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Abstract: Although natural killer (NK) cells are a known major player in anti-tumor immunity, the effect of genetic
variation in NK-associated genes on survival in patients with non-small cell lung cancer (NSCLC) remains unknown.
Here, in 1,185 with NSCLC cases of a discovery dataset, we evaluated associations of 28,219 single nucleotide
polymorphisms (SNPs) in 276 NK-associated genes with their survival. These patients were from the reported ge-
nome-wide association study (GWAS) from the Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial.
We further validated the findings in an additional 984 cases from the Harvard Lung Cancer Susceptibility (HLCS)
Study. We identified three SNPs (i.e., DOCK2 rs261083 G>C, VAV2 rs2519996 C>T and EPHB1 rs36215 A>QG) to
be independently associated with overall survival (OS) in NSCLC cases with adjusted hazards ratios (HRs) of 1.16
(95% confidence interval [Cl] = 1.07-1.26, P = 3.34x10%), 1.28 (1.12-1.47, P = 4.57x10%) and 0.75 (0.67-0.83, P
= 1.50x107), respectively. Additional joint assessment of the unfavorable genotypes of the three SNPs showed sig-
nificant associations with OS and disease-specific survival of NSCLC cases in the PLCO dataset (P, ,<0.0001 and
<0.0001, respectively). Moreover, the survival-associated DOCK2 rs261083 C allele had a significant correlation
with reduced DOCK2 transcript levels in lung adenocarcinoma (LUAD), while the rs36215 G allele was significantly
correlated with reduced EPHB1 transcript levels in lymphoblastoid cell lines in the 1000 Genomes Project. These
results revealed that DOCK2 and EPHB1 genetic variants may be prognostic biomarkers of NSCLC survival, likely via
transcription regulation of respective genes.
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Introduction about 85% of all lung cancer cases, the hetero-

geneous non-small cell lung cancer (NSCLC)

As the deadliest malignancy worldwide, lung
cancer has contributed to a large portion of
cancer-related deaths globally and caused
about 228,820 new cases and 135,720 deaths
in the United States in 2020 [1, 2]. To date, lung
cancer remains a heavy burden on public
health of the general population. Accounting for

comprises two broad subtypes: lung squamous
cell carcinomas (LUSC) and lung adenocarcino-
mas (LUAD) [3]. Despite advances made in the
treatment approaches, the prognosis of lung
cancer patients remains poor, with <20% of
individuals surviving up to 5 years after the
diagnosis [4]. Moreover, clinical differences in
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the patients’ response to the same treatment
have been observed [5], suggesting that host
factors, including genetic factors such as single
nucleotide polymorphisms (SNPs), could also
play an essential role in outcomes of the
patients; therefore, it is paramount to deter-
mine important genetic variants as biomarkers
for evaluating therapeutic response and out-
comes of NSCLC cases.

Because SNPs can affect their gene expression
and thus functions, they may have a significant
impact on cancer prognosis [6, 7]. However,
genome-wide association studies (GWASSs)
have detected only few novel and functional
SNPs that predict survival of NSCLC patients,
because GWASs on survival are exploratory
and have focused on SNPs or genes with a
stringent P-values of 5x10% as a result of mul-
tiple testing comparison; meanwhile, the vast
majority of the reported SNPs lack of functional
annotations [8]. As a promising hypothesis-driv-
en approach in the post-GWAS era, a biological
pathway-based method has been used to rean-
alyze previously reported GWAS datasets and
to evaluate the joint impact of SNPs on many
genes of the same molecular pathway, which
drastically improves the study power and facili-
tate subsequent functional analysis [9].

Cancer immunotherapy is a promising treat-
ment strategy against cancer, through activat-
ing or boosting the immune system by mobiliz-
ing anti-cancer immunity, which potentially
inhibits some types of cancer. For example,
immune checkpoint inhibitors, e.g., pro-
grammed death 1 (PD-1) and ligand pro-
grammed death-ligand 1 (PD-L1), are applied
as the first-line therapy for some advanced or
metastatic NSCLC not expressing targetable
genetic mutations [10]. In addition, natural kill-
er (NK) cells, as the first line of defense, bridge
and orchestrate immune responses, playing a
vital anti-cancer role in the host response [11].
Since not all patients benefit from such immu-
notherapies, a major challenge is to identify
individuals with inherited differences in the
highly complex interaction involving the tumor
and immune cells, including NK cells, for per-
sonalized treatment. Hence, we hypothesize
that gene variants in the NK cell-related path-
way involved in the anti-cancer immune
response are associated with survival of NSCLC
patients. By using two available published
GWAS datasets of NSCLC cases, we tested our
hypothesis.
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Materials and methods
Study populations

The discovery genotype dataset was from the
GWAS of the Prostate, Lung, Colorectal and
Ovarian (PLCO) Cancer Screening Trial with
1,185 eligible Caucasian cases. The PLCO trial
was a large randomized cancer screening study
performed in ten American medical centers
from 1993 to 2011, which was funded by the
National Cancer Institute (NCI). A total of
155,000 participants (77,500 men and 77,500
women of 55-74 years old) were included in the
screening trial. All the participants were ran-
domized to the intervention arm (with screen-
ing) and control (standard care) arms [12].
Genomic DNA extraction from whole blood
specimens was performed, and the genotyping
utilized lllumina Human Hap240Sv1.0 and
Human Hap550v3.0 (dbGaP accession: phs-
000093.v2.p2 and phs000336.v1.p1) [13,
14]. The PLCO trial was approved by the institu-
tional review boards of all institutions involved,
and informed consent was obtained from all
participants.

The validation genotype dataset was from
another GWAS performed in the Harvard Lung
Cancer Susceptibility (HLCS) Study, which
included 984 Caucasian NSCLC cases with
available whole blood samples for DNA extrac-
tion. Genotyping was carried out with Illumina
Human hap610-Quad arrays, and MaCH3.0
was utilized for analysis by referring to the
sequencing data for Caucasians in the 1000
Genomes Project [15].

Utilization of both GWAS datasets had the
approval from the Internal Review Board of
Duke University School of Medicine (Project
#Pro00054575) and the National Center for
Biological Information (NCBI) for access to the
de-identified database of genotypes and phe-
notypes (dbGaP; Project #6404). The features
of the PLCO trial (n = 1185) and the HLCS study
(n =984) are shown in Table S1.

Gene selection and SNP imputation

Genes of the NK cell-associated pathway were
identified in the Molecular Signatures Database
(http://software.broadinstitute.org/gsea/msig-
db/index.jsp) using “natural” AND “killer” AND
“cell” as keywords. After excluding 369 dupli-
cated and eight unavailable genes in NCBI, 267
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267 genes in the NK cell-related pathway (369

duplicated genes, eight genes unavailable in NCBI were

removed)

Imputation: miniMac4, r-square = 0.3,

|

28,219 SNPs in the PLCO ftrial
Genotyped SNPs: 2 959; Imputed SNPs: 25,260

J

Gene * 2kb (hg19), MAF = 5%,
Individual call rate = 95%, HWE 2 10‘5

Multivariate Cox proportional hazards regression

!

