
Am J Cancer Res 2020;10(6):1770-1784
www.ajcr.us /ISSN:2156-6976/ajcr0114150

Original Article
Novel genetic variants of KIR3DL2 and PVR  
involved in immunoregulatory interactions are  
associated with non-small cell lung cancer survival

Yufeng Wu1,2,4, Sen Yang1,2,4, Hongliang Liu2,4, Sheng Luo5, Thomas E Stinchcombe2,3, Carolyn Glass2,6, Li Su7, 
Sipeng Shen7, David C Christiani7,8, Qiming Wang1, Qingyi Wei2,3,4

1Department of Internal Medicine, Affiliated Cancer Hospital of Zhengzhou University, Henan Cancer Hospital, 
Zhengzhou, China; 2Duke Cancer Institute, 3Department of Medicine, Duke University Medical Center, Durham, 
NC 27710, USA; Departments of 4Population Health Sciences, 5Biostatistics and Bioinformatics, Duke University 
School of Medicine, Durham, NC 27710, USA; 6Department of Pathology, Duke University School of Medicine, 
Durham, NC 27710, USA; 7Department of Environmental Health and Epidemiology, Harvard School of Public 
Health, Boston, MA 02115, USA; 8Department of Medicine, Massachusetts General Hospital, Boston, MA 02114, 
USA

Received May 11, 2020; Accepted May 19, 2020; Epub June 1, 2020; Published June 15, 2020

Abstract: Immunoregulatory interactions play a pivotal role in immune surveillance, recognition, and killing, particu-
larly its internal pathway, likely playing an important role in immune escape. By using two genotyping datasets, one 
from the Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer screening trial (n = 1,185) as the discovery, and the 
other from Harvard Lung Cancer Susceptibility (HLCS) study (n = 984) as the validation, we evaluated associations 
between 4,713 genetic variants (338 genotyped and 4,375 imputed) in 60 genes involved in immunoregulatory 
interactions and survival of non-small cell lung cancer (NSCLC). We found that 115 SNPs were significantly associ-
ated with NSCLC overall survival in the discovery, of which four remained significant after validation by the HLCS 
dataset after multiple test correction by Bayesian false discovery probability. Final combined analysis identified 
two independent SNPs (KIR3DL2 rs4487030 A>G and PVR rs35385129 C>A) that predicted NSCLC survival with 
a combined hazards ratio of 0.84 (95% confidence interval = 0.76-0.93, P = 0.001) and 0.84 (95% confidence in-
terval = 0.73-0.97, P = 0.021), respectively. Besides, expression quantitative trait loci analyses showed that these 
two survival-associated SNPs of KRI3DL2 and PVR were significantly associated with their mRNA expression levels 
in both normal lung tissues and whole blood cells. Additional analyses suggested an oncogenic role for KRI3DL2 
and a suppressor role for PVR on the survival. Once further validated, genetic variants of KIR3DL2 and PVR may be 
potential prognostic markers for NSCLC survival.
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Introduction

Lung cancer is the most commonly diagnosed 
cancer (11.6% of the total cases) and the lead-
ing cause of cancer deaths (18.4% of the total 
cancer deaths) in the world [1]. Non-small cell 
lung cancer (NSCLC) is the most common his- 
tologic type of lung cancer, accounting for ab- 
out 80-85% of the total cases [2]. In the past 
decades, chemotherapy, radiotherapy, and sur-
gery are the main treatments for NSCLC until 
the emergence of targeted therapies and im- 
munotherapeutic drugs. After many years of 
disappointing results, treatment choice has 
finally changed, and immunotherapy has be- 

come a clinically validated treatment for many 
cancers, including NSCLC [3]. Although the use 
of immunotherapy has a much-improved treat-
ment response, the overall 5-year survival rate 
of NSCLC is still less than 15% [4, 5] and cur-
rent research has focused on identifying addi-
tional factors that improve the effectiveness  
of immunotherapy. Studies have shown that 
genetic variants, single-nucleotide polymorph- 
isms (SNPs) in particular as one of the most 
common genetic variations, have a significant 
impact on outcomes of cancer treatment [6, 7].

The idea of using the host immune system to 
combat cancer dates back to decades ago. 
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Researchers have realized that various compo-
nents of the immune system play pivotal roles 
in protecting humans from cancer. Following 
numerous disappointing efforts and clinical 
failures, cancer immunotherapy is now widely 
considered the “fourth-pillar” of cancer therapy 
in addition to the other three conventional 
treatments [8]. Currently immune checkpoint 
inhibitors alone or in combination with chemo-
therapy are the standard first-line therapy for 
patients with metastatic non-small cell lung 
cancer. One of the representative tumor im- 
munotherapy agents is the autologous cellu- 
lar immunotherapy sipuleucel-T and anti-cyto-
toxic T lymphocyte-associated protein 4 anti-
body, also so-called ipilimumab, which was ap- 
proved for prostate cancer treatment in 2010 
[9], and the other is the anti-programmed cell 
death protein 1 antibody (PD1) for the treat-
ment of melanoma approved in 2014 [10]. 
However, the proportion of cancer patients  
with indications for current immunotherapies 
remains small, and there are also many prob-
lems encountered in the immunotherapies, 
such as the screening of sensitive patients  
and, more importantly, dealing with immune 
drug resistance [11-14]. Although the immune 
system can differentiate protein structures at 
the molecular level, cancer cells manage to es- 
cape the host immune recognition and subse-
quent immune killing [15]. In the process of im- 
munotherapy, the immune recognition of malig-
nant cells exerts some selective pressure on 
the developing tumors, resulting in the growth 
of tumor cells evolving with low immunogeni- 
city but a strong anti-apoptotic ability. In this 
case, immune escape occurs, leading to the 
failure of immunotherapy. Therefore, it is cru-
cial to identify additional survival-related fac-
tors involved in immunoregulatory interactions.

Genetic variation, including SNPs, in some key 
genes in the signaling pathway for immunoreg-
ulatory interactions may be involved in the dis-
order or over-activation of the entire signaling 
pathway, modulating the effect of the immune 
system on tumor growth and progression. How- 
ever, the roles of genetic variants in candidate 
genes involved in the immunoregulatory inter-
action signaling and their biological functions  
in tumor growth or progress remain unknown. 
As a promising hypothesis-driven method in  
the post-GWAS (genome-wide association stu- 
dy) era, the biological pathway-based appro- 
ach has been applied to reanalyze published 

GWAS datasets and to test the cumulative 
effect of SNPs across multiple genes in the 
same biological pathway [16]. Therefore, we 
hypothesized that genetic variants in genes 
involved in the immunoregulatory interaction 
pathway are associated with survival of lung 
cancer patients. We tested this hypothesis by 
using genotyping data from two independently 
published GWAS datasets, focusing on those 
SNPs that may alter their gene functions and 
thus most likely have biological and functional 
consequences.

