR products for the second round PCR using a Gene-
Amp PCR system 9700 apparatus (Applied Biosystems).

Mutation analysis of the p53 gene. A total of 106 of the 275
primary lung AdCs and all of the 22 metastatic lung AdCs were
previously examined for mutations in exons 4-8 of the p53 gene
by genomic PCR and direct sequencing. Z All of the 91 lung
cancer cell lines were examined for mutations in exons 2-11
covering all the coding sequences of the p53 gene by genomic
PCR and dircct sequencing as previously described.* (1520
Sequence data for the cell lines obtained in this study were
compared with those of the Catalogue of Somatic Mumuans in
Cancer (COSMIC) (http://www.sanger.ac. uk/cosmic/).

Results

Detection of HPV 16, 18, and 33 DNA by multiplex
PCR. Recently, Nishiwaki et al. developed a rapid and sensitive

1892

multiplex PCR-based HPV genotyping method that allows the
simultaneous amphfudlmn of 16 different HPV genotypes in a
single tube reaction. 1) This method is based on the amplifica-
tion of multiple HPV-DNA sequences with a set of HPV type-
specific primers, and the HPV types are visually distinguished
by the size of amplified fragments after separation by gel elec-
trophoresis. Since DNA for HPV 16, 18, and 33 types has been
frequently detected in lung AdC cells in East Asia, four primer
sets for these three HPV types, in addition to a primer set for a
control genome sequence, were used in this study. Two sets of
primers were prepared for the amplification of the HPV 16
DNAY? because of a possible high prevalence of HPV 16 DNA
integration in lung AdC genomes.

The scnsmvity and speu'ﬁcit) of this method was validated
using genomic DNA from three cervical cancer cell lines,
C'!Sl\l SiHa, and HeLa, and a lung cancer cell line, A549.
Human papillomavirus (HPV) 16 has been shown to be inte-
grated into chromosomal DNA in the CaSki and SiHa cell lines,
while HPV 18 is integrated in the HeLa cell line. " A cell
line with integration of HPV 33 was not available; therefore.
HPV 33 containing plasmid DNA was mixed with A549 cell
DNA as a ratio of one copy of HPV 33 DNA per diploid human
genome. Specific DNA fragments for HPV 16, 18, and 33 of
different sizes from each other were successfully amplified with
the control genomic DNA fragment (Genome in Fig. 1) in
CaSki, SiHa, and HeLa cells, as well as A549 cells mixed with
HPV 33 DNA (Fig. 1). Two bands for HPV 16 DNA (HPV16-U
and HPV16-L) were detected in CaSKi and SiHa cell DNA,
while a band for HPV 18 DNA was detected in Hel.a cell DNA.
Human papillomavirus (HPV) 33-specific DNA was amplified
from the mixture of plasmid DNA and AS49 cell DNA, while
no HPV-specific DNA was amplified from AS549 cell DNA.
Therefore, by this method, three different HPV types were
successfully identified and distinguished by the difference in the
sizes of amplificd DNA. To determine the sensitivity of this
method, each sample was serially diluted and mixed with A549
cell DNA (o obtain genomic DNA with 0.1-1.0 copies of each
HPV-DNA. Approximately 600 copies of HPV 16 DNA are
integrated in CaSki cells, one to two copies of HPV 16 DNA
are m(c:or.m:d in SiHa cells, And ”0—50 copies of HPV 18
DNA are mtegr'ued in HeLa cells *7 As shown in Figure 1,
0.1-1.0 copies of the HPV-DNA sequence per cell were
detected by this method. Therefore, this method allowed us o
detect one copy of HPV 16, 18, and/or 33 DNA integrated in
chromosomal DNA of human cells. Further validation of this
method was performed using DNA isolated from 18 primary
cervical cancers because the presence of the HPV 16/18 DNA
in these Lumors was previously determined by Southern blot
analysis. ’ Human papillomavirus (HPV) types detected by
multiplex PCR anal were completely the same as those by
Southern blot analysis, and the sensitivity of multiplex PCR
analysis for detection of HPV 16 DNA was higher than that of
Southern blot analysis. Four cases negative for HPV 16 DNA by
Southern blot (mdl_vms were positive by multiplex PCR analysi
(data not shown). Therefore, we concluded that the sensitivity of
the multiplex PCR analysis is higher than that of Southern blot
analysis for detection of HPV 16 DNA in cancer cells.

‘We then applied this method for detection of HPV 16/18/33
DNA in 275 primary lung AdCs and 22 metastatic lung AdCs to
the brain (Table 1). However, HPV-specific DNA was not
amplified in any of these 297 lung AdCs. Thus, it was strongly
suggested that HPV 16/18/33 DNA is not integrated in the
chromosomal DNA of these lung AdCs.