1,010 SNPs significantly associated with NSCLC
overall survival
(P <0.05 and BFDP < 0.80)

analysis (additive genetic model)
Bayesian false discovery probability (BFDP)

The HLCS study (replication) with 984 patients;

16 SNPs were validated with Harvard
dataset (P < 0.05)
I

Multivariate Cox proportional hazards regression analysis

Multivariate stepwise Cox regression analysis

i

3 independent functional SNPs in
DOCK2, VAV2 and EPHB1

analysis

Genetic model Combined and stratified SNP-mRNA expression
analysis analysis

Figure 1. Study flowchart. The overall procedures of the current study. Abbreviations: NK, Natural killer; SNPs, sin-
gle-nucleotide polymorphisms; MAF: minor allelic frequency; HWE: Hardy-Weinberg Equilibrium; PLCO, The Prostate,
Lung, Colorectal and Ovarian Cancer Screening Trial; HLCS, the Harvard Lung Cancer Susceptibility Study; NSCLC,

non-small cell lung cancer.

genes were considered candidate genes for
further analysis (Table S2). Imputation was car-
ried out for the selected candidate genes with
Minimac4 and the reference panel of the 1000
Genomes Project data (phase 3). Then, all the
SNPs in the candidate genes and alongside the
respective £2 kb flanking regions were extract-
ed and depicted in Figure 1. Finally, a total of
28,219 SNPs (2,959 genotyped and 25,260
imputed) from the PLCO trial were selected for
further analyses (r-square >0.3, individual call
rate 295%, minor allelic frequency >5%, and
Hardy-Weinberg equilibrium >10-°).

Statistical analyses

The follow-up duration for the participants in
both GWAS datasets spanned from NSCLC
diagnosis to final follow-up or death. OS of
NSCLC cases constituted the primary endpoint.
In single-locus analysis, multivariable Cox pro-
portional hazards regression was utilized for
evaluating associations of all SNPs in the 267
NK cell-related pathway genes with OS in the
additive genetic model after adjusting for age,
sex, smoking status, tumor stage, histology,
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radiotherapy, chemotherapy, surgery, and the
major four principal components (Table S3) of
the PLCO genotyping dataset using the
GenABEL package of R [16]. Because most of
the investigational SNPs were in high linkage
disequilibrium (LD) as a result of imputation, we
then utilized Bayesian false discovery probabil-
ity (BFDP) with a cut-off of 0.80 for multiple
testing correction for reducing false-positives
according to previous reports [17, 18]. A prior
probability of 0.10 was used for detecting a
hazards ratio (HR) of 3.0 for associations with
variant genotypes/minor alleles of investiga-
tional SNPs at P<0.05. Next, the chosen SNPs
in the PLCO discovery dataset were subjected
to subsequent validation with the HLCS datas-
et. To identify independent SNPs, a multivariate
stepwise Cox regression model was used,
adjusting for patient features and 41 SNPs pre-
dicting survival that were previously reported in
the PLCO trial dataset. Finally, inverse variance
weighted meta-analysis was performed for
combining data from the discovery and valida-
tion sets using PLINK 1.90 with Cochran’s Q
statistics and /2. As both datasets showed no
heterogeneity (P, >0.10 and ’<50%), the fixed-

Am J Cancer Res 2021;11(5):2264-2277



Genetic variants in the natural killer cells-related pathway and lung cancer

effects model was used for data assessment.
The identified SNPs were also visualized by
Manhattan plots and regional association
plots.

Then, the combined unfavorable genotypes of
the identified SNPs were used to estimate their
collective effects on survival probability. The
Kaplan-Meier technique was utilized for surviv-
al function estimate. The Cochran’s Q-test was
also carried out for comparing effect differenc-
es between subgroups in the stratified analy-
sis. Subsequently, we carried out expression
quantitative trait loci (eQTL) analysis for evalu-
ating correlations of SNPs with the correspond-
ing mRNA transcript levels utilizing a linear
regression model in the R v3.6.2. The transcrip-
tional expression data originated from three
sources, including 373 European patients of
the 1,000 Genomes Project [19], whole blood
specimens from 369 subjects and non-dis-
eased lung samples from 383 cases in the
genotype-tissue expression (GTEXx) project [20],
and lung cancer tissues specimens from the
The Cancer Genome Atlas (TCGA) database
(dbGaP Study Accession phs000178.v10.p8)
[24]. Next, bioinformatics functional prediction
for the validated SNPs was performed with
SNPinfo [22]. (https://snpinfo.niehs.nih.gov),
RegulomeDB [23] (http://www.regulomedb.
org), and HaploReg [24] (http://archive.broadin-
stitute.org/mammals/haploreg/haploreg.php)
were utilized for predicting the functions of
these validated SNPs. Differences in mRNA
transcript levels between paired tumor speci-
mens and adjacent noncancerous tissue sam-
ples from the TCGA database were evaluated
by paired Student t-test. Moreover, associa-
tions of transcript levels with survival propabili-
ty were assessed by the Kaplan-Meier method
(http://kmplot.com/analysis/index.php?p=
service&cancer=lung). SAS 9.4 (SAS Institute,
USA) was utilized for data analysis, unless
specified otherwise.

Results

Associations of SNPs in NK cell-asscociated
pathway genes with NSCLC OS in the PLCO
and HLCS datasets

The overall flowchart is presented in Figure 1.
Baseline features for respective 1,185 and
984 NSCLC cases from the PLCO and HLCS
study were reported previously [25]. The dis-
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covery PLCO dataset encompassed 28,219
SNPs (including 2,959 genotyped; 25,260
imputed SNPs) in the 267 NK cell-related path-
way genes available for the initial analysis, of
which 1,010 SNPs were statistically significant
associated with OS in NSCLC (P<0.05) following
multiple testing correction by BFDP<O0.8. After
subsequent validation in the HLCS validation
dataset, 16 SNPs still showed statistical
significance.

Associations between independent SNPs and
with NSCLC OS in the PLCO dataset

To determine whether the above-mentioned 16
SNPs were independently associated with
NSCLC survival, adjustment was made for
other covariates and previously reported SNPs
in the same dataset, using the same Cox
regression model. However, the individual
genotyping and clinical data were only available
for patients from the PLCO trial but not for
those from the HLCS study. Therefore, we first
performed stepwise multivariate Cox regres-
sion analysis for evaluating the impact of the
16 validated SNPs on OS only in the PLCO data-
set. In stepwise Cox regression analysis, nine
SNPs were identified with significant and inde-
pendent associations with NSCLC OS.
Subsequently, we further adjusted for other 41
additional SNPs that were previously reported
to be associated with OS in the same PLCO
dataset. As a result, three SNPs (DOCK2
rs261083 G>C, VAV2 rs2519996 C>T and
EPHB1 rs36215 A>G) were still statistically sig-
nificant in associations with NSCLC OS (P =
0.004, P = 0.019 and P<0.0001, respectively,
in the additive model) (Table 1). Subsequent
meta-analysis of the above-mentioned three
independent SNPs yielded consistent results (P
= 3.34x10%, 4.57x10* and 5.00x10*, respec-
tively) without heterogeneity across these two
datasets (Table 2).