Materials and methods

Study populations

In the present study, we used the GWAS geno-
typing dataset from the Prostate, Lung, Colo- 
rectal and Ovarian (PLCO) Cancer Screening 
Trial as the discovery dataset. PLCO is a ran-
domized control study conducted by the Na- 
tional Cancer Institute (NCI), involving 77500 
men and 77500 women, aged between 55 and 
74, registered in 10 medical centers in the 
United States from 1993 to 2011. All the par-
ticipants were randomized into either the inter-
vention arm that received a trial screening or 
the control arm that received standard care, 
were followed up for at least 13 years after the 
enrollment [17]. Blood samples and personal 
information including smoking status, histolog-
ic diagnosis, tumor stage, treatment method 
and family history were provided at enrollment 
[18]. A total of 1,185 NSCLC patients were eli-
gible for survival analysis after excluding two 
individuals who had no follow-up information. 
Genomic DNA extracted from the whole blood 
samples of the participants were genotyped 
with Illumina HumanHap240Sv1.0 and Human- 
Hap550v3.0 (dbGaP accession: phs000093.
v2.p2 and phs000336.v1.p1) [19, 20]. The 
1,185 NSCLC patients with both complete fol-
low-up information and genotype data were 
used for survival analysis. Each institutional 
review board of the participating institutions 
had approved the collection and all the parti- 
cipants had provided a written informed con-
sent permitting the PLCO trial and use of the 
collected data. 

Another GWAS dataset of 984 histology-con-
firmed Caucasian NSCLC patients from the 
Harvard Lung Cancer Susceptibility (HLCS) 
Study which began in 1992 was used as the 
validation dataset [21]. In the HLCS study, the 
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whole blood samples and personal information 
were collected after diagnosis, and DNA from 
the blood samples was extracted with Auto 
Pure Large Sample nucleic acid purification 
system (QIAGEN Company, Venlo, Limburg, Ne- 
therlands) and genotyped by using the Illumi- 
na Humanhap610-Quad array. The genotyped 
data were used for imputation with the MACH 
software based on the sequencing data from 
the 1,000 Genomes Project [21].

The use of these two GWAS datasets was ap- 
proved by both the Internal Review Board of 
Duke University School of Medicine (#Pro000- 
54575) and the dbGaP database administra-
tion (#6404). The comparison of the character-
istics between the PLCO trial (n = 1,185) and 
the HLCS study (n = 984) is presented in Table 
S1.

Gene and SNP selection

The genes involved in the immunoregulatory 
interaction signaling pathway were selected 
using the Molecular Signatures Database 
(http://software.broadinstitute.org/gsea/msig-
db/index.jsp) with the keyword “immunoregu- 
latory AND interactions”. After the removal of 
five pseudogenes, four genomic positions un- 
available, and one gene on the X chromosome, 
60 genes remained as candidate genes for fur-
ther analysis (Table S2). Imputation with IMP- 
UTE2 and the 1,000 Genomes Project data 
(phase 3) was performed for additional SNPs 
untyped for these candidate genes with their  
± 500-kb flanking regions. After that, SNPs 
within the genes and their ± 2 kb flanking re- 
gions were extracted with the following crite- 
ria: an imputation information score ≥0.8 (Fig- 
ure S1), a genotyping rate ≥95%, a minor allelic 
frequency (MAF) ≥5%, and Hardy-Weinberg 
equilibrium (HWE) ≥1×10-5. As a result, a total  
of 4,713 (338 genotyped and 4,375 imputed) 
SNPs were included in the PLCO dataset.

Statistical analyses

The endpoints for the analyses included over- 
all survival (OS) and disease-specific survival 
(DSS). In the single-locus analysis, we first used 
multivariate Cox proportional hazards regres-
sion analysis to assess the association betw- 
een each of the SNPs and NSCLC survival in  
an additive model using the PLCO dataset, with 
adjustment for clinical variables such as age, 
sex, smoking status, histology, tumor stage, 

chemotherapy, radiotherapy, surgery and the 
first four principal components (Table S3) by 
using the GenABEL package of R software [22]. 
We then used Bayesian false discovery proba-
bility (BFDP) with a cut-off value of 0.80 for mul-
tiple testing correction to lower the probability 
of potentially false-positive results as recom-
mended [23, 24], because most of the SNPs 
under investigation are in high LD as a result of 
imputation. We assigned a prior probability of 
0.10 and detected an upper boundary hazard 
ratio (HR) of 3.0 for an association with variant 
genotypes or minor alleles of the SNPs with 
P<0.05. After that, we validated those chosen 
SNPs by using the HLCS dataset. Next, we per-
formed an inverse variance weighted meta-
analysis to combine the results of both discov-
ery and validation datasets. In the meta-analy-
sis, Cochran’s Q-test and the heterogeneity 
statistic (I2) were performed to assess the inter-
study heterogeneity. If no heterogeneity was 
observed between the two datasets (Phet>0.10 
and I2<50%), a fixed-effects model was imple-
mented; otherwise, a random-effects model 
was applied. Furthermore, a multivariate step-
wise Cox model, including the first four princi- 
pal components of the PLCO dataset, available 
demographic and clinical variables was perfor- 
med to identify novel and independent SNPs. 
Finally, the model was further adjusted for 15 
previously published SNPs for the survival of 
NSCLC from the same PLCO GWAS dataset. 

We then used the combined genotypes or 
alleles to evaluate the cumulative effects of  
the identified SNPs and the Kaplan-Meier (KM) 
survival curves to show the survival probabi- 
lity associated with the combined genotypes  
or alleles. We also assessed possible interac-
tions with an χ2-based Q-test between sub-
groups in the stratified analysis. We then per-
formed the receiver operating characteristic 
(ROC) curve and time-dependent area under 
the curve (AUC) with the timeROC package of  
R software (version 3.5.0) to illustrate the pre-
diction accuracy of the model integrating the 
effects of both clinical and genetic variables  
on NSCLC survival [25]. To evaluate the corre- 
lations between SNPs and the corresponding 
mRNA expression levels, we performed the ex- 
pression quantitative trait loci (eQTL) analyses 
with a linear regression model performed with 
the R software. The mRNA expression data of 
genes were obtained from two sources: 373 
European individuals included in the 1,000 
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Genomes Project as well as the data from 
whole blood cell samples from 589 subjects 
and normal lung tissue samples from 454 sub-
jects included in the genotype-tissue expres-
sion (GTEx) project [26, 27]. The bioinformatics 
functional prediction for the tagging SNPs was 
then performed with SNPinfo [28] (https://
snpinfo.niehs.nih.gov), RegulomeDB [29] (http: 
//www.regulomedb.org) and HaploReg [30] 
(http://archive.broadinstitute.org/mammals/ha- 
ploreg/haploreg.php). 