Detection of HPV 16 and 18 DNA by nested PCR. [t was
reported that only a part of HPV-DNA, from the URR to the
E6/E7 region, is commonly integrated in chromosomal DNA of
cervical cancer cells, and that deletions of other regions occur in
the course of viral DNA integration into host cell "DNA.(5:2630

doi: 10.11114.1349-7006.2010.01622.x
© 2010 Japanese Cancer Association



A549 with
Hela HPV33

10°'102 1 107" 0

Caski SiHa

1T 107102 107 1 107" 1

~
e~
HPV16.U —» - “ e =
HPV16.L —= e
HPvig | - e w— -
HPV33 —u -

.S e
2 " FE F 2 R B B B BB

Genome —»

Fig. 1. Detection of human papillomavirus (HPV) 16, 18, and 33 DNA
in cervical cancer cell lines by multiplex PCR analysis. Specificity and
sensitivity for detection of HPV 16, 18, and 33 DNA. Polymerase chain
reaction (PCR) was performed using DNA from CaSki (~600 copies of
HPV 16 integrated), SiHa (1-2 copies of HPV 16 integrated), Hela (20—
50 copies of HPV 18 integrated), and A549 cells with/without HPV 33
containing plasmid DNA. Each sample was serially diluted with A549
cell DNA up to the copy number of 0.1-1.0 per cell for HPV-DNA. Five
micro liters of the amplicons were analyzed by electrophoresis on 3%
agarose gels and ethidium bromide staining. 100 bp DNA Ladder
(Takara, Shiga, Japan) was used as a size marker.

multiplex PCR analysis were subjected to nested PCR analysis
(Table 1). However, none of them showed positive signals for
the E6/E7 regions of the HPV 16 or 18. The results of multiplex
PCR analysis as well as those of nested PCR analysis strongly
indicated that HPV 16 and 18 are not integrated in lung AdCs
developed in Japan, at least in the Tokyo arca.

Absence of HPV 16, 18, and 33 DNA sequences in lung cancer
cell lines. We next attempted to detect HPV 16, 18, and 33 DNA
in a panel of 91 human lung cancer cell lines established in
cither Japan or the USA. Among the 91 cell lines, 30 originated
from Japanese, 42 from Caucasians, and five m African-
Americans. Detailed information was not available for the
remaining 14 cell lines. Forty cell lines were derived from AdC
and the remaining 51 were from other histological types. Both
multiplex PCR and nested PCR were performed on all of these
cell lines. However, no HPV-specific signals were obtained in
any of these cell lines. Therefore, HPV 16, 18, and 33 DNA is
not integrated in the 91 lung cancer cell lines established in
Japan and the USA. Eleven cell lines were derived from SqC,
and 27 cell lines were derived from SCLC; therefore, HPV
16/18/33 integration was not evident in any major histological
types of lung cancer.

Status of p53 mutations in lung cancer cell lines. We previ-
ously examined for pS3 mutations in 106 of the 275 primary
tumors and all 22 brain metastases,”*? and the mutations were
detected in 34 of the 106 primary tumors (32%) and 16 of the
22 brain metastases (73%) (Table 1). We recently reported the
status of p53 mutations in 87 of the 91 cell lines analyzed in
the present study.""® In that study, mutation data of several cell
lines were obtained not only by direct sequencing of the p53
coding regions but also from the COSMIC database, and the
mutations were detected in 70 of the 87 cell lines (80%). How-
ever, during this study, we noticed that data for pS3 mutations
are not the same among three major databases, COSMIC,
UMD_TP53 database (http://pS3.free fr), and IARC p53 data-
base  (hitp://www-p33.i e Absence  of HPV

Jdare.f
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16/18/33 integration as well as pS3 mutations in 17 lung cancer
cell lines prompted us to re-investigate the status of p53 muta-
tions in these cell lines. Therefore, the p53 mutation status in all
the 91 cell lines was determined by direct sequencing of all the
coding exons, from exon 2 to exon 11, together with exon—
intron boundaries of these cxons (Table 2). If mutations were
detected in the exon—intron boundaries, a possible occurrence of
splicing abnormalities due to the mutations was examined by
direct sequencing of p53 ¢cDNA products from the correspond-
ing cell lines. Point mutations were detected in 64 of the 91 cell
lines. small insertions/deletions in six of them, and large dele-
tions in two of them. Splice-site mutations were detected in nine
cell lines, in which shifts of open reading frames due to either
exon skipping or intron retention were confirmed. Accordingly,
only 10 cell lines were shown to carry the wild-type p53 gene
and express normal p53 protein, including five of the 40 AdC
cell lines.

The status of 36 cell lines was not available in COSMIC and
thus was defined by our studies (Supplementary Table S3-1)
("B ihig study). The status of 45 cell lines was concordant
between our data and COSMIC data (Supplementary
Table $3-2), whereas that of the remaining 10 cell lines was dis-
cordant (Supplementary Table $3-3). Therefore, although 10 of
the 91 lung cancer cell lines carry the wild-type p353 gene. HPV
16, 18, or 33 are not integrated in these cell lines.

Discussion

To detect HPV-DNA in lung cancer cells, we applied two differ-
ent PCR methods with HPV lypc;sPeCiflc primers, one-step
multiplex PCR? and nested PCR,”” because PCR with type-
specific primers was reported to be more sensitive than PCR
with consensus gl‘imers to detect HPV-DNA sequences in
human cell DNA."” The prevalence and genotype distribution of
HPV in cervical cancer precursor lesions defined by one-step
multiplex PCR was reported to be compatible with several pre-
vious data.'”’ [n addition, by using these methods, HPV 16 and
18 DNA was distinguishably and efficiently amplified from
three cervical cancer cell lines. Therefore, the lack of HPV 16,
18, and 33 DNA in primary lung AdC as well as in lung cancer
cell lines would not be due to the low sensitivity of this method
for HPV detection. Accordingly, it was concluded from this
study that HPV 16, 18. and 33 are not (or are rarely) integrated
in lung AdC genomes in the Japanese, particularly those living
in the Tokyo area. Lung cancer cell lines analyzed in this study
have been established in either Japan or the USA, and consist of
all major histological types of lung cancer. Absence of HPV
16/18/33 infection in primary lung AdCs in the US population
and Jung cancer cell lines established in the USA was previously
reported.“**> Therefore, the results in the cell lines are consis-
tent with the results in primary AdCs in both Japan and the
USA. Indeced, we further attempted to detect MPV-associated
DNA sequences in these cell lines by PCR under several low
stringent conditions using a set of consensus primers for HPV
16, 18, and 33. However, no HPV-specific signals were detected
in any of the 91 lung cancer cell lines examined (data not
shown). Therefore. we concluded that no HPV 16/18/33 DNA
is integrated in these cell lines. Accordingly, HPV infection
seems not to play an important role in the development of lung
cancer in Japan nor in the USA, although it is still possible that
other HPV types play some role in its development.