Specifically, individuals with the EPHB1
rs36215 G allele had a favorable OS and DSS
(P = 0.017 and 0.018, respectively, in the

trend

trend test), while patients with both DOCK2
rs261083 C and VAV2 rs2519996 T alleles
showed an elevated risk of death (P, <0.007

trend

and P._ =0.016 for OS, respectively, and P

trend trend

=0.015and P, , = 0.048 for DSS, respective-

ly, in the trend test) (Table 3). We also visual-
ized the gene locations in the genome for all
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Table 1. Three independent SNPs in a multivariate Cox proportional hazards regression analysis with

adjustment for other covariates and 41 previously published SNPs for NSCLC in the PLCO Trial

Variables Category Frequency HR (95% ClI)? P2 HR (95% Cl)® PP

Age Continuous 1185 1.03 (1.02-1.05) <0.0001 1.04 (1.03-1.06) <0.0001

Sex Male 698 1.00 1.00
Female 487 0.76 (0.66-0.89) 0.005 0.70(0.59-0.82) <0.0001

Smoking status Never 115 1.00 1.00
Current 423 1.69 (1.26-2.27) 0.0004 2.10(1.55-2.85) <0.0001
Former 647 1.67 (1.27-2.20) 0.0003 2.03(1.52-2.70) <0.0001

Histology Adenocarcinoma 577 1.00 1.00
Squamous cell 285 1.20(0.99-1.44) 0.059 1.20(0.99-1.46) 0.071
others 323 1.32(1.12-1.57) 0.001 1.41(1.18-1.69) 0.0002

Tumor stage I-INA 655 1.00 1.00
nB-1Iv 528 2.84 (2.34-3.45) <0.0001 3.40 (2.78-4.16) <0.0001

Chemotherapy No 639 1.00 1.00
Yes 538 0.57 (0.48-0.68) <0.0001 0.54 (0.45-0.65) <0.0001

Radiotherapy No 762 1.00 1.00
Yes 415 0.93(0.79-1.10) 0.415 0.98(0.83-1.16) 0.821

Surgery No 637 1.00 1.00
Yes 540 0.20 (0.15-0.26) <0.0001 0.18 (0.14-0.23) <0.0001
DOCK2rs261083 G>C  GG/GC/CC 694/416/75 1.14 (1.01-1.27) 0.029 1.20(1.06-1.36) 0.004
VAV2 rs2519996 C>T CC/CT/TT 1056/124/5 1.27 (1.03-1.55) 0.024 1.31(1.05-1.63) 0.019
EPHB1 rs36215 A>G AA/AG/GG 1030/150/5 0.79 (0.64-0.97) 0.024 0.63 (0.50-0.78) <0.0001

Abbreviations: SNP: single-nucleotide polymorphisms; NSCLC, non-small cell lung cancer; PLCO, the Prostate, Lung, Colorec-
tal and Ovarian cancer screening trial; HR: hazards ratio; Cl: confidence interval. 2Adjusted for age, sex, tumor stage, histol-
ogy, smoking status, chemotherapy, radiotherapy, surgery, two other identified SNPs, PC1, PC2, PC3 and PC4. *Other 41
previously published SNPs from the same GWAS dataset were also included for further adjustment: rs779901, rs3806116,
rs199731120, rs10794069, rs1732793, rs225390, rs3788142, rs73049469, rs35970494, rs225388, rs7553295,
rs1279590, rs73534533, rs677844, rs4978754, rs1555195, rs11660748, rs73440898, rs13040574, rs469783,
rs36071574, rs7242481, rs1049493, rs1801701, rs35859010, rs1833970, rs254315, rs425904, rs35385129,
rs4487030, rs60571065, rs13213007, rs115613985, rs9673682, rs2011404, rs7867814, rs2547235, rs4733124,

rs11225211, rs11787670 and rs67715745.

the significant SNPs by the Manhattan (Figure
S1) and regional association plots (Figure S2).

Combined and stratified analyses of the three
SNPs independently associated with NSCLC
OS in the PLCO dataset

To evaluate the collective impact of the above-
mentioned three SNPs on NSCLC survival, the
respective unfavorable genotypes (i.e., DOCK2
rs261083 GC+CC, VAV2 rs2519996 CT+TT,
and EPHB1 rs36215 AA) were included to build
a genetic score to categorize the totality of
NSCLC patients into four groups based on the
number of unfavorable genotypes (NUG). As
illustrated in Table 3, multivariable Cox analysis
showed that an elevated genetic score inde-
pendently predicted an elevated risk of death
(trend test: P<0.0001 for both OS and DSS).
Next, the totality of patients were dichotomized
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into the low-risk (0-1 NUG) and high-risk groups
(2-3 NUGS). In comparison with low-risk cases,
high-risk cases showed a significantly elevated
risk of death (OS: HR = 1.35, 95% CI = 1.17-
1.56 and P<0.0001 and DSS: HR = 1.38, 95%
Cl = 1.19-1.60 and P<0.0001). We also gener-
ated KM survival curves to depict the associa-
tions of unfavorable genotypes with survival in
NSCLC (Figure 2A-D).

Then, stratification analysis was carried out to
assess whether the impact of unfavorable gen-
otypes assessed in combination on NSCLC sur-
vival were altered by sex, age, smoking status,
tumor stage, histology, radiotherapy, chemo-
therapy and surgery in the PLCO dataset.
Obvious differences in survival or interactions
were not observed among the strata of these
covariates in OS or DSS in NSCLC (P>0.05,
Table S4).
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Table 2. Associations of three significant SNPs with overall survival of patients with NSCLC in both discovery and validation datasets from two
previously published GWASs

PLCO (n = 1185) HLCS (n = 984) Combined-analysis
EAF HR (95% Cl)° P> EAF HR (95% Cl)° pe p d I HR (95% Cl)® Pe

het
rs261083 G>C DOCK2 5 169278751 0.24 1.17 (1.05-1.31) 0.006 0.21 1.16(1.02-1.31) 0.023 0.879 0.0 1.16(1.07-1.26) 3.34x10*
rs2519996 C>T VAV2 9 136769348 0.06 1.29(1.05-1.58) 0.016 0.07 1.27 (1.06-1.54) 0.012 0.933 0.0 1.28(1.12-1.47) 4.57x10*
rs36215 A>G EPHB1 3 134627850 0.07 0.76(0.61-0.94) 0.010 0.05 0.75(0.59-0.94) 0.015 0.879 0.0 0.75(0.67-0.83) 5.00x10*
Abbreviations: SNPs, single-nucleotide polymorphisms; Chr: chromosome; NSCLC, non-small cell lung cancer; GWAS, genome-wide association study; PLCO, the Prostate, Lung,
Colorectal and Ovarian cancer screening trial; HLCS, Harvard Lung Cancer Susceptibility Study; EAF, effect allele frequency; HR, hazards ratio; Cl, confidence interval; FDR, false
discovery rate; BFDP, Bayesian false discovery probability; LD, linkage disequilibrium. 2Effect/reference allele. "Adjusted for age, sex, stage, histology, smoking status, chemotherapy,

radiotherapy, surgery, PC1, PC2, PC3 and PC4. “Adjusted for age, sex, stage, histology, smoking status, chemotherapy, radiotherapy, surgery, PC1, PC2 and PC3. °P, : P value for
heterogeneity by Cochrane’s Q test. ®Meta-analysis in the fix-effects model.