Lastly, the differences in mRNA expression lev-
els were examined in 111 pairs of lung can- 
cer tissues and adjacent normal tissues from 
the Cancer Genome Atlas (TCGA) database by 
using a paired t-test. We also assessed the dif-
ferences in mRNA expression levels in a larger, 
but not paired, dataset from TCGA (http://ual-
can.path.uab.edu), and the KM survival analy-
sis was performed to assess the association 
between the mRNA expression levels and sur-
vival probability (http://kmplot.com/analysis/
index.php?p=service&cancer=lung). All statisti-
cal analyses were performed with a statistical 
significance level of P<0.05 and using the SAS 
software (version 9.4; SAS Institute, Cary, NC, 
USA) unless otherwise indicated.

Data availability

The datasets are available from the National 
Center for Biotechnology Information Data- 
base of Genotypes and Phenotypes (dbGaP 
Study Accession: phs000093.v2.p2 and phs- 
000336.v1.p1). Genome-wide imputation was 
performed based on the 1000 Genomes Pro- 
ject, phase III CEU, utilizing the IMPUTE2 soft-
ware (October 2014 release).

Results

Associations between SNPs in the immunoreg-
ulatory interaction pathway genes and NSCLC 
survival

The overall flowchart in Figure 1 describes the 
design in the present study with genotyping 
data from two previously published GWAS da- 
tasets. The discovery genotyping dataset from 
the PLCO trial included 1,185 NSCLC patients, 
and the validation genotyping dataset from the 
HLCS GWAS study enrolled 984 NSCLC pati- 
ents [31]. In the discovery PLCO dataset, 338 

genotyped and 4,375 imputed SNPs in the 60 
immunoregulatory interactions pathway genes 
with NSCLC after single-locus analysis (all im- 
putation information score ≥0.8, Figure S1). As 
a result, we identified 115 SNPs to be signifi-
cantly associated with NSCLC OS (P<0.05), 
with multiple testing correction by BFDP ≤0.80. 
After further validation by the HLCS genotyping 
dataset, four SNPs in three genes remained 
significant. In combined analysis of the PLCO 
and HLCS genotyping datasets, three of these 
four newly identified SNPs were associated 
with a better survival, including rs4487030 
A>G of KIR3DL2 (HR = 0.84, P<0.001) and 
rs35385129 C>A (HR = 0.83, P<0.001) and 
rs28411142 C>T (HR = 0.84, P<0.001) of PVR, 
but rs3788142 G>A of ITGB2 was associated 
with a poor survival (HR = 1.16, P<0.001) 
(Table 1). 

Independent SNPs associated with NSCLC sur-
vival in the PLCO dataset

Subsequently, these four SNPs were tested for 
their independence in the multivariate stepwi- 
se Cox regression model using the PLCO data-
set (because the HLCS dataset did not have 
individual genotyping data). Two SNPs (KIR3- 
DL2 rs4487030 A>G) and (PVR rs35385129 
C>A) remained significantly associated with a 
better survival (Table 2), after adjustment for 
other 15 previously reported survival-associat-
ed SNPs in the same PLCO GWAS dataset. As 
showed in Figure S2, the two SNPs from both 
PLCO and HLCS datasets are summarized in a 
Manhattan plot, respectively, and the regional 
association plot for each of these two SNPs is 
also shown in Figure S3.

In the PLCO dataset with complete adjustment 
for available covariates, patients with the pro-
tective KIR3DL2 rs4487030 G allele (i.e., AG+ 
GG) or the PVR rs35385129 A allele (i.e., CA+ 
AA) had a better OS and DSS (Ptrend<0.001 and 
Ptrend = 0.003 for KIR3DL2 rs4487030 G, res- 
pectively and Ptrend = 0.010 and Ptrend = 0.039 
for PVR rs35385129 A, respectively) (Table 3). 
In comparison with the AA genotype, the KIR- 
3DL2 rs4487030 GG genotype was associat- 
ed with a decreased risk of death (HR = 0.73, 
95% CI = 0.54-0.82 and P<0.001 for OS and 
HR = 0.70, 95% CI = 0.56-0.87 and P = 0.001 
for DSS), but the KIR3DL2 rs4487030 AG gen-
otype was associated with a non-significant 
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better survival (HR = 0.94, 95% CI = 0.80-1.11 
and P = 0.033 for OS and HR = 0.84, 95% CI = 
0.72-0.99 and P = 0.033 for DSS). Meanwhile, 
in comparison with the CC genotype, the PVR 
rs35385129 CA genotype was associated with 
a better significant better survival (HR = 0.84, 
95% CI = 0.72-0.99 and P = 0.034 for OS and 
HR = 0.86, 95% CI = 0.73-1.02 and P = 0.079 
for DSS), but the PVR rs35385129 AA geno-
type was associated with a non-significant sur-
vival (HR = 0.63, 95% CI = 0.35-1.12 and P = 
0.112 for OS and HR = 0.70, 95% CI = 0.39-
1.24 and P = 0.224 for DSS), likely due to a 
small observations for the AA genotype (Table 
3).

Combined effects of the two independent 
SNPs in the PLCO dataset

Consequently, we also utilized the PLCO data- 
set to assess the combined effect of the two 

independent SNPs on NSCLC OS and DSS. Fir- 
st, we combined the significant protective gen-
otypes (i.e., KIR3DL2 rs4487030 AG+GG and 
PVR rs35385129 CA+AA) into a genetic score 
as the number of protective genotypes (NPGs). 
As shown in Table 3, the increased genetic 
score was associated with a better survival in 
the multivariate analysis of the PLCO dataset 
(Ptrend = 0.001 for OS and Ptrend = 0.003 for  
DSS). When we dichotomized all the patients 
into genetic scores of 0-1 and 2 NPGs, the 
score 2 group had a significantly better survi- 
val (HR = 0.72, 95% CI = 0.60-0.86 and 
P<0.001 for OS and HR = 0.74, 95% CI = 0.61-
0.90 and P = 0.003 for DSS), in comparison 
with the score 0-1 group. We further plotted 
Kaplan-Meier survival curves to depict these 
associations of protective genotypes with NS- 
CLC OS (Figure 2A and 2B) and DSS (Figure  
2C and 2D).

Figure 1. The flowchart of the present study. Abbreviations: SNP, single nucleotide polymorphism; PLCO, Prostate, 
Lung, Colorectal and Ovarian cancer screening trial; NSCLC, non-small cell lung cancer; HLCS, Harvard lung cancer 
susceptibility study; KIR3DL2: killer cell immunoglobulin like receptor, three Ig domains and long cytoplasmic tail 2; 
PVR: PVR cell adhesion molecule.
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Table 1. Associations between four validated significant SNPs and overall survival in both discovery 
and validation genotyping datasets from two previously published NSCLC GWASs