A Taiwanese study reported that female never-smokers with
lung cancer who were older than 60 years of age had a signifi-
cantly higher prevalence of HPV 16/18 infections.® However,
in Korean lung cancer patients, HPV 16/18/33 infections were
not associated with gender. smoking status, and histological
type.'” In a study in China, HPV 16/18 infections were not
correlated with any clinicopathological parameter, including

doi: 10.1111/.1349-7006.2010.01622.x
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Table 2. Status of the p53 gene in 91 lung cancer cell lines

Table 2. (continued)

No.

Cell line

Point mutation

(RN NUN

"
12
13
14
15
16
17

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

36
37
38
33
40

41
42
43

45
46
47
48
49
50
51
52
53
54
55
56

57
58

ABC1
CALU-3
HCCA4

HCC78
HCC193
HCC515

Ma10
Ma17
Ma24
H23
H441
H820

H1437

H1975

H2009

H2087

H2122

H2126
PC3
PC7
PC9

PC14
RERF-LCMS
RERF-LC-OK
VMRC-LCD
i-18
H322
EBC1
LC1/5q
K2
HCC15
H520
SK-MES-1
PC10
HCC366
H596
Lués
Ma2
Ma25
H661

H1155
PC13
HCC33
Lu134
Lu135
Lu139
N417
H69
H128
H345
H446
H841
H1184
H1450
H1607
H1963

H2107
H2141

Hist.

AdC
AdC
AdC

AdC
AdC
AdC
AdC
AdC
AdC
AdC
AdC
AdC
AdC
AdC
AdC
AdC
AdC

AdC
AdC
AdC
AdC
AdC
AdC
AdC
AdC
AdC
AdC
sqC
sqC
SqC
SqC
SqC
SqC
SqC
ASC
ASC
Lcc
Lcc
Lcc
Lec

SCLC

Amino
acid
p.P2785
p.M2371
P.594X+
p.R175L
p.S241F
p.R248Q
p.L194F
p.G245V
p.Y126C
p.R337C
p.M246}
p.R158L
p.T284P
p.R267P
p.R273H
p.R273L
p.VIS7F
p.Q16L+
p.C176F
p.E62X
p.R282W
p.H214R
p.R248Q
p.R248W
p.R248L
p.F113C
p.RI75H
p.K164X
p.R248L
p.E171X
p.M2371
p.V272M
p.D259V
p.W146X
p.E298X
p.G245C
p-Y220C
p.G245C
p.E11Q
p.R175H
p.M2371
p.R158L+
p.S2151
p.R273H
p.G334V
p.C242Y
p.P278L
n.G244C
p.VI57F
p.E298X
p.E171X
p.E62X
P.Y236C
p.Q154v
p.C2425
p.G334V
p.L194R
p.P151H
p.V147D+
p.H214R
p.K101X
p.R209X

Nucleotide

c.8320T
711G6>T
€.281C>G+
€.524G>T
72207
C.743G>A
c.580C>T
. 734G>T
«377A>G
€.1009C>T
€.738G>C
CA473G>T
c.850A>C
<.800G>C
<c.818G>A
c.818G>T
.469G>T
€.527G>T+
cATAST
¢.184G>T
.844C>T
C.641A>G
C.743G>A
€.742CT
€.743G>T
¢.338T>G
.524G>A
CA490A>T
.743G>T
511G>T
c711G>T
.814G>A
776A>T
c438G>A
.892G>T
€.733G>T
C.659A>G
€733G>T
.31G>C
€.524G>A
cING>T
.473G>T+
.644G>T
.818G>A
c.1001G>T
€.725G>A
c.833C>T
.730G>T
<.469G>T
.892G>T
c511G>T
c.184G>T
«.707A>G
461G>T
C728A>T
< 1001G>T
¢.581T>G
452C>A
C.440T>A+
.641A>G
<301A>T
C.625A5T

Iwakawa et al.