SNPs Allele* Gene Chr Position
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Table 3. Associations between the number of unfavorable genotypes of three independent SNPs with OS
and DSS of NSCLC in the PLCO Trial

0s® DSSP

Alleles Frequency?
Death (%) HR (95% CI) P Death (%) HR (95% CI) P

DOCK2 rs261083 G>C

GG 691 463 (67.00) 1.00 415 (60.06) 1.00

GC 412 277 (67.23) 1.28(1.10-1.49) 0.001 254 (61.65) 1.32(1.13-1.55) 0.0006

cc 72 49 (68.06) 1.17(0.87-1.58) 0.298 40 (55.56) 1.07 (0.77-1.48) 0.699

Trend test 0.007 0.015

Dominant

GG 691 463 (67.00) 1.00 415 (60.06) 1.00

GC+CC 484 326 (67.36) 1.27 (1.09-1.46) 0.002 294 (60.74) 1.28(1.10-1.49) 0.0016
VAV2 rs2519996 C>T

cc 1049 699 (66.63) 1.00 628 (59.87) 1.00

CT 121 86 (71.07) 1.32(1.05-1.65) 0.016 78 (64.46) 1.30(1.03-1.65) 0.031

T 5 4(80.00) 1.33(0.49-3.59) 0.575 3(60.00) 1.02(0.33-3.21) 0.971

Trend test 0.016 0.048

Dominant

cc 1049 699 (66.63) 1.00 628 (59.87) 1.00

CT+TT 126 90(71.43) 1.32(1.06-1.65) 0.014 81(64.29) 1.29(1.02-1.63) 0.034
EPHB1 rs36215 A>G

AA 1020 700 (68.63) 1.00 629 (61.67) 1.00

AG 150 84 (56.00) 0.74 (0.59-0.93) 0.010 76 (50.67) 0.74 (0.58-0.94) 0.013

GG 5 5(100.00) 0.97 (0.39-2.38) 0.943 4 (80.00) 0.87(0.32-2.35) 0.776

Trend test 0.017 0.018

Dominant

AA 1020 700 (68.63) 1.00 629 (61.67) 1.00

AG+GG 155 89 (57.42) 0.75(0.60-0.937) 0.011 80 (51.61) 0.74 (0.59-0.94) 0.013

Change reference genotypes

AG+GG 155 89 (57.42) 1.00 80 (51.61) 1.00

AA 1020 700 (68.63) 1.33(1.07-1.67) 0.011 629 (61.67) 1.35(1.06-1.70) 0.013
NUG®

0 85 48 (56.47) 1.00 44 (51.76) 1.00

1 591 395 (66.84) 1.39(1.03-1.88) 0.032 350 (59.22) 1.36(0.99-1.87) 0.055

2 458 317 (69.21) 1.78 (1.31-2.41) 0.0002 291 (63.54) 1.80 (1.31-2.48) 0.0003

3 41 29(70.73) 2.10(1.32-3.35) 0.0018 24 (58.54) 1.87(1.13-3.08) 0.015

Trend test <0.0001 <0.0001
Dichotomized NUG

0-1 676 443 (65.53) 1.00 394 (58.28) 1.00

2-3 499 346 (69.34) 1.35(1.17-1.56) <0.0001 315 (63.13) 1.38(1.19-1.60) <0.0001

Abbreviations: SNP, single nucleotide polymorphism; NSCLC, non-small cell lung cancer; PLCO, Prostate, Lung, Colorectal and Ovarian cancer screen-
ing trial; HR, hazards ratio; Cl, confidence interval; OS, overall survival; DSS, disease-specific survival. NUG: number of unfavorable genotypes. 210
missing date were excluded. *Adjusted for age, sex, smoking status, histology, tumor stage, chemotherapy, surgery, radiotherapy and principal compo-
nents. ‘Unfavorable genotypes were DOCK2 rs261083 GC+CC, VAV2 rs2519996 CT+TT and EPHB1 rs36215 AA.

Expression quantitative trait loci (eQTL) analy- correlated with a reduced mRNA transcript lev-
sis els in LUAD tissue specimens in both additive
= 0.025, Figure 3A) and dominant
(Pyominant = 0-038, Figure 3B) models, but not

(P dditive
To investigate possible functions of these three e

SNPs, eQTL was performed to explore correla-
tions of SNP genotypes with the respective
mRNA transcript levels. In the TCGA dataset,
the DOCK2 rs261083 C allele was significantly
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observed in the 1000 Genomes Project data-
base and LUSC from the TCGA dataset (Figure
S3A-F). The EPHB1 rs36215 G allele was sig-
nificantly correlated with decreased mMRNA
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transcript levels of the gene in the dominant tion between the EPHB1 rs36215 G allele and
model (P = 0.045, Figure 3C) in the 1000 mRNA amounts was observed in genetic mod-
Gemomes Project database but not in another els in LUAD (Figure S3I) and LUSC (Figure S3J-L)
two models (Figure S3G, S3H) and no correla- from the TCGA dataset. And there was no
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significant correlation between the VAV2
rs2519996 T allele and mRNA transcript levels
in all three genetic models in the 1000
Genomes Project (Figure S3M-0) and the TCGA
dataset (Figure S3P-S). Additionally, eQTL anal-
ysis of the GTEx Project dataset was carried
out, and these genotypes had no significant
correlations with the respective mRNA tran-
script levels in either normal lung tissue speci-
mens (n = 515) or whole blood samples (n =

515) (Eigure S4).

Differential mRNA expression analysis in
target tissues

In comparison with paired adjacent noncancer-
ous tissues, DOCK2 expression in tumor tis-
sues samples was markedly lower in LUAD,
LUSC and combined LUAD+LUSC samples (all
P<0.001; Figure 4A), and elevated DOCK2
transcript levels were also associated with
reduced risk of death as depicted by a KM sur-
vival curve of lung cancer found in the online
data (Figure S5A) (http://kmplot.com/analysis/
index.php?p=service&cancer=lung). In con-
trast, EPHB1 transcript levels were higher in
LUAD, LUSC and combined LUAD+LUSC sam-
ples (P = 0.001, <0.001 and <0.001, respec-
tively) in comparison with paired adjacent nor-
mal lung tissue specimens (Figure 4B).
Meanwhile, these elevated transcript levels
had no association with elevated risk of death
(Figure S5B). Likewise, VAV2 gene expression
was remarkably elevated in LUAD and com-
bined LUAD+LUSC samples (P = 0.0013 and
0.001, respectively) but not in LUSC (P =
0.1411; Figure 4C); meanwhile, elevated VAV2
MRNA transcript levels had no association with
a high risk of death (Figure S5C).

Bioinformatics analyses for functional predic-
tion

In silico prediction of the functions of the above-
mentioned three significant SNPs was carried
out with online bioinformatics tools (i.e.,
SNPinfo, RegulomeDB, and HaploReg). We
found that a DOCK2 rs261083 G>A change
might alter protein motifs, while VAV2
rs2519996 C>T and EPHB1 rs36215 A>G
changes might potentially affect enhancer his-
tone marks (Table S5). Additionally, according
to experimental data in the Encyclopedia of
DNA Elements (ENCODE) project, no potential
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functions for these independent SNPs were
predicted (Figure S6).

Discussion

In the current study, we demonstrated that
DOCK2 rs261083 G>C, VAV2 rs2519996 C>T,
and EPHB1 rs36215 A>G in the NK cell-related
gene-set significantly predicted OS and DSS in
Caucasian NSCLC patients. Additionally, the
DOCK2 rs261083 C allele affected DOCK2
MRNA transcript levels in LUAD specimens in
the TCGA dataset, while the EPHB1 rs36215 G
allele was significantly correlated with mRNA
transcript levels in lymphoblastoid cells from
373 Europeanindividuals in the 1000 Genomes
Project.