SNP Allelea Gene
PLCO (n = 1185) Harvard (n = 984) Combined-analysis

EAF HR (95% CI)b Pb EAF HR (95% CI)c Pc Phet
d I2 HR (95% CI)e Pe

rs4487030 A>G KIR3DL2 0.44 0.83 (0.75-0.92) <0.001 0.41 0.85 (0.74-0.97) 0.018 0.828 0 0.84 (0.77-0.91) <0.001

rs3788142 G>A ITGB2 0.24 1.17 (1.04-1.32) 0.008 0.24 1.15 (1.01-1.32) 0.030 0.886 0 1.16 (1.07-1.27) <0.001

rs35385129 C>A PVR 0.16 0.83 (0.72-0.96) 0.010 0.15 0.82 (0.70-0.97) 0.018 0.956 0 0.83 (0.74-0.92) <0.001

rs28411142 C>T PVR 0.16 0.83 (0.72-0.96) 0.012 0.15 0.85 (0.72-0.99) 0.037 0.862 0 0.84 (0.75-0.93) 0.001
aMajor allele > minor allele; bAdjusted for age, sex, stage, histology, smoking status, chemotherapy, radiotherapy, surgery, PC1, PC2, PC3 and PC4; cAdjusted for age, sex, 
stage, histology, smoking status, chemotherapy, radiotherapy, surgery, PC1, PC2 and PC3; dPhet: P value for heterogeneity by Cochrane’s Q test; eMeta-analysis in the fix-
effects model; Abbreviations: EAF: effect allele frequency; HR: hazards ratio; CI: confidence interval; PLCO: Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial; 
HLCS: Harvard Lung Cancer Susceptibility Study.

Table 2. Three indenpenden SNPs associated with OS in multivariate Cox proportional hazards 
regression analysis with adjustment for other covariates and previously published SNPs in the PLCO 
GWAS dataset
Variablesa Category Frequency HR (95% CI)a Pa HR (95% CI)b Pb

Age Continuous 1185 1.03 (1.02-1.05) <0.001 1.04 (1.02-1.05) <0.001
Sex Male 698 1.00 1.00

Female 487 0.77 (0.67-0.90) 0.001 0.78 (0.66-0.91) 0.002
Smoking status Never 115 1.00 1.00

Current 423 1.64 (1.22-2.19) 0.001 1.86 (1.37-2.50) <0.001
Former 647 1.62 (1.23-2.14) 0.001 1.83 (1.38-2.43) <0.001

Histology AD 577 1.00 1.00
SC 285 1.16 (0.97-1.40) 0.112 1.21 (1.00-1.47) 0.048

others 323 1.31 (1.10-1.55) 0.002 1.35 (1.13-1.61) 0.001
Tumor stage I-IIIA 655 1.00 1.00

IIIB-IV 528 2.89 (2.37-3.51) <0.001 3.05 (2.50-3.72) <0.001
Chemotherapy No 639 1.00 1.00

Yes 538 0.56 (0.47-0.67) <0.001 0.57 (0.47-0.68) <0.001
Radiotherapy No 762 1.00 1.00

Yes 415 0.98 (0.83-1.15) 0.786 0.96 (0.81-1.14) 0.628
Surgery No 637 1.00 1.00

Yes 540 0.21 (0.16-0.27) <0.001 0.20 (0.15-0.26) <0.001
KIR3DL2 rs4487030 A>G AA/GA/GG 381/560/244 0.84 (0.76-0.92) <0.001 0.84 (0.76-0.94) 0.001
PVR rs35385129 C>A CC/CA/AA 826/334/25 0.82 (0.72-0.95) 0.008 0.84 (0.73-0.97) 0.021
aStepwise analysis included age, sex, smoking status, tumor stage, tumor histology, chemotherapy, radiotherapy, surgery, PC1, 
PC2, PC3, PC4, and two newly validated SNPs in an additive model; P values for significant SNPs were in bold. bFifteen previ-
ously published SNPs were used for the post-stepwise adjustment. Five SNPs were reported in previous publication (PMID: 
27557513); One SNP was reported in the previous publication (PMID: 29978465); Two SNPs were reported in the previous 
publication (PMID: 30259978); Two SNPs were reported in the previous publication (PMID: 26757251); Three SNPs were re-
ported in the previous publication (PMID: 30650190); Two SNPs were reported in the previous publication (PMID: 30989732); 
Abbreviations: OS: overall survival; PLCO: Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial; GWAS: genome-wide 
association study; HR: hazards ratio; CI: confidence interval; AD: Adenocarcinoma; SC: Squamous cell carcinoma.

Stratified analysis for associations between 
NPGs and NSCLC survival

To evaluate whether the combined effects of 
protective alleles were modified by other clini-
cal variables, we performed stratified analysis 
by age, sex, smoking status, histology, tumor 

stage, chemotherapy, radiotherapy and surgery 
in the PLCO dataset. As showed in Table S4,  
we found that the smoke status and chemo-
therapy had a significant effect on DSS. Pati- 
ents with two protective genotypes had a bet- 
ter DSS (HR = 0.62, 95% CI = 0.48-0.80 and 
P<0.001) than those with 0-1 protective geno-
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types in former-smoke patients (Pinter = 0.045). 
Meanwhile, patients who received chemothe- 
rapy had a better OS (HR = 0.61, 95% CI = 
0.46-0.81 and P<0.001) and DSS (HR = 0.63, 
95% CI = 0.46-0.86 and P<0.003) than those 
who did not receive chemotherapy (Pinter = 
0.047 and 0.039, respectively).

The ROC curves and time-dependent AUC

We further assessed predictive value of the  
two SNPs with the time-dependent AUC and 
ROC curves for the five-year survival in the 
PLCO dataset. Compared with the model of 
covariates including age, sex, smoking status, 
histology, tumor stage, chemotherapy, radio-
therapy, surgery and the first four principal 
components, the time-dependent AUC plot  
with an additional two independent SNPs did 
not improve prediction performance of the 
model for five-year OS and DSS (Figure S4A- 
D). On the other hand, when we calculated the 
time-dependent AUC and ROC curves for the 

5-year (at the 60th month) survival and the 
combine two independent SNPs together with 
the previously published 15 SNPs, the predic-
tion performance of the model for OS and DSS 
has been significantly improved. The AUCs ch- 
anged from 88.35% to 89.71% (P = 0.010) for 
OS and from 88.18% to 89.64% (P = 0.014)  
for DSS (Figure S4F and S4H).