No. Cell line  Hist. Amine acid Nucleotide

59 H2171 SCLC p.Q144X 4300T

60 H2195 SCLC p.-VI57F c.469G>T

61 H1618 SCLC p.R248L . 743G>T

62 H187 SCLC p.5241C €722CG

63 H510 SCLC p-R282G . 844C>G

64 H1770 Neuroendocrine  p.R248W €741-742CCTT
Small insertion/deletion (<8 nucleotides)

1 Ma29 AdC p.V121fs <.363delT

2 H522 AdC p.P191fs ¢.572delC

3 H1648 AdC p.L35fs €.103-104insT

4 HCCI5 SqC p.G334fs <.1000(-1003)

1G del
5 H157 SqC p.L35fs+ <.103-104insT+
p.E298X €.892G>T
6 H727 Carcinoid p.Q165-5166  <.496-497ins9
insYKQ

Large deletion

1 H358 AdC p? Large deletion

2 H1299 LcC p? Large deletion
Splicing-site mutation

1 H1703 AdC p.G262fs g. Ivs8 +1g>t

2 H1819 AdC p-A307fs g. lvs9 +1g>t

3 H2347 AdC p.Y126fs g.375G>A

4 H1650  AdC p.v225fs g.lvs6 -2a>g

5 Sqt SqC p.Y126fs g. lvsd +2t>c

6 H82 SCLC p.Y126fs g.375G>T

7 H209 SCLC p.v225fs g. lvs6 -2a>t

8 H526 SCLC p.533fs g. lvs3 -1g>¢

9 H1339 SCLC p.1332fs g.lvs9 +1g>t
Wild type

1 A427 AdC — _

2 A549 AdC — —

3 Ma12 AdC - —

4 Ma26 AdC - -

5 H1395 AdC - —_

6 H226 5qC — —

7 Lu99A Lcc et -

8 H460 Lcc — —

9 Lu24 SCLC = -

10 Ms18 SCLC —_ =

p, ¢, and g indicate protein, cDNA, and genomic DNA.

AdC, adenocarcinoma; ASC, adenosquamous carcinoma; LCC, large-cell
carcinoma;

SCLC, small-cell lung carcinoma; SqC, squamous cell carcinoma,

The primers for HPV 16, 18, and 33 in the above multiplex PCR
analysis were designed to amplify the E1 or L2 region (Supple-
mentary Table $2).” Therefore, it was possible that multiplex
PCR analysis failed to detect the HPV-DNA sequences because
of integration of truncated HPV genomes without the E1 and L2
regions into host cell DNA. To pursue the possible integration
of HPV 16 and 18 DNA in lung AdC cells, we performed a
nested PCR analysis for the E6 and E7 regions of HPV 16 and
18. The URR to the E7 region of both HPV 16 and 18 genomes
was first amplitied using outer primers, then, the E6 to E7 region
of the HPV 16 DNA and the E6 region of the HPV 18 DNA
were amplified using inner primers (Supplementary Table S2)
respectively, according to the method previously dess:rib(:d.‘l“3
As in the multiplex PCR analysis, HPV 16- and 18-specific
DNA fragments were successfully amplified from the CaSki.
SiHa, and HeLa cell lines, but not from A549. Next, 138 of the
275 primary AdCs and all of the 22 metastatic AdCs used for
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age, gender, smoking status, and histological type, cither.'” In
this study, 41% (121,/297) and 43% (64/150) of AdC patients
were female and non-smokers, respectively (Table 1). There-
fore, the etiologicul role of HPV 16/18 in lung carcinogen in
non-smokers seems to be restricted to certain geographic areas,
and in Japan, HPV 16/18 infection does not play a causative
role in the development of lung AdC in female non-smokers.

An inverse correlation of HPV 16/18 E6 protein expression
with p53 expression was also reported in Taiwanese lung
tumors.“® However, in a study in China, there was a relation-
ship between the presence 01 HPV 16/18 DNA and abnormal
p33 protein accumulation,®” Therefore, association of HPV
infection with p33 inactivation is still unclear in lung cancer.
We previously examined for p53 mutations in 128 of 297 lung
AdCs analyzed in this study, and the mutations were detected in
30 cases (39%) (Table 1); therefore, it was possible that HPV is
infected in another 78 cases. However, none of the 78 lung
AdCs carried HPV 16/18/33 DNA in their genomes. Accord-
ingly, HPV 16/18/33 infections appear to play a limited role in
the development of lung AdC in Japan. These results prompted
us to analyze comprehensively the status of the p53 gene in a
large panel of lung cancer cell lines. The p53 gene is inactivated
not only by mutations in the coding regions. but also by splicing
abnormalities caused by mutations in the exon—intron bound-
aries and homozygous deletions, and the incidence of p33
genetic alterations in total was 89% (81/91). Therefore,
although 10 of the 91 cell lines were shown to carry the wild-
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Individuals susceptible to lung adenocarcinoma defined by combined HLA-DQA1 and

TERT genotypes
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5 at chromosome 15¢25.1, TERT and CLPTMIL at 5p15.33 and
BAT3-MSHS at 6p21.33 (4-10). Among these loci, 5p15.33 was re-
vealed as being a locus specifically associated with risk of ADC
among major histological types of lung cancer (11). However, loci
associated with lTung ADC risk in Asians remain obscure. Here, we
performed a GWAS on the risk of lung ADC in a Japanese population
for 23 010 polymorphic microsatellite loci and identified HLA-DQA]
at 6p21.31 as a novel locus associated with lung ADC risk. We further
examined whether or not individuals susceptible to ADC can be de-
fined by combined genotypes of HLA-DQA/ and other lung cancer
susceptibility loci described above.

Subjects and hed.