Considering gene expression data in the TCGA
database, DOCK2 might represent a suppres-
sor gene, because reduced DOCK2 mRNA tran-
script levels were correlated with an elevated
risk of death in patients with both LUAD and
LUSC. However, the rs261083 C allele appeared
to affect DOCK2 mRNA expression levels in
LUAD but not LUSC. This might result from the
small number of tumor specimens available for
analysis; alternatively, there might be distinct
molecular mechanisms and genetic heteroge-
neity between these subtypes of NSCLC [26,
27]. On the other hand, both EPHB1 and VAV2
seemed to have some oncogenic features,
because higher mRNA transcript levels were
associated with an elevated risks of death in
NSCLC cases. Moreover, the rs36215 G allele
predicted a reduced risk of death and low
EPHB1 mRNA transcript levels in normal lym-
phoblastic cell lines, although the rs2519996 T
allele did not predict VAV2 gene expression.
Jointly, these findings suggest that the observed
associations of genetic variants in the NK cell-
associated genes with NSCLC survival are bio-
logically plausible.

DOCK2, also called dedicator of cytokinesis2
and located on chromosome 5, is critical for
lymphocyte migration and regulates T cell
responsiveness [28]. Functionally, DOCK2 reg-
ulates not only the differentiation of NKs, plas-
macytoid dendritic cells and T helper 2 cells
[29] but also cell motility, polarity, adhesion,
proliferation and apoptosis by activating Rac
[30]. DOCK2 is also likely involved in the carci-
nogenesis. For instance, a report showed
DOCK2 overexpression is associated with good
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Figure 4. DOCK2, EPHB1 and VAV2 mRNA expression in lung cancer tissue and adjacent noncancerous lung tis-
sues specimens in the TCGA dataset. A. Elevated DOCK2 expression was detected in noncancerous tissue samples
versus both LUAD tissues and LUSC tissue specimens. B. Elevated EPHB1 expression was found in both LUAD and
LUSC tumor tissue specimens in comparison with the noncancerous tissue samples. C. Elevated expression of VAV2
was found in the LUAD tissue samples in comparison with the noncancerous tissue samples. Abbreviations: NSCLC,
non-small cell lung cancer; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma.

acute myeloid leukemia (AML) prognosis [31].
Additionally, DOCK2 overexpression was report-
ed to be correlated with a favorable prognosis
in colorectal cancer with overtly enhanced
CD8+ lymphocytes infiltration [32]. The above
findings suggest that DOCK2 might be a poten-
tial tumor suppressor, because DOCK2 was
suppressed in tumor tissues in comparison
with benign tissues and that elevated DOCK2
gene expression predicted good prognosis in
LUAD cases.

EPHB1 (Eph receptor B1), an Eph family mem-
ber, modulates not only adult angiogenesis but
also embryonic vascular system development
[33]. A previous study revealed that high EPHB1
transcript levels in NSCLC tissue specimens in
comparison with adjacent noncancerous nor-
mal lung tissue specimens; Furthermore,
EPHB1 overexpression induces migration and
invasion and is also associated with reduced
survival of lung cancer patient [34]. These find-
ings indicate that EPHB1 may have an onco-
genic effect in line with the above finding that
the EPHB1 transcript levels were elevated in
lung cancer tissue specimens in comparison
with paired noncancerous lung tissue speci-
mens from the same patients. However, no
study has reported associations of genetic vari-
ants of EPHB1 with NSCLC survival. As shown
above, the EPHB1 rs36215 variant G allele pre-
dicted a reduced risk of death in NSCLC cases,
compared with individuals with the wildtype
allele, possibly because the EPHB1 rs36215 G
allele decreased EPHB1 gene expression.
Since OS was comparable between the higher
and lower expression of EPHB1 groups of
NSCLC cases, additional molecular mecha-
nisms might control EPHB1 expression in can-
cer, which needs further investigation.

VAV2, (vav guanine nucleotide exchange factor
2), located on chromosome 9, is one of the
essential regulators of immune function [35].
The newly described VAV2 has abnormal
expression in several malignancies [36-38],
and the VAV2-Rac1 pathway is involved in can-
cer development [39]. Reports assessing VAV2
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in NSCLC are scarce. A report suggested VAV2
modulates vimentin-associated FAK activation
and controls lung cancer cell adhesion in vitro
[40]; Another study showed that miR-331-3p
suppresses epithelial-to-mesenchymal transi-
tion (EMT), migration and metastatic potential
by interacting with ErbB2 and VAV2 via the
Rac1/PAK1/B-catenin signaling in NSCLC [41].
Furthermore, host Vav2 deficiency decreases
microvascular density and tumor growth and/or
survival, in Lewis lung carcinoma models [42].
These findings suggest that VAV2 might have
an oncogenic function in the tumor microenvi-
ronment in the NSCLC biology, corroborating
the above-mentioned finding of VAV2 overex-
pression in lung cancer specimens in compari-
son with paired noncancerous tissue samples
form the same patients. However, no reports
have assessed the roles of VAV2 genetic vari-
ants in NSCLC prognosis. As shown above, the
VAV2 rs2519996 variant T allele was not found
to affect VAV2 mRNA transcript levels, although
it predicted an elevated risk of death in NSCLC,
in comparison with the wildtype. Furthermore,
VAV2 mRNA amounts were markedly increased
in lung cancer tissue specimens compared with
noncancerous counterparts, although VAV2
upregulation was not correlated with reduced
survival. Thus, the molecular mechanisms of
VAV2 in predicting survival of NSCLC patients
need to be further investigated.

The limitations of the current study should be
mentioned. First, only Caucasian patients were
included in the two available GWAS datasets,
which may have reduced the generalizability of
the findings to other ethnic groups. Secondly,
the exact molecular mechanisms underpinning
the above-mentioned associations of these
independent SNPs with NSCLC survival remain
unknown and should be further explored.
Thirdly, no detailed information about the ther-
apies administered to the patients was avail-
able in the PLCO trial, which makes it impossi-
ble to be adjusted, such as immunotherapies,
in the analysis. Finally, despite the relatively
large sample size of the PLCO trial, the num-
bers of patients in various subgroups remain
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relatively small, likely reducing the statistical
power in the stratified or subgroup analyses.

Overall, we demonstrated that three novel inde-
pendent functional SNPs (DOCK2 rs261083
G>C, VAV2 rs2519996 C>T, and EPHB1
rs36215 A>G) were associated with survival in
NSCLC cases in both the PLCO trial and the
HLCS study. We also showed that DOCK2
rs261083 C likely has an effect on survival in
NSCLC cases, possibly by altering the targeted
gene expression. Our findings indicate that
these three SNPs might represent new prog-
nostic biomarkers of NSCLC survival, once fur-
ther validated in additional lung cancer patient
populations and upon further mechanistic
assessment.
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Table S1. Comparison of the characteristics between the PLCO trial and the HLCS study

PLCO

HLCS

Characteristics P
Frequency Deaths (%) Frequency Deaths (%)

Total 1185 798 (67.3) 984 665 (67.5)

Median overall survival (months) 23.8 39.9

Age
<71 636 400 (62.9) 654 428 (65.4) <0.0001
>71 549 398 (72.5) 330 237 (71.8)

Sex
Male 698 507 (72.6) 507 379 (74.7) 0.0006
Female 487 291 (59.8) 477 286 (59.9)

Smoking status
Never 115 63 (54.8) 92 52 (56.5) 0.166
Current 423 272 (64.3) 390 266 (68.2)
Former 647 463 (71.6) 502 347 (69.1)

