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Background: Long noncoding RNA single nucleotide polymorphisms (IncRNA-SNPs)
PCAT1 15710886, PRNCRI1 rs1456315 and CCAT2 rs6983267 on 8q24 region present
generalizability in the susceptibility to multiple cancers, however, the influence of
rs710886, rs1456315 and rs6983267 on lung cancer has not been assessed. The aim of this
study was to investigate associations between three IncRNA-SNPs and lung cancer.
Methods: A case—control study was performed on 438 patients with lung cancer and 456
healthy controls in the Han population from southern China. The collected samples were
genotyped by the TagMan genotyping, and the association with clinical characteristics,
including age, gender, drinking status, smoking status, pathological types and clinical stages
were analyzed. And the SNP function prediction was based on IncRNASNP2, RNAfold and
GTEx.

Results: The rs1456315 T allele increased the risk of lung cancer [OR=1.95, 95% CI
(1.58-2.43), P=0.003] compared to the rs1456315 C allele, and rs1456315 significantly
increased the risk of lung cancer in the dominant model [OR=1.86, 95% CI (1.16-3.00),
P=0.002]. The rs6983267 G allele, compared with the T allele, increased the risk of lung
cancer [OR=1.29, 95% CI (1.07-1.57), P=0.007], and rs6983267 was identified as a risk
factor for lung cancer [OR=1.28, 95% CI (1.06—1.55), P=0.003] in the additive model. Both
rs1456315 and rs6983267 demonstrated significance after adjusting for the smoking status,
drinking status and age. The structure prediction found rs6983267 and rs1456315 influence
the secondary structure of its IncRNA. The results from IncRNASNP2 indicated that
1s6983267 and rs1456315 change gain/loss target of miRNAs.

Conclusion: PRNCR1 151456315 and CCAT?2 rs6983267 on 8q24 region are significantly
associated with lung cancer in the Han population of southern China and alter the potential
biological function in bioinformatic analysis, and the results further extended generalism of
the susceptibility of cancer-associated IncRNA-SNPs to lung cancer and underlying mechan-
ism involved in lung cancer.

Keywords: prostate cancer-associated transcript 1, prostate cancer noncoding RNA 1, colon

cancer-associated transcript 2, long noncoding RNAs, single nucleotide polymorphism

Introduction

Lung cancer has the highest incidence and mortality of all malignant tumors, account-
ing for 11.6% of the total cases of cancer and 18.4% of the total cancer-related deaths.'
Environment factors include smoking, alcohol, age, air pollution and life style have
been identified to modulate risk of cancer, and the important risk factor of cigarette
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smoking accounts for approximately 80% of lung cancer
patients, suggesting the individual genetic factors may influ-
ence susceptibility to lung cancer. Additionally, accumula-
tive evidence suggested that cancer-associated single
nucleotide polymorphism (SNP) on chromosome 8q24
bears susceptibility in common.””” Genome-wide association
studies have consistently identified multiple independent
regions on chromosome 8q24 associated with cancers, and
SNPs in IncRNA sequence on 8q24 region also share
a predisposition to cancers,”® LncRNA-SNPs, SNPs in the
LncRNA sequence, represent an attractive class of markers
that illustrate association and modify IncRNA structure and
function with a predictive biological significance. The can-
cer-associated IncRNA-SNP locus could alter IncRNA epi-
genetics in terms of allele-specific regulation and
functionally modulate allele-specific interactions between
miRNA: IncRNA and IncRNA secondary structural change.

It has been reported that IncRNA-SNPs on chromosome
8q24 demonstrated association with cancers,*’ the prostate
cancer-associated transcript 1 (PCAT1) gene IncRNA-SNP
1s710886 (A>G) is correlated with the risk of bladder cancer”
and lung squamous cell carcinoma,’ the prostate cancer
noncoding RNA 1 (PRNCRI1) gene IncRNA-SNP
rs1456315 (T>C) is associated with prostate cancer, color-
ectal cancer’ and breast cancer,’ and the colon cancer-
associated transcript 2 (CCAT2) gene IncRNA-SNP
156983267 (T >G) is closely linked to colon cancer,® bladder
cancer’ and hepatocellular carcinoma.'® However, the corre-
lation between these -cancer-associated IncRNA-SNPs
(rs710886, rs1456315 and rs6983267) and lung cancer has
not yet been assessed. A case—control study was performed to
explore correlations between the IncRNA-SNPs and lung
cancer, and analyze its potential function.

Materials and Methods
Study Population

All the participants were self-reported as unrelated Han
ethnicity from Hainan Province. A total of 438 patients
with lung cancer were enrolled. The enrolled patients were
histologically diagnosed with Iung cancer between
March 2011 and July 2017 at Haikou City People’s
affiliated to
Hainan Medical University. A total of 456 persons who

Hospital and Hainan General Hospital
came to the hospitals for a routine physical examination
during the same time period were recruited as healthy
controls, and healthy controls with a history of respiratory
diseases and evidence of malignancy were excluded.