Molecula Science, Division of Basic Medical Science and Molecular
Medicine, Tokai University School of Medicine, Kanagawa 259-1193, Japan
and “First Department of Tntemal Medicine. Gunma University School of
Medicine, Gunma 371-8511, Japan

“To whom cor dence should be addressed. Tel/Fax: +81 3 35 42 08 07:
Email: jyokota@nce.go.jp

Adenocarcinoma (ADC) is the commonest histological type of
lung cancer, and its weak association with smoking indicates the
necessity to identify high-risk individuals for targeted screening
and/or pr ion. By a ide association study (GWAS),
we identified an association of polymorphisms in the 6p21.31 locus
containing four human leukocyte antigen (FILA) class TI genes
with lung ADC risk. DQA1" 03 of the HLA-DQA1 gene was defined
as a risk allele with odds ratio (OR) of 1.36 [95% confidence in-
terval (CI) = 1.21-1.54, P = 5.3 x 10~7] by analysis of 1656 ADC
cases and 1173 controls. DQA1°03 and the minor allele for a poly-
morphism, rs2736100, in TERT, another lung cancer susceptibil-
ity locus identified in recent GWASs on Furopeans and
Americans, were indicated to independently contribute to ADC
risk with per allele OR of 1.43 (95% CI = 1.31-1.56, P = 7.8 x
10~'%). Individuals homozygous both for the DQAI* 03 and minor
TERT alleles were defined as high-risk individuals with an OR of
4.76 (95% CI = 2.53-9.47, P = 4.2 X 1077). The present results
dicated that individuals susceptible to lung ADC can be defined
by combined genotypes of I/LA-DQAI and TERT.

Introduction

Lung cancer is the leading cause of cancer-related deaths in the world.
Adenocarcinoma (ADC) is the commonest histological type compris-
ing ~40% of lung cancer cases among European, North American and
Asian countries and is increasing in incidence (1). Development of
ADC is more weakly associated with smoking than those of two other
major histological types of cancer, squamous cell carcinoma (SQC)

and small cell carcinoma (SCC) (1-3). Therefore, identification of
high-risk individuals for lung ADC and targeted screening and/or

prevention for these individuals will be a powerful way to reduce
the number of lung cancer deaths in the world.

Recent genome-wide association studies (GWASs) with single-
nucleotide polymorphism (SNP) array methodology have led to the
identification of three loci seiated with lung cancer risk, CHRNA3/

Abbreviations: ADC. adenocarcinoma: CI, confidence interval; GWAS.,
genome-wide association study; HLA. human leukocyte antigen; HWE,
Hardy-Weinberg equilibrium: LD, linkage disequilibrium; NCCH. National
Cancer Center Hospitals: NNGH, National Nishi-Gunma Hospital: OR. odds
ase chain reaction; SCC, small celi carcinoma; SNP,
otide poiymorphism; SQC. cell

Subjects

All the case and control subjects were Japanese and were enrolled in institu-
tions in the Kanto area of Japan, an ~200 km diameter region containing
Tokyo. This region is located in the middle of the main island in Japan, where
homogeneity of the genetic background of individuals with several common
diseases, including lung cancer, has been shown by a recent GWAS on pop-
ulation structure of Japanese (12).

The National Cancer Center Hospitals (NCCH) set consisted of 2343 lung
cancer cases and 1173 controls (Table 1). The cases were 1656 ADC, 390 SQC
and 297 SCC cases. All ADC. SQC and SCC cases were enrolled in the NCCH
from 1999 10 2008. All ADC, SQC and SCC cases, from whom informed
consent as well as blood samples were obtained, were consecutively included
in this study without any particular exclusion criteria. The participation rate
was nearly 80%. All the cases were dmx.nuw:d hy x.\»tuhmwl and/or histolog-
ical i ding to WHO The controls were 328
inpatients/outpatients of the NCCH. and 645 and 200 volunteers enrolled in
Keio and Tokai Universities, respectively. The control NCCH subjects were
selected with a criterion of ne history of cancer from 1999 1o 2007, whereas the
645 volunteers were the individuals with no known malignancies who offered
blood on the occasion of a health check examination at Keio University in 2002
and 2003 (13). The 200 volunteers in Tokai University were healthy individ-
uals enrolled from 2001 to 2003 as control subjects in a previous case--control
study (14).

The National Nishi-Guama Hospital (NNGH) sets were 84 ADC and 52 SQC
cases and 143 controls who were enrolled in the NNGH from 1999 0 2003
(Table I). All ADC and SQC cases, from whom informed consent as well as
bloud samples were obtained. were consecutively included in this stdy without
any particular exclusion criteria. The participation rate was nearly 80%. Controls
were randomly selected from inpatients and outpatients with no history of
cancer. Most of the controls had diseases other than lung cancer such as chronic
obstructive pulmonary disease. pulmonary tuberculosis, bronchitis/pneumonia.
Their characteristics were described in our previous studies (1418}

Smoking histories of the jects were obtained via interview using a ques-
tionnaire. Smokers were dcfmeda\ those who had smoked at least one cigarette
per day for 12 months or longer at any time in their life, whereas non-smokers
were defined as those who had not. There were no individuals who had smoked
less than one cigarette per day and/or for <12 months. Smokin;
represented by pack years, which was defined as the number of
smoked daily multiplied by years of smoking.

Genomic DNA was extracted from whole-blood cells using a Blood Maxi
Kit (Qiagen, Tokyo, Japan) according to the supplier's instructions. Genomic
DNAs for 645 and 200 volunteers enrolled in Keio and Tokai Universities,
respectively, were extracted from Epstein-Barr virus-transformed B-fympho-
eytes derived from the collected whole-blood cells (14,16).