Histology
Adenocarcinoma 577 348 (60.3) 597 378 (63.3) <0.0001
Squamous cell carcinoma 285 192 (67.4) 216 156 (72.2)
Others 323 258 (79.9) 171 131 (76.6)

Stage
I-I1IA 655 315 (48.1) 606 352 (58.0) 0.003
HB-1v 528 482 (91.3) 377 313 (83.0)
Missing 2 -

Abbreviations: PLCO, the Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial; HLCS, Harvard Lung Cancer Suceptibil-
ity Study. "Chi-square test for the comparison of the characteristics between the PLCO trial and Harvard study for each clinical

variable.
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Table S2. List of 267 selected genes in the Natural killer cell related gene-set used in the discovery analysis

Number
Dataset Name of pathway Selected genes?®
of genes
BIOCARTA  BIOCARTA_INFLAM_PATHWAY CD4, CSF1, CSF2, CSF3, CXCL8, HLA-DRA, HLA-DRB1, HLA-DRB3, HLA-DRB4, HLA-DRBS5, IFNA1, IFNB1, IFNG, IL10, IL11, IL13, 29
IL15, IL1A, IL2,IL3, IL4, IL5, IL6, IL7, PDGFA, TGFB1, TGFB2, TGFB3, TNF
BIOCARTA  BIOCARTA_NO2IL12_PATHWAY CCR5, CD2, CD247, CD3D, CD3E, CD3G, CD4, CXCR3, IFNG, IL12RB1, IL12RB2, JAK2, LILRB1, NOS2, STAT4, TYK2 16
GO GO_IMMUNOLOGICAL_SYNAPSE_FORMATION  CCL19, CCL21, CCR7, CD6, CD81, DLG1, DOCK2, DOCK8, EPHB1, HAVCR2, LGALS3, MSN, NCK2, PRF1 14
GO GO_NATURAL_KILLER_CELL_ACTIVATION AP1G1, AXL, BAG6, BLOC1S3, CASPS, CD2, CD244, CLNK, CORO1A, ELF4, FGR, FLT3LG, GAS6, HAVCR2, HLA-E, HLA-F, HNF1A, 84
ID2, IFNA1, IFNA1O, IFNA13, IFNA14, IFNA16, IFNA17, IFNA2, IFNA21, IFNA4, IFNA5, IFNAG, IFNA7, IFNA8, IFNB1, IFNE, IFNK,
IFNW1, IL12A, IL12B, IL15, IL18, IL18R1, IL2, IL21R, IL23A, IL23R, ITGB2, KIR3DS1, KLRC4-KLRK1, KLRF2, KLRK1, LAMP1, LEP,
MERTK, MICA, NCR1, NCR3, PGLYRP1, PGLYRP2, PGLYRP3, PGLYRP4, PIBF1, PIK3CD, PRDM1, PRDX1, PTPN22, PTPRC, RAB27A,
RASGRP1, RHBDD3, SLAMF7, SNX27, SP3, STAT5B, TICAM1, TOX, TUSC2, TYRO3, TYROBPF, ULBP1, ULBP2, ULBP3, UNC13D,
VAMP?7, ZBTB1, ZNF683
GO GO_NATURAL_KILLER_CELL_ACTIVATION_IN- AP1G1, CD244, CORO1AM, HLA-F, IFNA1, IFNA10, IFNA13, IFNA14, IFNA16, IFNA17, IFNA2, IFNA21, IFNA4, IFNA5, IFNAG, IFNA7, 32
VOLVED_IN_IMMUNE_RESPONSE IFNAS, IFNB1, IFNE, IFNK, IFNW1, IL12B, KLRF2, LAMP1, PGLYRP1, PGLYRP2, PGLYRP3, PGLYRP4, RAB27A, UNC13D, VAMP?,
ZNF683
GO GO_NATURAL_KILLER_CELL_CHEMOTAXIS CCL2, CCL3, CCL4, CCL5, CCL7, CXCL14, KLRC4-KLRK1, KLRK1, PIK3CD, PIK3CG, XCL1 11
GO GO_NATURAL_KILLER_CELL_DIFFERENTIATION  AXL, FLT3LG, GAS6, HNF1A, ID2, IL15, MERTK, PGLYRP1, PGLYRP2, PGLYRP3, PGLYRP4, PIK3CD, PRDM1, PTPRC, RASGRP1, 22
SP3, STAT5B, TOX, TUSC2, TYRO3, ZBTB1, ZNF683
GO GO_NATURAL_KILLER_CELL_LECTIN_LIKE_RE-  HLA-E, MICA, MICB, RAET1E, RAET1G, ULBP1, ULBP2, ULBP3 8
CEPTOR_BINDING
GO GO_NATURAL_KILLER_CELL_MEDIATED_IM- CD160, CD226, CEACAM1, CRTAM, HAVCR2, IL12A, IL12B, NECTIN2, PVR 9
MUNE_RESPONSE_TO_TUMOR_CELL
GO GO_NATURAL_KILLER_CELL_PROLIFERATION ELF4, FLT3LG, HLA-E, IL12B, IL15, IL18, IL23A, IL23R, LEP, PTPN22, STAT5B 11
GO GO_NEGATIVE_REGULATION_OF_NATURAL_ CLNK, FGR, HAVCR2, HLA-F, MICA, PGLYRP1, PGLYRP2, PGLYRP3, PGLYRP4, PIBF1, RHBDD3 11
KILLER_CELL_ACTIVATION
GO GO_NEGATIVE_REGULATION_OF_NATURAL_ ARRB2, CD96, CEACAM1, CLEC12B, CRK, HAVCR2, HLA-E, HLA-F, HLA-G, KIR2DL4, LGALS9, LILRB1, MICA, SERPINB4, SERPINB9 15
KILLER_CELL_MEDIATED_IMMUNITY
GO GO_NK_T_CELL_ACTIVATION CD300A, ELF4, HSPH1, IL12A, IL12B, IL15, IL18, IL23A, IL23R, RASAL3, ZBTB7B 11
GO GO_POSITIVE_REGULATION_OF_NATURAL_KILL- AP1G1, AXL, BLOC1S3, FLT3LG, GAS6, HLA-E, HLA-F, IL12A, IL12B, IL15, IL18, IL23A, IL23R, LAMP1, RASGRP1, STAT5B, TICAM1, 20
ER_CELL_ACTIVATION TOX, TYROBP, ZBTB1
GO GO_POSITIVE_REGULATION_OF_NATURAL_KILL- CCL3, CCL4, CCL5, CCL7, CXCL14, XCL1 6
ER_CELL_CHEMOTAXIS
GO GO_POSITIVE_REGULATION_OF_NATURAL_KILL- AXL, FLT3LG, GAS6, IL15, RASGRP1, STAT5B, TOX, ZBTB1 8
ER_CELL_DIFFERENTIATION
GO GO_POSITIVE_REGULATION_OF_NATURAL_KILL- AP1G1, CADM1, CD160, CD226, CRTAM, HLA-E, HLA-F, IL12A, IL12B, IL18RAP, IL21, KLRC4-KLRK1, KLRK1, LAG3, LAMP1, 24
ER_CELL_MEDIATED_CYTOTOXICITY NCR3, NECTIN2, PVR, RAET1E, RASGRP1, SH2D1A, SLAMF6, STAT5B, VAV1
GO GO_POSITIVE_REGULATION_OF_NATURAL_KILL- CD160, CD226, CRTAM, IL12A, IL12B, NECTIN2, PVR 7
ER_CELL_MEDIATED_IMMUNE_RESPONSE_TO_
TUMOR_CELL
GO GO_POSITIVE_REGULATION_OF_NATURAL_KILL- AP1G1, CADM1, CD160, CD226, CLNK, CRTAM, HLA-E, HLA-F, HLA-G, IL12A, IL12B, IL18RAP, IL21, KIR2DL4, KLRC4-KLRK1, 29
ER_CELL_MEDIATED_IMMUNITY KLRK1, LAG3, LAMP1, NCR3, NECTIN2, PVR, RAET1E, RAET1G, RASGRP1, SH2D1A, SH2D1B, SLAMF6, STAT5B, VAV1
GO GO_POSITIVE_REGULATION_OF_NATURAL_KILL-  FLT3LG, HLA-E, IL12B, IL15, IL18, IL23A, IL23R, STAT5B 8
ER_CELL_PROLIFERATION
GO GO_POSITIVE_REGULATION_OF_NK_T_CELL_ HSPH1, IL12A, IL12B, IL18, IL23A, IL23R, RASAL3 7