Data Collection
The characteristics of each subject, including age, sex,
smoking status, drinking status, and history of diabetes,
were collected via a questionnaire. The classification of
smokers was as follows: never-smokers were defined as
those who had never smoked in their lifetime; ever-
smokers were defined as those who smoked regularly before
the date of lung cancer diagnosis; and smokers were defined
as those who smoked currently at the date of completion of
the questionnaire. In the same manner, drinkers were classi-
fied as nondrinkers, ever-drinkers, and drinkers. The clinical
features of lung cancer were collected from the patients’
medical records. Clinical data were analyzed according to
the eighth edition of the lung cancer stage classification."'
The study was approved by the Hainan Medical
University Ethics Committee in accordance with the
Declaration of Helsinki. Written informed consent was
obtained from patients or their assigned relatives due to
the patients are unconscious at emergency department or
intensive care unit in affiliated hospitals of Hainan
Medical University (IRB:HYLL-2019-034).

Peripheral Blood DNA Extraction and
Genotyping

Genomic DNA was isolated from whole blood collected in
EDTA tubes wusing an AxyPrep Blood Genomic
DNAMiniprep Kit (Axygen Biosciences, CA, US) according
to instructions provided by the manufacturer. DNA yield and
purity were qualified by ultraviolet light spectroscopy for
DNA analysis.
Genotyping was performed with TagMan SNP
Genotyping Assays (Applied Biosystems, California,
USA) on the following SNPs (gene, SNP, ABI identifier
assay mix): PCATI, rs710886, C_ 753164210; PRNCRI,
rs1456315, C_ 7531200 20; and CCAT2, rs6983267,
C_ 29086771 _20. The conditions used for TagMan geno-
typing were as follows: 2x TagMan genotyping master
mix (ABI) 2.5 pL; 20x SNP genotyping assay mix (ABI)
0.25 uL; and template DNA 2.25 uL. The PCR conditions
were 95°C for 10 min, denaturation at 95°C for 15 s, and
60°C for 90 s. A total of 40 cycles were completed.

Genotypic Function Exploration by

Web-Based Bioinformatics

We used RNAfold (http://rna.tbi.univie.ac.at//cgi-bin
/RNAWebSuite/RNAfold.cgi) and LncRNASNP2 (http://
bioinfo.life.hust.edu.cn/IncRNASNP/) database to predict
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the biological effect of the significant SNPs on IncRNAs.
RNAfold is a classic database to predict RNAs structure
and energy change in RNA formation according to RNA
sequence. Free energy represents the energy requires to
change the secondary structure from the current RNA
LncRNASNP2
resources of SNPs in IncRNAs, including SNP effects on
IncRNA structure and IncRNA-miRNA binding interac-
tion. And we further explored the effects of SNPs on
gene expression by investigating a public database of

structure. provides  comprehensive

GTEXx portal (http://www.gtexportal.org/home/).

Statistical Analysis

Statistical analysis was performed using STATA 10.0 SE.
The characteristics of the case and control groups were
compared by the X? test and the Wilcoxon rank-sum test if
necessary. The Hardy—Weinberg equilibrium (HWE) test
was performed by the likelihood ratio X* test. Chi-square

Table | Characteristics of Lung Cancer Cases and Controls

analysis was applied to examine differences in allelic and
genotypic distribution, the Cochran—Armitage test was used
for genotypic trend analysis, and genetic models fit genetic
susceptibility. Multinomial logistic regression was employed
to estimate the odds ratio (OR) and 95% confidence interval
(CI). All P-value <0.05 was considered significant.

The false-positive report probability (FPRR) was cal-
culated as described previously,'? only the significant
result with an FPRP value less than 0.2 was considered
a noteworthy finding. The threshold set 0.2 and assigned
a prior probability of 0.1 to detect an odds ratio (OR) of
0.67/1.5 (protective/risk effects) for an association. We
also chose P<0.05 as a standard of statistical significance.

Results

Characteristics of the Participants
As listed in Table 1, the median age in the case group was
older than that in the control group (P<0.001), while there

Characteristics Cases (n=438) Controls (n=456) Xt P
Age (y) (median (IQR)) 52 (52) 48 (33) 7.85 <0.001
Age <50 45(49) 46(48) 0.96 0.337
Age>50 67(75) 56(57) 13.36 <0.001
Male [n (%)] 305 (69.6) 319 (70.0) 0.01 0.910
Female [n (%)] 133(30.4) 137(30.4) 0.0l 0.938
Smoker [n (%)]

Nonsmoker 201 (45.9) 316 (69.3) 13.53 <0.001

Ever-smoker 105 (24.0) 75 (16.5) 5.23 0.022

Smoker 132 (30.1) 65 (14.3) 20.99 <0.001
Drinkers [n (%)]