The eQTL analysis

To assess the correlations between two inde-
pendent SNPs and their corresponding mRNA 
expression levels, we firstly performed the 
eQTL analysis by using the data of 589 whole 
blood samples and 454 normal lung tissues 
from the GTEx project. We found that the rs- 
4487030 G allele was significantly associated 
with a decreased mRNA expression level of 
KIR3DL2 in normal lung tissues (P = 4.3×10-7) 
(Figure 3A) and whole blood samples (P = 
4.6×10-12) (Figure 3B), while the rs35385129  
A allele also associated with an increased 

Table 3. Associations between genotypes of two independent SNPs and survival of NSCLC in the 
PLCO Trial

Genotype Frequency
OSa DSSa 

Death (%) HR (95% CI) P* Death (%) HR (95% CI) P*

KIR3DL2 rs4487030 A>Gb

    AA 376 264 (70.21) 1.00 234 (62.23) 1.00
    AG 557 377 (67.68) 0.94 (0.80-1.11) 0.486 342 (61.40) 0.98 (0.82-1.16) 0.789
    GG 242 148 (61.16) 0.73 (0.54-0.82) <0.001* 133 (54.96) 0.70 (0.56-0.87) 0.001*

    Trend <0.001* 0.003*

    AG+GG 799 525 (65.71) 0.85 (0.73-0.99) 0.034* 475 (59.45) 0.88 (0.75-1.04) 0.125
PVR rs35385129 C>Ab

    CC 820 559 (68.17) 1.00 500 (60.98) 1.00
    CA 330 218 (66.06) 0.84 (0.72-0.99) 0.034* 197 (59.70) 0.86 (0.73-1.02) 0.079
    AA 25 12 (48.00) 0.63 (0.35-1.12) 0.112 12 (48.00) 0.70 (0.39-1.24) 0.224
    Trend 0.010* 0.039*

    CA+AA 355 230 (64.79) 0.83 (0.71-0.97) 0.016* 209 (58.87) 0.85 (0.72-1.00) 0.049*

NPG1b,c

    0 254 178 (70.08) 1.00 155 (61.02) 1.00
    1 688 467 (67.88) 0.95 (0.79-1.13) 0.542 424 (61.63) 0.99 (0.82-1.19) 0.884
    2 233 144 (61.80) 0.69 (0.55-0.86) 0.001* 130 (55.79) 0.73 (0.58-0.93) 0.012*

    Trend 0.001* 0.013*

    0-1 942 645 (68.47) 1.00 579 (61.46)
    2 233 144 (61.80) 0.72 (0.60-0.86) <0.001* 130 (55.79) 0.74 (0.61-0.90) 0.003*

aAdjusted for age, sex, smoking status, histology, tumor stage, chemotherapy, surgery and principal component. b10 missing 
date were excluded; cprotective genotypes were KIR3DL2 rs4487030 AG+GG and PVR rs35385129 CA+AA; *P values for sig-
nificant genotypes were in bold. Abbreviations: SNP: single nucleotide polymorphism; NSCLC: non-small cell lung cancer; PLCO: 
Prostate, Lung, Colorectal and Ovarian cancer screening trial; OS: overall survival; DSS: disease-specific survival; HR: hazards 
ratio; CI: confidence interval; NPG: number of protective genotypes.
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mRNA expression level of PVR both in normal 
lung tissues (P = 7.4×10-6) (Figure 3D) and 
whole blood samples (P = 7.6×10-5) (Figure 3E). 

Additional eQTL analysis was performed for  
the PVR rs35385129 A allele using the RNA-
Seq data of lymphoblastoid cell lines from  
373 European descendants available from the 
1000 Genomes Project (but no data for the 
rs4487030 G allele). However, there was no 
significant correlation between the PVR rs353- 
85129 A allele and mRNA expression levels of 
PVR in all three genetic models (Figure S7A). 

Finally, we performed functional prediction for 
rs4487030 and rs35385129 as well as other 
SNPs in high LD, utilizing three different on- 
line bioinformatics tools, SNPinfo, Regulome- 
DB, and HaploReg, to predict their biological 
functions. In summary, rs35385129 may cau- 
se missense mutations, with some substantial 
functions based on RegulomeDB and Haplo- 

Reg, particularly in the transcription factor 
binding or DNase peak. Moreover, rs35385- 
129 is in high LD with other SNPs that may 
have an effect on other genes and proteins 
(Table S5). On the other hand, rs4487030 may 
have an impact on proteins CDP and p300 
based on HaploReg without predicted func-
tions based on RegulomeDB. The detailed 
results are summarized in Figure S6 and Table 
S5.

Differential mRNA expression analysis and 
survival of NSCLC

Subsequently, we assessed mRNA expression 
levels of the two genes identified by the SNPs  
in 111 pairs of tumor and adjacent normal tis-
sue samples obtained from NSCLC patients in 
the TCGA database and non-paired tumor and 
normal tissue samples from the UALCAN da- 
tabase (http://ualcan.path.uab.edu/). For non-
paired tumor tissues, as shown in Figure S5, 

Figure 2. Prediction of survival with combined protective genotypes. (A) Kaplan-Meier survival curves for the overall 
survival of the combined protective genotypes (KIR3DL2 rs4487030 AG+GG and PVR rs35385129 CA+AA) and 
(B) dichotomized groups of the NUG in the PLCO dataset; (C) Kaplan-Meier survival curves for the disease-specific 
survival of the combined protective genotypes and (D) dichotomized groups of the NUG in the PLCO dataset. Abbre-
viations: NPG, number of protective genotypes; PLCO, The Prostate, Lung, Colorectal and Ovarian Cancer Screening 
Trial.
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mRNA expression levels of KIR3DL2 in lung 
adenocarcinoma (LUAD) and lung squamous 
cell carcinoma (LUSC) were significantly lower 
than that in adjacent normal tissues (P< 
0.0001 for both), while the mRNA expression 
levels of PVR were also significantly lower in 
tumor tissues in LUSC, but not in LUAD, than 
adjacent normal tissues (P = 0.005 and P = 
0.478, respectively) (Figure S7C). For the pair- 
ed tumor samples, as shown in Figure S7B, 
compared with adjacent normal tissues, the 
mRNA expression levels of PVR were signifi-
cantly lower in LUSC (P = 0.0001) and LUAD+ 
LUSC (P = 0.0005) than adjacent normal tis-
sues, but not in LUAD alone. Subsequently, we 
analyzed the correlation between the expres-

sion levels of KIR3DL2 and PVR and the sur-
vival curve of lung cancer by online KM plot- 
ter (http://km-plot.com/analysis). As showed in 
Figure 3C, a higher expression level of KIR3DL2 
was associated with a worse NSCLC survival, 
but the results of PVR were inconsistent in dif-
ferent datasets of the online KM survival curve 
plotter (Figure S8). In GSE30219 and GSE19- 
188 datasets, PVR was associated with a bet-
ter survival but with a poor survival in GSE31- 
210 and All-combined databases (Figure 3F).

Discussion

In the present study, we used the existing  
genotyping data of two previously published 

Figure 3. Correlations between genotypes of the significant SNPs and their corresponding mRNA expression levels. 
The KIR3DL2 rs4487030 A allele was associated with higher mRNA expression levels of KIR3DL2 (A) in normal 
lung tissue and (B) whole blood from the GTEx project; higher expression levels of KIR3DL2 (C) were associated 
with a worse survival in patients with lung cancer; The PVR rs35385129 A allele was associated with higher mRNA 
expression levels of PVR (D) in normal lung tissue and (E) whole blood from the GTEx project; higher expression 
levels of PVR (F) were associated with a better survival in patients with lung cancer (GSE30219 dataset). Abbrevia-
tions: KIR3DL2: killer cell immunoglobulin like receptor, three Ig domains and long cytoplasmic tail 2; PVR: PVR cell 
adhesion molecule.
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GWASs to analyze the association between 
genetic variation of immunoregulatory interac-
tion genes and survival of NSCLC. We found 
and verified two potentially functional and in- 
dependent SNPs (i.e., KIR3DL2 rs4487030 
A>G and PVR rs35385129 C>A) that were  
significantly associated with survival of NSCLC 
in populations of European descendants. Our 
eQTL analysis found that the rs4487030 G  
and rs35385129 A alleles were significantly 
correlated with mRNA expression levels of 
KIR3DL2 and PVR in normal lung tissues and 
whole blood cells from 369 subjects in the 
GTEx program, respectively (Figure 3). These 
results were also consistent with the gene ex- 
pression analysis of paired tumor and adja- 
cent normal tissue samples and survival ana- 
lysis in the TCGA database.