ACTIVATION
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GO_REGULATION_OF_NATURAL_KILLER_CELL_
ACTIVATION

GO_REGULATION_OF_NATURAL_KILLER_CELL_
CHEMOTAXI

GO_REGULATION_OF_NATURAL_KILLER_CELL_
DIFFERENTIATION

GO_REGULATION_OF_NATURAL_KILLER_CELL_
DIFFERENTIATION_INVOLVED_IN_IMMUNE_RE-
SPONSE

GO_REGULATION_OF_NATURAL_KILLER_CELL_
MEDIATED_IMMUNITY

GO_REGULATION_OF_NK_T_CELL_ACTIVATION

GO_REGULATION_OF_NK_T_CELL_DIFFEREN-
TIATION
GO_REGULATION_OF_NK_T_CELL_PROLIFERA-
TION

KEGG_NATURAL_KILLER_CELL_MEDIATED_CY-
TOTOXICITY

AP1G1, AXL, BLOC1S3, CLNK, FGR, FLT3LG, GAS6, HAVCR2, HLA-E, HLA-F, IL12A, IL12B, IL15, IL18, IL23A, IL23R, LAMP1, LEP,
MICA, PGLYRP1, PGLYRP2, PGLYRP3, PGLYRP4, PIBF1, PRDM1, PTPN22, RASGRP1, RHBDD3, STAT5B, TICAM1, TOX, TYROBP,
ZBTB1, ZNF683

CCL2, CCL3, CCL4, CCL5, CCL7, CXCL14, KLRC4-KLRK1, KLRK1, XCL1

AXL, FLT3LG, GAS6, IL15, PGLYRP1, PGLYRP2, PGLYRP3, PGLYRP4, PRDM1, RASGRP1, STAT5B, TOX, ZBTB1, ZNF683

PGLYRP1, PGLYRP2, PGLYRP3, PGLYRP4, ZNF683

AP1G1, ARRB2, CADM1, CD160, CD226, CD96, CEACAM1, CLEC12B, CLNK, CRK, CRTAM, HAVCR2, HLA-E, HLA-F, HLA-G, IL12A,
IL12B, IL18RAP, IL21, KIR2DL4, KLRC4-KLRK1, KLRK1, LAG3, LAMP1, LEP, LGALS9, LILRB1, MICA, NCR1, NCR3, NECTIN2,
PIK3R6, PVR, RAET1E, RAET1G, RASGRP1, SERPINB4, SERPINBY, SH2D1A, SH2D1B, SLAMF6, STAT5B, VAV1

CD300A, HSPH1, IL12A, IL12B, IL18, IL23A, IL23R, RASAL3, ZBTB7B
AP3B1, AP3D1, PRDM1, TGFBR2, ZBTB16, ZNF683

IL12B, IL18, IL23A, RASAL3, ZBTB7B

ARAF, BID, BRAF, CASP3, CD244, CD247, CD48, CHP1, CHP2, CSF2, FAS, FASLG, FCER1G, FCGR3A, FCGR3B, FYN, GRB2, GZMB,
HCST, HLA-A, HLA-B, HLA-C, HLA-E, HLA-G, HRAS, ICAM1, ICAM2, IFNA1, IFNA10, IFNA13, IFNA14, IFNA16, IFNA17, IFNA2,
IFNA21, IFNA4, IFNA5, IFNAG, IFNA7, IFNAS, IFNAR1, IFNAR2, IFNB1, IFNG, IFNGR1, IFNGR2, ITGAL, ITGB2, KIR2DL1, KIR2DL2,
KIR2DL3, KIR2DL4, KIR2DL5A, KIR2DS1, KIR2DS3, KIR2DS4, KIR2DS5, KIR3DL1, KIR3DL2, KLRC1, KLRC2, KLRC3, KLRD1,
KLRK1, KRAS, LAT, LCK, LCP2, MAP2K1, MAP2K2, MAPK1, MAPK3, MICA, MICB, NCR1, NCR2, NCR3, NFAT5, NFATC1, NFATC2,
NFATC3, NFATC4, NRAS, PAK1, PIK3CA, PIK3CB, PIK3CD, PIK3CG, PIK3R1, PIK3R2, PIK3R3, PIK3R5, PLCG1, PLCG2, PPP3CA,
PPP3CB, PPP3CC, PPP3R1, PPP3R2, PRF1, PRKCA, PRKCB, PRKCG, PTK2B, PTPN11, PTPN6, RAC1, RAC2, RAC3, RAET1E,
RAET1G, RAET1L, RAF1, SH2D1A, SH2D1B, SH3BP2, SHC1, SHC2, SHC3, SHC4, SOS1, SOS2, SYK, TNF, TNFRSF10A, TNFRS-
F10B, TNFRSF10C, TNFRSF10D, TNFSF10, TYROBP, ULBP1, ULBP2, ULBP3, VAV1, VAV2, VAV3, ZAP70

34

14

43

137

0
267°

2Genes were selected based on online datasets (http://software.broadinstitute.org/gsea/msigdb/search.jsp) and literatures; ®369 duplicated genes and 8 gene unavailble in NCBI had been removed; Keyword: Natural AND killer AND cell;
Organism: Homo sapiens.
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Table S3. Associations of the first 10 principal
components and OS of NSCLC in the PLCO trial

pPC* Pssrmaef St"érr‘garrd Chi-Square P

PC1 4.821 1353  12.697 <0.001
PC2 -0.681 1228 0308  0.579
PC3 -3.054 0.949 10351  0.001
PC4 -2.837 1246 5184  0.023
PC5 -0.910 1232 0546  0.460
PC6 1.355 1252 1472  0.279
PC7 -0.236 1218 0038  0.846
PC8 1.684 1322  1.622  0.203
PCO 1.886 1267 2216  0.137
PC10  0.347 1240 0078  0.180

Abbreviations: OS, overall survival; NSCLC, non-small cell
lung cancer; PLCO, the Prostate, Lung, Colorectal and Ovar-
ian Cancer Screening Trial; PC, principal component. *The
first 4 PC were used for the adjustment for population stratifi-
cation in the multivariate analysis.
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Figure S1. Manhattan plot. Manhattan plots for 28,219 SNPs and 1,010 SNPs of natural killer cell-related pathway
genes in the PLCO trial (A) and the HLCS study (B), respectively. The blue horizontal line indicates P = 0.05, and the
red line indicates BFDP = 0.80. Abbreviations: PLCO, Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial;