Genome-wide association studies

The method of GWAS on microsatellite loci was described previously (14).
Equal amounts of DNAs from 200 lung ADC cases and from 200 controls
enrolled in Tokai University were mixed for the first set of case and control
DNA pools. respectively. The second set of DNA pools was also prepared from
another 200 ADC cases and 200 conrols enrolled in Keio University. Fifty
nanograms of pooled DNA was amplified by 40 cycles of polymerase chain
reaction (PCR) in 96-well plates using a pdnr of PCR primers designed for
amplifying that include poly
Allele frequencies in pooled DNA were estimated from the height of peaks:
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Individuals susceptible to lung ADC

Table 1. Characteristics of study subjects

Category Group No Age (mean + SD) Sex (% male) Smoking habit (%) Pack years
of smokers
Non-smoker Smoker (mean + SD)
NCCH set Case 23443 59x9 65 34 66 5130
ADC 1656 58x9 56 46 54 43+ 27
SQC 390 62+7 91 3 97 61 £29
SCC 52 T0x9 90 6 94 62+ 32
NNGH set Case 136 68+ 10 74 27 73 55+29
ADC 84 67 £ 10 64 39 61 48 £ 25
SQC 52 90 6 94 62 £ 32
Control 145 64 =14 il 33 67 45+ 35

the frequency of each allele was determined by dividing the height of each

r\21876m\ which showed xlgmhum associations with lung cancer risk in

allele by the summed height of all alleles. The signif for di in
allelic distribution was evaluated by Fisher’s Exact test, with the use of 2m
(where m is the number of alleles).

The first set of case and control DNA pools was examined for differences in
allelic for 23 010 mi llite markers, and the distribution for
1328 (5.8%) markers were judged as being significandy different by the cri-
teria of P < 0.05 (first stage of GWAS in Table 11). The inflation factor
calculated by dividing the mean of the lower 90% of —logl0 (P) vales by
the mean of the lower 90% of the expected values (19) for this screening was
0.639, indicating a deflation in the statistical tests (supplementary Table 1 is
available at Carcinogenesis Online). However, in this screening, deduction of
allele frequencies was affected by an inevitable experimental bias of the pooled
DNA typing, i.c. ‘shadow bands in electrophoregrams due to slippages in the
PCR reaction p larly for mi llite markers ining repeat units of
2 bp. as reported previously (20). In fact, inflation factors for microsatellite
markers containing repeat units of 3-6 bp were 0.919-1.022 (0.955 in total),
i.e. deviations were within +10% as have been observed in previous GWASs in
which adequacy of the case—control matching (i.c. lack of a significant hidden
population substructure) was indicated (4,8,9,19). Thus, the adequacy of the
case~control matching was also indicated in the present screening with micro-
satellite markers containing repeat units of 36 bp. On the other hand, inflation
factor for microsatellite markers containing repeat units of 2 bp was 0.520;
therefore. the deflation described above was considered to be caused by mis-
estimation in allele frequency in the screening with microsatellite markers
containing repeat units of 2 bp. Therefore, among 1328 markers selected in
the first stage of GWAS. 431 microsatellite markers with 3-6 bp units were
further subjected to the second stage of GWAS.

The second set of xamined for differences in allelic dis-
tribution for 431 microsatellite markers containing repeat units of 3—6 bp that
passed the criteria of P <0 0.05 in the first stage of GWAS. The distribution for
17 (3.9%) markers were significantly different by the criteria of P << 0.05
(second stage of GWAS in Table IT). The inflation factor for the second stage
screening was 1,019, indicating the adequacy of the case-control matching as
of differential genotyping of cases and controls (supplementary
ilable at Curcinogen Online).

Next, individual typing was done on the 17 markers, which passed
the criteria for the third stage, for 576 cases and 576 controls. con:
384 cases and 384 controls used in the first and second pooled DNA screening
and an additional 192 cases and 192 controls from NCCH (third stage of
GWAS in Table TT). These 384 cases and 384 controls were consisted of two
sets of 192 subjects, which were chosen from two sets of 200 subjects exam-
ined in the first and second GWAS stages, respectively. by simple random
sampling. These analyses led to the idemtification of six loci. including
D6S0067i, with differences in allelic distributions between the cases and con-
wols with P-values <0.05 by the % test. The D6S0067i locus showed a P-value
of 2.4 x 10 7 whereas the other five showed P-values of 0.012-0.0011.
A level of P < 2.2 » 107¢ was ] nt by applying Bonferroni
correction for multiple test (i.c. 0.05/23 010).

Genoryping of SNPs in the 6p21.31 locus

Five hundred and twenty-five cases and 525 controls. which were, respectively,
chosen from the 376 cases and 576 controls examined in the third GWAS st
by simpie random sampling, were subjected to SNP analysis. Twenty-nine
SNPs were selected from the 450 kb region surrounding the D6S0067i locus
based on the following criteria: (i) SNPs whose minor allele frequency in the
Japanese population w: ).01 in the database of single nucleotide poly-
worphism  (http://wwwancbi.nlm.nih.gov/projects/SNP/) and (i) SNPs for
which pre-designed or validated TagMan probes were available from Applied
Biosystems (Foster City. CA). Three other SNPs, 51794282, rs3129763 and

P (8), were also d. Thirty-two SNPs, in total, were genotyped
using the TagMan method according to the protocol for the ABI PRISM
7900HT Sequence Detection System (Applied Biosystems).