KIR3DL2 is a member of a killer Ig-like recep-
tors (KIRs), also known as CD158k, and is ex- 
pressed as a disulfide bond-linked homodimer. 
Each chain consists of three immunoglobulin-
like domains and a long cytoplasmic tail con-
taining two tyrosine inhibitory motifs of immu- 
ne receptors. At the genomic level, KIRs are 
located in the leukocyte receptor cluster of 
chromosomes 19q13.4, while the Ly49 gene  
of rodents is located in the NK complex of ch- 
romosome 6. Human haplotypes encode the 
KIR content, and their polymorphic alleles are 
very different, as many as 14 genes and three 
frame genes, namely KIR2DL4, KIR3DL2 and 
KIR3DL3 [32]. KIR3DL2 is expressed not only 
in NK cells but also in rare circulating T lym- 
phocytes, mainly CD8+ [33]. An enriched KIR- 
3DL2 expression in the memory CD45RO+ 
CD28-CCR7-CD62L-T cells has also been re- 
ported. For example, KIR3DL2 is capable, up- 
on the ligation at the surface of NK cells, of 
inhibiting IFNγ production and cytotoxic func-
tion [34], which disrupts the tumor-killing ca- 
pacity of the immune system.

In the present study, we found that the rs44- 
87030 G allele was significantly associated 
with lower mRNA expression levels of KIR3- 
DL2 in normal lung tissues and whole blood 
cells (Figure 3); this finding is consistent with 
the results from other studies [34], suggesting 
that the rs4487030 G allele may prolong sur-
vival of NSCLC patients through decreasing 
KIR3DL2 mRNA expression levels. Moreover, 
mRNA of KIR3DL2 expression levels were low- 

er in the non-paired tumor tissues in both LU- 
SC and LUAD than in normal tissues. The ob- 
servation of low expression levels of KIR3DL2 
associated with a poor survival in NSCLC pati- 
ents suggested an oncogenic role of the gene. 
There are two explanations for this observa- 
tion; one is that the inflammatory reaction and 
immune killing activity in tumor tissues are 
more significant than in adjacent normal tis-
sues, so a lower KIR3DL2 expression level is 
the consequence rather than the cause. On  
the other hand, normal tissues have a com-
plete immune escape. It is evident that im- 
mune evasion in tumor tissues has occurred, 
likely as a result of low KIR3DL2 expression in 
tumor microenvironment. According to the 
ENCODE database, rs4487030 is located in a 
DNase I hypersensitive site with observable 
levels of histone modifications in H3K4Me1 
acetylation, suggesting that the rs4487030 
SNP may lead to altered transcriptional activi-
ties of KIR3DL2. Therefore, once our findings 
are validated by other investigators, the exact 
molecular mechanisms underlying the obser- 
ved KIR3DL2 rs4487030 G allele-associated 
survival warrant additional experimental and 
mechanistic studies. 

PVR was initially identified as a poliovirus re- 
ceptor, with conserved amino acids and do- 
main structure characteristically similar to the 
immunoglobulin superfamily [35]. PVR is the 
fifth member in the nectin-like molecule fa- 
mily, also referred to as CD155 or necl-5. Ne- 
ctin-like molecule family, which has a domain 
structure similar to the nectins, plays a crucial 
role in cell adhesion and polarization, and PVR 
may have a similar function. However, many 
studies have investigated the biological role  
of PVR, but the results were inconsistent. For 
example, it has been reported that overexpre- 
ssion of PVR can promote tumor cell metasta-
sis [36, 37], stimulate cell proliferation, or en- 
hance cell proliferation induced by growth fac-
tor [38]. In fact, overexpression of PVR can  
also reduce contact inhibition by decreasing 
the expression of nectin-3 [39]. In animal ex- 
periments, PVR-/- mice displayed reduced tu- 
mor growth and metastasis via DNAM-1 up- 
regulation and enhanced effector function of 
CD8+ T and NK cells, respectively, while PVR-
deleted tumor cells also displayed slower tu- 
mor growth and reduced metastases, demon-
strating the importance of a tumor-intrinsic  
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role of PVR [40]. On the other hand, PVR  
seems to play a dual function in onco-immu- 
nity and is considered to have the characteris-
tics of a tumor suppressor gene. For example, 
PVR is the ligand for CD226, and interaction of 
CD226 with PVR triggers NK or T cell-mediat- 
ed cytotoxicity, accompanied by an increase in 
cytokine production [41, 42]. Further in vitro 
studies showed that tumor cells with a higher 
PVR expression were more susceptible to the 
CD226-induced killing [43, 44]. Accordingly, 
the balance between PVR/CD226 and PVR/
TIGIT or PVR/CD96 maintains normal NK and T 
cell function. However, this balance may be 
destroyed in the tumor microenvironment, af- 
fecting the progression of the tumor. Accord- 
ing to the ENCODE database, rs35385129 is 
located in both H3K4Me1 and H3K27Ac, sug-
gesting that rs35385129 may lead to an alter- 
ed transcription, too.

In the present study, we found that the rs35- 
385129 A allele was associated with higher 
mRNA expression levels of PVR in normal lung 
tissues and whole blood cells (Figure 3). This  
is consistent with the results of rs35385129  
A allele-associated survival in both PLCO and 
HLCS datasets. Published studies reported 
that PVR expression is not detectable in most 
normal tissues but can be up-regulated in a 
series of human malignant tumors, including 
colon cancer, lung adenocarcinoma, melano-
ma, pancreatic cancer and glioblastoma [45]. 
This is inconsistent with the mRNA expression 
results in the TCGA database, including paired 
and non-paired samples. It is likely that these 
reported studies may have included different 
study populations or tumor tissues from those 
of the TCGA database. Apparently, the function 
of PVR is still controversial, and the reported 
effects of PVR on the survival of NSCLC are  
different as well. However, the findings of the 
present study provide additional support for a 
tumor suppressor role of PVR.

Although the associations between SNPs in  
the immunoregulatory interaction pathway ge- 
nes had been comprehensively analyzed in  
the present study, it should also be mentioned 
that the present study has some limitations. 
Firstly, both the discovery and validation da- 
tasets were from Caucasian populations; thus, 
our findings may not be generalizable to other 
ethnic communities. Secondly, we did not have 

any information on the detailed treatment, par-
ticularly for immunotherapies. Additionally, we 
only analyzed the associations of genetic vari-
ants in the identified genes with the survival, 
and the complicated molecular mechanisms 
that underly these observed associations sh- 
ould be further explored. Finally, the role of  
viral infection in tumor tissues and their impli-
cations on the survival was not evaluated be- 
cause the related data were not made avail- 
able.