HLCS, the Harvard Lung Cancer Susceptibility Study; BFDP, Bayesian false-discovery probability.
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Figure S2. Regional association plots for the three independent SNPs in the natural killer cell pathway genes. Regional association plots contained 50 kb up or
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hg19/1000 Genomes European population. The left-hand y-axis shows the association P-value of individual SNPs in the discovery dataset, which is plotted as -log10
(P) against chromosomal base-pair position. The right-hand y-axis shows the recombination rate estimated from HapMap Data Rel 22/phase Il European population.
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Table S4. Stratified analysis for associations between the number of unfavorable genotypes and

survival of NSCLC in the PLCO trial

Characteristics

0-1 unfavorable 2-3 unfavorable

Multivariate Analysis® for 0S

Multivariate Analysis® for DSS

genotype genotype
Frequency?
Frequency? Frequency? HR (95% Cl) P e HR (95% Cl) P e

Age (years)

<71 366 268 1.36(1.11-1.67) 0.0033 1.34 (1.08-1.66) 0.0085

>71 310 231 1.34 (1.09-1.64) 0.0060 0.4278 1.43(1.15-1.77) 0.0013  0.1835
Sex

Male 391 304 1.37 (1.14-1.64)  0.0007 1.42 (1.17-1.73) 0.0004

Female 285 185 1.29(1.02-1.64) 0.0371 0.8579  1.27(0.99-1.63) 0.0572 0.6836
Smoking status

Never 66 48 0.74 (0.41-1.34)  0.3259 0.70(0.38-1.27)  0.2339

Current 244 173 1.59 (1.23-2.05) 0.0004 1.69(1.29-2.21)  0.0001

Former 366 278 1.38(1.15-1.67) 0.0007 0.0919 1.41(1.16-1.72)  0.0007  0.1019
Histology

Adeno 328 247 1.57 (1.26-1.95) <0.0001 1.53(1.22-1.91) 0.0002

Squamous 170 114 1.17 (0.86-1.59)  0.3260 1.38(0.99-1.93) 0.0569

Others 178 138 1.22(0.94-1.57) 0.1301 0.1646  1.20(0.92-1.57) 0.1866 0.2658
Tumor stage

I-IA 379 275 1.07 (0.85-1.34)  0.5761 1.17 (0.91-1.51)  0.2152

1B-IvV 297 224 1.49 (1.24-1.80) <0.0001 0.1269 1.43(1.20-1.76) 0.0001  0.9597
Chemotherapy

No 362 276 1.28 (1.04-1.59) 0.0181 1.36 (1.08-1.71)  0.0085

Yes 314 223 1.43(1.17-1.75) 0.0005 0.4078 1.40 (1.14-1.72) 0.0014 0.7379
Radiotherapy

No 434 327 1.28 (1.06-1.55) 0.0112 1.36(1.11-1.67) 0.0032

Yes 242 172 1.45(1.16-1.81) 0.0011 0.3383  1.43(1.13-1.79) 0.0025 0.6561
Surgery

No 368 267 1.41(1.19-1.68) <0.0001 1.41(1.18-1.68) 0.0001

Yes 308 232 1.13(0.86-1.48) 0.3793 0.1423 1.22(0.90-1.65) 0.1962  0.3776

Abbreviations: OS, overall survival; DSS, disease-specific survival; NSCLC, non-small cell lung cancer; PLCO, the Prostate, Lung, Colorectal and Ovarian Cancer Screening
Trial; HR, hazards ratio; Cl, confidence interval. 210 missing date were excluded; "Adjusted for age, sex, stage, histology, smoking status, chemotherapy, radiotherapy,

surgery. PC1, PC2, PC3, and PC4; °P.

P value for interaction analysis between characteristic and protective alleles.
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Figure S3. Correlation of genotypes with the mRNA expression levels of the corresponding genes in different ge-
netic models. The correlation between rs261083 genotypes and DOCK2 mRNA expression levels from the 1000
Genomes Project in the additive (A), dominant (B) and recessive (C) models and in LUSC from the TCGA dataset
in additive (D), dominant (E) and recessive (F) models. The correlation between rs36215 genotypes and EPHB1
mRNA expression levels from the 1000 Genomes Project in additive (G) and recessive (H) models. The correlation
between rs36215 genotypes and EPHB1 mRNA expression levels in LUAD in dominant (I) and LUSC in additive (J),
dominant (K) and recessive (L) models from the TCGA dataset. The correlation between rs2519996 genotypes and
VAV2 mRNA expression levels from the 1000 Genomes Project in the additive (M), dominant (N) and recessive (0)
models. The correlation between rs2519996 genotypes and VAV2 mRNA expression levels in LUAD in additive (P),
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Figure S4. Correlation of genotypes with the mRNA expression levels of the corresponding genes from the GTEx
database. The correlation between rs261083 C genotypes and DOCK2 mRNA expression levels in normal lung tis-
sues (A) and whole blood samples (B); The correlation between rs36215 G genotypes and EPHB1 mRNA expression
levels in normal lung tissues (C) and whole blood samples (D); The correlation between rs2519996 T genotypes
and VAV2 mRNA expression levels in normal lung tissues (E) and whole blood samples (F). Abbreviations: GTEX,
Genotype-Tissue Expression project.
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Figure S5. Kaplan-Meier analysis for patients with NSCLC by expression levels of the three genes. Based on online
survival analysis software (www.kmplot.com/analysis). A. High DOCK2 expression was associated with a better sur-
vival of NSCLC; B. EPHB1 expression were not associated with over survival of NSCLC significantly; C. VAV2 expres-
sion were not associated with over survival of NSCLC significantly.
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Table S5. Function prediction for DOCK2 rs261083, VAV2 rs2519996 and EPHB1 rs36215

Haploreg v4.12
SNP Gene Chr RegDB' Promoter histone  Enhancer DNAse Motifs Selected dbSNP
marks histone marks changed eQTL hits  func annot
rs261083 DOCK2 5 6 - - BLD EWSR1-FLI1, VDR 2 hits Intronic
rs2519996 VAV2 9 5 - BRST, BRN, MUS BRST, BLD - 2 hits Intronic
rs36215 EPHB1 3 5 - BRN - - 2 hits Intronic

Abbreviations: SNP, single nucleotide polymorphism; Chr, chromosome; dbSNP func annot, dbSNP function annotation; DNase, deoxyribonucle-
ase; eQTL, expression quantitative trait loci. ‘RegulomeDB: http://regulomedb.org/. 2Haploreg: https://pubs.broadinstitute.org/mammals/
haploreg/haploreg.php.
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Figure S6. Functional prediction of three independent SNPs in natural killer cell-related pathway genes in the EN-
CODE data. Location and functional prediction of DOCK2 rs261083 (A), EPHB1 rs36215 (B) andVAV2 rs2519996
(C). The H3K4Me3, H3K4Me1l, and H3K27Ac tracks showed the genome-wide levels of enrichment of acetylation of
lysine 27, the mono-methylation of lysine 4, and tri-methylation of lysine 4 of the H3 histone protein. DNase clusters
track showed DNase hypersensitivity areas. Tnx factor track showed regions of transcription factor binding of DNA.
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