Twenty-four SNPs located in exon 2 of the DRBI, DQAI und DQBI genes,
which enable allele discrimination for DRBI, DQAI and DQBI at high-, low-
and high-resolution levels, mspemwly were. genm)pcd by sequence- based
typing methods by the T Work-
ing Group (http://www.ihwg. m__/) In brief. exon 2 of the DRBI and DOBI
genes was amplified by PCR with mixtures ot allele-specific primers, whereas
exon 2 of the DQAJ gene was amplitied with a set of common primers. and
PCR products were directly sequenced using the ABI3700 DNA analyzer
(Applied Biosystems). The location and alleles of the SNPs are described
according to the database of major histocompatibility complex (http:
/lwww.ncbi.nlm.nih.gov/gv/mhc/). Based on the genotypes of 24 SNPs. alleles
for DRBI, DQAI, DQBI and DR-DQ were determined, and alleles with
frequencies >0.02 were subjected to the association study.

Statistical analyses
A Hardy—Weinberg equilibrium (HWE) test was performed using the SNPA-
lyze version ftware (DYNACOM Co.. Lid, Chiba, Japan). and SNPs with
a P-vaiue for deviation >>0.01 were considered to be in HWE as described (7).
Calculation of the D’ and R? values between SNPs and allele/haplotype esti-
mation was performed by the expectation-maximization algorithm using the
SNPAlyze version 3 software. The D6S0067i locus showed 19 polymorphic
alleles in the same sets of cases and controls, and among them, alleles of 367
and 404 bp in sizes were significantly associated with an elevated risk for lung
ADC {odds ratio (OR) = .60, P = 9.9 » 1073 and OR = [.42, 49 x 1077,
respectively]. Therefore. for the caleulation of the D' and R” values, genotypes
for the D6S0067i polymorphism was expressed by presence or absence of these
iwo alleles {supplementary Table 11 is available at Carcinogenesis Online).
Associations of SNPy/alleles with risks were digitized as crude ORs and
ORs adjusted for gender, age and smoking with 95% confidence intervals (CTs)
by unconditional logistic regression analysis using the JMP version 6.0
software (SAS Institute, Cary. NC). Variables used for adjustment in each test
are described in the foomotes to supplementary Tables are available at
Carcinogenesis Online. A level of P < 0.05 for an OR was judged as signif-
icant and that of 0.05 < P < 0.1 was judged as marginal in association studies
other than GWAS.

Genotyping of SNPs in the fung cancer suscepribility loci identified by previous
GWASs

SNPs in the Tung cancer susceptibility Joci identified by previous GWASs were
genotyped by the TagMan method. Two intronic SNPs, 152736100 and
5401681, in the TERT and CLPTMIL genes (4.21) were genotyped for the
5p15.33 locus against 2343 cases and 1173 controls (subjects of the NCCH set
in Table ). Association results of the rs1051730 SNP in the CHRNA3 gene for
the 15g25.1 locus in a subset of the present study population were reported
previously (22). Therefore, in this study, 1094 ADC cases and 236 controls that
had not been examined in our previous stdy were genotyped (22). Eight
in the 6p21.33 Jocus. consisting of rs3117582 and seven SNPs in linkage
disequilibrium (LD) with this SNP in Europeans (D' = | in the HapMap
database), were genotyped for 525 ADC cases and 525 controls used for the
mapping stage (Table IT)

Results and discussion

We performed a GWAS on the risk of lung ADC in a Japanese pop-
ulation for 23 010 polymorphic microsatellite loci. After a three-stage
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screening against 576 ADC ¢ and 576 controls from the NCCH
set (Table T), a locus. D6S00671, at 6p21.31 was identified as being
significantly different in allelic distribution after Bonferroni correc-
tion (i.e. P = 2.4 « 1077, which is <0.05/23 010 = 2.2 x 1079
(details in Subjects and Methods and Table IT).

The D6S0067i locus was mapped between two LD blocks previ-
ously defined (23). one containing four human leukocyte antigen
(HLA) class TI genes, HLA-DRA, -DRBI, -DQAIl and -DQBI.
and the other containing two pseudogenes, HLA-DQA2 and -DQB2
(Figure 1). Therefore, the locus of the strongest association was
searched for in the 450 kb region containing these two LD blocks
by analyzing 32 SNPs. Five hundred and twenty-five cases and 525
controls, randomly selected from the GWAS subjects, were genotyped
by the TagMan method (Table TIT). The rs1794282 SNP was mono-
morphic in the study subjects, whereas the other 31 were polymor-
phic. An SNP in the DRA gene, rs16822586. significantly deviated
from the HWE in cases (P = 0.001), whereas other SNPs did not
deviate in either the cases or the controls, suggesting that SNPs in the
regions examined in the present study normally segregated in the
Japanese irrespective of lung cancer susceptibility. The 31 SNPs,
which were polymorphic in our study population, comprised three
LD blocks. The largest difference in allelic distribution between the
cases and controls was observed at an intronic SNP in the DQAT gene.
rs17426593 (OR = 1.51, P = 4.2 x 10-¢) (Figure 1), in the block
containing four HLA class 11 genes (LD block 1 in Table III). The
D6S0067i polymorphism was in LD (D' = 0.516 in controls and

D’ 0.603 in cases) and showed a considerably high correlation
77 B650067i 593
s rs17426593
6+ e

rs34843907

-logo(P-value)