In conclusion, two independent SNPs, KIR3- 
DL2 rs4487030 A>G and PVR rs35385129 
C>A, were found to be significantly associated 
with NSCLC survival in both the PLCO trial and 
the HLCS study. The combined analysis reveal- 
ed that the protective genotypes of the SNPs 
were associated with a better OS and DSS in  
a genotype-dose response manner. Such pro-
tective effect on survival is likely through the 
SNP-associated expression regulation of KIR3- 
DL2 and PVR. Additional studies are needed to 
substantiate our findings.
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Table S1. Comparison of the characteristics between the PLCO trial and the HLCS study

Characteristics
PLCO HLCS

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-IIIA 655 315 (48.1) 606 352 (58.0) 0.003
        IIIB-IV 528 482 (91.3) 377 313 (83.0)
        Missing 2  --   
*Chi-square test for the comparison of the characteristics between the PLCO trial and Harvard study for each clinical variable. 
Abbreviations: PLCO: Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial; HLCS: Harvard Lung Cancer Susceptibility.

Table S2. List of 60 selected genes in the immunoregulatory interaction related gene-set used in the 
discovery analysis
Dataset Name of pathway Selected genesa Number of genes
REACTOME REACTOME_IMMUNOREGULATORY_ 

INTERACTIONS_BETWEEN_A_ 
LYMPHOID_AND_A_NON_ 
LYMPHOID_CELL

AMICA1, B2M, C3, CD160, CD19, CD200R1, CD226, CD247, CD34, 
CD3D, CD3E, CD3G, CD40, CD40LG, CD81, CD8A, CD8B, CD96, CDH1, 
CRTAM, CXADR, FCGR2B, FCGR3A, HCST, HLA-A, HLA-B, HLA-C, HLA-F, 
HLA-G, HLA-K, ICAM1, ICAM2, ICAM3, ICAM4, IFITM1, ITGAL, ITGB1, 
ITGB2, ITGB7, KIR2DL1, KIR2DL2, KIR2DL3, KIR2DL4, KIR2DS1, 
KIR2DS2, KIR3DL1, KIR3DL2, KLRC1, KLRD1, KLRK1, LILRA1, 
LILRB1, LILRB2, LILRB3, LILRB4, LILRB5, LOC651536, LOC652578, 
LOC652626, LOC653879, LOC731066, PVR, PVRL2, RAET1E, SELL, 
TYROBP, ULBP1, ULBP2, ULBP3, VCAM1

70

Total After removing 5 pseudogenes, 4 genomic position unavailable, and 1 gene on the x chromosome 60b

aGenes were selected based on online datasets and literatures, including GO, KEGG, REACTOME; bDuplicated genes, pseudogene and genes in X chromosome had been 
removed; Keyword: immunoregulatory AND interactions Organism: Homo sapiens.
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Figure S1. The distribution of the imputation information score of the present study.

Table S3. Associations of the first 10 principal components and 
overall survival of NSCLC in the PLCO trial
PC* Parameter Estimate Standard Error Chi-Square P
PC1 4.821 1.353 12.697 <0.001
PC2 -0.681 1.228 0.308 0.579
PC3 -3.054 0.949 10.351 0.001
PC4 -2.837 1.246 5.184 0.023
PC5 -0.910 1.232 0.546 0.460
PC6 1.355 1.252 1.172 0.279
PC7 -0.236 1.218 0.038 0.846
PC8 -1.684 1.322 1.622 0.203
PC9 -1.886 1.267 2.216 0.137
PC10 0.347 1.240 0.078 0.180
*The first 4 were used for the adjustment for population stratification in the multi-
variate analysis. Abbreviations: NSCLC: non-small cell lung cancer; PLCO: the Pros-
tate, Lung, Colorectal and Ovarian Cancer Screening Trial; PC: principal component.
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Figure S2. Manhattan plot of association between genotype data and overall survival of patients with NSCLC from the discovery and validation datasets in the PLCO 
trial and HLCS study, respectively. A. The statistical values across the autosomes of associations between 4,713 SNPs and overall survival in PLCO are plotted as 
-log10 P values. B. The statistical values across the autosomes of associations between 115 SNPs and overall survival in HLCS are plotted as -log10 P values. The 
blue horizontal line indicates P = 0.05 and the red line indicates BFDP = 0.80. Abbreviations: NSCLC, non-small cell lung cancer; SNPs, single nucleotide polymor-
phism; PLCO, Prostate, Lung, Colorectal and Ovarian Cancer Screening trial; OS, overall survival; BFDP, Bayesian false discovery probability.
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Figure S3. Regional association plots for the two independent SNPs in the immunoregulatory interaction pathway genes in the 1000 Genome Projects. Single 
nucleotide polymorphisms (SNPs) in the region of 50 kilobases up or downstream of (A) KIR3DL rs4487030 A>G and (B) PVR rs35385129 C>A. Data points are 
colored according to the level of linkage disequilibrium of each pair of SNPs based on the 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 II European population.
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Table S4. Stratified analysis for associations between the protective genotypes and survival of NSCLC 
in the PLCO triala

Characteristics 

0-1 protective 
genotype

 2 protective 
genotypes Multivariate Analysisb for OS  Multivariate Analysisb for DSS

Frequency Frequency HR (95% CI) P Pinter
b HR (95% CI) P Pinter

b

Age (years)     
    ≤71 519 115 0.89 (0.68-1.16) 0.386 0.91 (0.69-1.20) 0.513
    >71 423 118 0.59 (0.45-0.78) <0.001* 0.143 0.62 (0.46-0.82) 0.001* 0.304
Sex
    Male 547 148 0.71 (0.57-0.89) 0.003* 0.75 (0.59-0.96) 0.020*

    Female 395 85 0.84 (0.60-1.18) 0.320 0.785 0.83 (0.58-1.18) 0.291 0.970
Smoking status
    Never 101 13 0.88 (0.35-2.20) 0.777 0.94 (0.37-2.38) 0.897
    Current 335 82 0.98 (0.70-1.36) 0.886 1.12 (0.79-1.58) 0.530
    Former 506 138 0.62 (0.49-0.79) <0.001* 0.096 0.62 (0.48-0.80) <0.001* 0.045*

Histology
    Adeno 455 120 0.78 (0.59-1.03) 0.084 0.82 (0.61-1.09) 0.172
    Squamous 236 48 0.64 (0.42-0.97) 0.036* 0.65 (0.41-1.02) 0.062
    Others 251 65 0.73 (0.52-1.02) 0.062 0.500 0.75 (0.53-1.07) 0.111 0.408
Tumor stage
    I-IIIA 520 134 0.90 (0.67-1.21) 0.493 0.97 (0.70-1.34) 0.848
    IIIB-IV 422 99 0.68 (0.53-0.88) 0.003* 0.698 0.70 (0.54-0.91) 0.007 0.862
Chemotherapy
    No 509 129 0.61 (0.46-0.81) <0.001* 0.63 (0.46-0.86) 0.003*

    Yes 433 104 0.84 (0.65-1.08) 0.173 0.047* 0.86 (0.67-1.12) 0.262 0.039*

Radiotherapy
    No 604 157 0.78 (0.61-1.00) 0.049* 0.83 (0.64-1.08) 0.160
    Yes 338 76 0.66 (0.49-0.88) 0.005* 0.852 0.66 (0.49-0.89) 0.007* 0.841
Surgery
    No 521 114 0.73 (0.58-0.92) 0.007* 0.75 (0.60-0.95) 0.016*

    Yes 421  119 0.73 (0.52-1.03) 0.070 0.554 0.76 (0.52-1.11) 0.153 0.585
aAdjusted for age, sex, stage, histology, smoking status, chemotherapy, radiotherapy, surgery, PC1, PC2, PC3 and PC4; bPinter: P-value for interac-
tion analysis between characteristic and protective genotypes. *P<0.05, Abbreviations: HR: hazards ratio; CI: confidence interval.
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Figure S4. Five-year NSCLC survival prediction of the two SNPs and 15 previously published SNPs by ROC curve in PLCO dataset. Time-dependent AUC estimation to 
OS (A) and DSS (C) of the two SNPs: based on age, sex, smoking status, histology, tumor grade, tumor stage, chemotherapy, surgery, principal component and the 
risk genotypes of the two genes. 5-years NSCLC OS (B) and DSS (D) prediction by ROC curve of the two SNPs. Time-dependent AUC estimation to OS (E) and DSS (G) 
of the two genes combined 15 previously published SNPs. 5-years NSCLC OS (F) and DSS (H) prediction by ROC curve of combined 15 previously published SNPs. 
Abbreviations: ROC, receiver operating characteristic curve; AUC, area under curve; OS, overall survival; DSS, disease-specific survival; PLCO, The Prostate, Lung, 
Colorectal and Ovarian Cancer Screening Trial.
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Figure S5. Differential mRNA expression analysis of the KIR3DL2 in the TCGA database. Higher mRNA of KIR3DL2 expression levels (A) were found in the non-paired 
normal tissues than tumor tissues in the LUSC and in the LUAD (B).
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Figure S6. Expanded view of the ENCODE data for the rs4487030 and rs35385129. The H3K27Ac, H3K4Me1, and H3K4Me3 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, as determined by the 
ChIP-seq assays. These levels are thought to be associated with the promoter and enhancer regions. DNase clusters track showed Dnase hypersensitivity areas. Tnx 
factor track showed regions of transcription factor binding of DNA, as assayed by ChIP-seq experiments. Transcription showed target genes of transcription factors 
from transcription factor binding site profiles. Abbreviation: ChIP, Chromatin Immunoprecipitation Sequencing.
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Figure S7. PVR rs35385129 genotypes corresponding with mRNA expression levels which is in differential expression in the TCGA database. The eQTL for PVR 
rs35385129 (A) in 373 Europeans from the 1000 Genomes Project; (B) Higher PVR mRNA expression levels were found in the adjacent normal tissues of 111 
NSCLC and in the 51 paired LUSC tissues but no in LUAD; Higher PVR mRNA expression levels were found in the non-paired normal tissues (C) than tumor tissues in 
LUSC but not in the LUAD. Abbreviation: eQTL, expression quantitative trait loci analysis; TCGA, The Cancer Genome Atlas; NSCLC, non-small cell lung cancer; LUAD, 
lung adenocarcinoma; LUSC, lung squamous cell carcinoma.
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Table S5. Function prediction for rs4487030, rs35385129 and their in-high-LD SNPs

SNP Gene Chr Allele RegDB1

Haploreg v4.12

Promoter  
histone marks

Enhancer  
histone marks DNAse Motifs changed Selected 

eQTL hits
dbSNP 

func annot
rs4487030 KIR3DL2 19 A>G No Data -- -- -- CDP, p300 -- intronic
rs35385129 PVR 19 C>A 5 -- -- SKIN Hoxa5, Msx-1 5 hits missense
rs846886 6.6 kb 5’ of IGSF23 19 A>G 3a -- 6 tissues 7 tissues 3 hits
rs846893 IGSF23 19 A>G No Data -- 4 tissues 4 altered motifs 4 hits intronic
rs7247676 IGSF23 19 A>G 4 -- 6 tissues PANC, CRVX, SKIN ATF3, CEBPD, SREBP 3 hits intronic
rs846853 IGSF23 19 A>G 5 -- ESDR, GI, LIV 4 hits intronic
rs846854 IGSF23 19 T>C 6 BLD 8 tissues STAT, Smad3 4 hits intronic
rs846855 IGSF23 19 G>A 4 BLD, BONE 11 tissues 5 tissues AP-1, VDR 3 hits intronic
rs846857 IGSF23 19 A>G 2a BLD 14 tissues MUS, MUS 8 altered motifs 4 hits intronic
rs846861 IGSF23 19 T>C No Data -- NRSF, SETDB1, Zfx 4 hits intronic
rs846863 IGSF23 19 T>G No Data -- Pax-6 4 hits intronic
rs846866 IGSF23 19 A>C 5 -- 4 tissues ADRL, OVRY Hic1, Znf143 4 hits intronic
rs12978272 IGSF23 19 C>T No Data -- ADRL Foxm1, SIX5, Znf143 4 hits intronic
rs58967105 IGSF23 19 C>A 5 -- ESC, IPSC, LIV Hand1, Smad 4 hits intronic
rs66786749 940 bp 3’ of IGSF23 19 AG>A No Data -- 5 tissues Smad4, TATA, ZBRK1 4 hits
rs34537198 1.4 kb 3’ of IGSF23 19 G>A No Data -- 5 tissues Pax-5 4 hits
rs3760624 2.3 kb 5’ of PVR 19 G>C No Data -- 6 tissues TATA 6 hits
rs201547681 916 bp 5’ of PVR 19 AATT>A 6 -- GI, LNG, LIV GI 7 altered motifs 5 hits
rs28411142 PVR 19 C>T 5 13 tissues 10 tissues 12 tissues NRSF, Zec 5 hits intronic
rs35739046 PVR 19 G>A 2b -- 12 tissues 27 tissues 7 altered motifs 5 hits intronic
Abbreviations: SNP: single nucleotide polymorphism; LD: linkage disequilibrium; NSCLC: non-small cell lung cancer; Chr: chromosome; dbSNP func annot: dbSNP function annota-
tion; 1RegulomeDB: http://regulomedb.org/; 2Haploreg: https://pubs.broadinstitute.org/mammals/haploreg/haploreg.php.
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Figure S8. Effect of higher expression of KIR3DL2 or PVR in different datasets on survival to lung cancer.