Fig. 1. LD and association with lung v risk of polymorphisms in the
6p21.31 locus. The top panel shows association results for polymorphisms
and the Jocation of genes. The green square depicis the result for the
D6S0067i microsatellite polymorphism, and red lozenges depict those for
SNPs in the present study. Circles depict the results of GWASs on European
and American populations. Blue circle: results for 1989 cases and 2625
controls in European countries (8); yellow circle: 5095 cases and 5200
controls in European countries and USA (4); purple circle: 2971 cases and
3746 controls in European countries, Canada and USA (5). Results for 10
SNPs commonly analyzed in the present and previous GWASs (indicated in
supplementary Table IX is available at Carcinogenesis Online) are depicted
by bordered lozenges and circles. rs1794282 was monomorphic in the
Japanese subjects. The bottom panel shows the LD structure for 55 SNPs in

25 control subjects. Boxes are shaded according to the pairwise D' values.
Three LD blocks are indicated by bold black lines.

Individuals susceptible to lung ADC

coefficient (R? = 0.225 in controls and R* = 0.349 in cases)
with the rs17426593 SNP (Subjects and Methods, supplementary
Table 1T is available at Carcinogenesis Online). Therefore, we further
examined associations of SNPs in this LD block with lung ADC risk.
Among the four HLA class IT genes, the HLA-DRBI. -DQAT and
-DQB1 genes are known to comprise haplotypes carrying diverse non-
synonymous SNPs and express polymorphic antigen proteins (HLA
class 1l alleles) (23). Theretore, we genotyped the same set of case and
control subjects for 24 SNPs in the coding exons of the DRBI, DQAI
and DQBJ genes that discriminate the HLA class IT alleles by the
sequencing-based typing method (Table III). These 24 SNPs did not
deviate from HWE in either the cases or the controls. These SNPs
showed LD with the SNPs in LD block 1 (Figure 1), and patterns of
LD were quite similar between the cases and controls (supplementary
Figure 1 is available at Carcinogenesis Online), indicating that distri-
bution of 6p21.31 SNPs on chromosome DNA is not significantly
different between these two populations. Many HLA class 1T alleles,
including those for each of the DRBI. DQA1 and DQBI genes as well
as those for contigs of the three genes (i.e. DR-DQ allele), determined
by haplotypes for these exonic SNPs showed significantly different
distributions between the cases and controls (Table IV). Among them,
the DQA1*03 allele showed the largest difference with an OR of 1.50
(P = 6.6 x 107 and the DQA1701 allele was the second largest
(OR = 0.69, P = 2.8 x 107%). Accordingly, several DR-DQ alleles
containing the DQA1*03 or DQA 1701 allele as well as several DRB/
and DQB] alleles linked to the DQA1703 or DQA1"01 allele also
showed significantly different distributions (Table IV).
Discrimination of HL.A alleles using intronic or intergenic SNPs is
considered to be appropriate to analyze a large number of samples as
an alternative to conventional methods using exonic SNPs due to
rapidity and cost effectiveness (23,24). Two exonic SNPs in the
DQAJ gene, DQA1_2_145 and DQAI1_2_150, which were genotyped
by sequencing, were responsible for discrimination of the DQA1°01
and DQA1"03 alleles. These two SNPs showed high (R? > 0.98)
correlation  coefficients with two intronic  SNPs in DQAI,
rs17426593 and rs34843907, respectively (supplementary Table TIT
is available at Carcinogenesis Online), which were genotyped by
the TagMan method (supplementary Figure 2 is available at Carcino-
genesis Online). In fact, DQA 1703 and DQAT*01 alleles deduced by
these two intronic SNPs showed high (R* > 0.97) correlation coef-
ficients with those determined by two exonic SNPs (supplementary
‘Table TV is available at Carcinogenesis Online). Thus, DQA1*03 and
DQA1701 alleles were discriminated by combined genotypes of two
intronic SNPs, rs17426593 and rs34843907, and the association of
DQAI alleles with lung ADC risk was further examined in a larger
number of subjects by genotyping these two SNPs. Genotyping of an
additional 1131 ADC cases and 648 controls in the NCCH set enabled
us to calculate combined ORs in 1656 ADC cases and 1173 controls
(all subjects of the NCCH set in Table 1), and the ORs of the DQA1*03
and DQA1"01 alleles were 1.36 (P = 53 x 1077 and 0.77 (P =
1.4 x 1079, respectively (Figure 2a, Table II: supplementary
Table V is available at Carcinogenesis Online). Associations of these
alleles with ADC risk were observed both in smokers and non-
smokers and both male and female. A significant increase in OR of
DQA1"03 for ADC risk was also observed in another set (NNGH set
in Table I) of cases and controls (Figure 2a, supplementary Table Vis
available at Carcinogenesis Online), whereas a decre in OR of
DQA1701 was insignificant. The DQA1703 allele comprised the same
haplotype with the risk allele of the intronic rs17426593 SNP (R? =
0.988), which showed the largest difference in allelic distribution
between the cases and controls (Table III). Therefore. DQA1°03
was defined as a risk allele in the 6p21.31 locus, although it is possible
that intronic SNPs rather than exonic SNPs play a causal role in lung
ADC susceptibility. Associations of the DQA1703 allele with risks
were further examined for SQC and SCC, two other major histolog-
ical types of lung cancer to clarify whether the association is specific
to ADC or not. Increases in ORs of DQA1*03 for SQC risk were
significant both in the NCCH and NNGH sets, whereas ORs for
SCC risk. calculated only for the NCCH set. were marginally
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