Nondrinker 204 (46.6) 252 (55.3) 2.19 0.138

Ever-drinker 125 (28.5) 141 (30.9) 0.33 0.566

Drinker 109 (24.9) 63 (13.8) 11.94 <0.001
Histology [n (%)]

Squamous cell carcinoma 156 (35.6)

Adenocarcinoma 255 (58.32)

Small cell carcinoma 16 (3.65)

NSCLC other than adenocarcinoma 11 (2.5)
Stage [n (%)]

la 74 (16.89)

Ib 13 (2.97)

lla 119 (27.17)

llb 45 (10.27)

Illa 86 (19.63)

llib 36 (8.22)

IVa 49 (11.19)

IVb 16 (3.65)
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was no significant difference in sex between the two
groups. Nonsmokers exhibited a decreased incidence of
lung cancer, and ever-smokers, smokers, and drinkers were
statistically more common in the case group than in the
healthy control group.

Hardy—Weinberg (HWE) Analysis

rs710886 (98.9%), rs1456315 (99.6%) and 1rs6983267
(99.3%) showed successful genotyping rates. The HWE
test showed no significant difference in SNPs in the con-
trol group (rs710886: X*=0.009, P=0.927; rs1456315:
X°=3.49, P=0.062; rs6983267: X*=0.198, P=0.657), indi-
cating that control samples were obtained from the same

population.

Associations of rs7 10886, rs1456315, and
rs6983267 with Lung Cancer

The allelic and genotypic distributions of the genotypes and
associations between the SNPs and lung cancer are summar-
ized in Table 2. The rs1456315 T allele significantly
increased the risk of lung cancer compared to the C allele,
and the rs1456315 TT genotype was associated with lung
cancer in both the additive and dominant models; however,
there was no significant correlation between the rs1456315
genotype and pathological type or clinical stage as illustrated
in Table 3. The rs6983267 G allele significantly increased the
risk of lung cancer compared with the T allele. The genotypic
analysis found that rs6983267 was significant in both the
additive and recessive models and associated positive

Table 2 Association of rs710886, rs1456315, and rs6983267 with Lung Cancer

Genotype Cases, Controls, X2 OR (95% CI) P
n (%) n (%)
(n=438) (n=456)
rs710886
A 459 (53.3) 458 (50.4)
G 401 (46.6) 450 (49.6) 1.46 1.12 (0.93-1.36) 0.230
AA 119 (27.7) 116 (25.5)
AG 221 (51.4) 226 (49.8)
GG 90 (20.9) 112 (24.7)
Additive model (AA/AG/GG) 119/221/90 116/226/112 1.54 0.89 (0.74-1.07) 0.210
Dominant model (AA+AG vs GG) 340/90 342/112 1.75 1.24 (0.89-1.72) 0.190
Recessive model (AA vs GG+AG) 119/311 116/338 0.51 I.11 (0.82-1.52) 0.475
Homozygous and heterozygous model (AA+GG vs AG) 209/221 228/226 0.23 0.94 (0.71-1.23) 0.631
rs1456315
T 637 (73.1) 605 (66.5)
C 235 (26.9) 305 (33.5) 9.09 1.37 (1.11-1.68) 0.003
TT 231 (53.0) 210 (46.2)
TC 175 (40.1) 185 (40.7)
CcC 30 (6.9) 60 (13.2)
Additive model (TT/TC/CC) 231/175/30 210/185/60 8.76 0.74 (0.61-0.90) 0.003
Dominant model (TT+TC vs CC) 406/30 395/60 9.75 2.06 (1.27-3.37) 0.002
Recessive model (TT vs TC+CC) 231/205 210/245 4.15 1.31 (1.00-1.73) 0.042
Homozygous and heterozygous model (TT+CC vs TC) 231/175 270/185 0.53 0.94 (0.68-1.20) 0.468
rs6983267
T 433 (49.7) 511 (56.2)
G 439 (50.3) 401 (43.8) 0.77 (0.64-0.94) 0.007
TT 107 (24.5) 146(32.1)
GT 219 (50.2) 219 (48.1)
GG 110 (25.2) 90 (19.8)
Additive model (TT/TG/GG) 107/219/110 146/219/90 747 1.30 (1.08-1.56) 0.006
Dominant model (TT+TG vs GG) 326/110 365/90 3.80 0.73 (0.53-1.01) 0.051
Recessive model (TT vs TG+GG) 107/329 146/309 6.24 0.69 (0.51-0.93) 0.016
Homozygous and heterozygous model (TT+GG vs TG) 2171219 236/219 0.39 0.92 (0.70-1.2) 0.531
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Table 3 Clinicopathologic Characteristics of Lung Cancer Patients Stratified by Polymorphic Genotypes of rs1456315

rs1456315 TT, [n (%)] TC, [n (%)] CC, [n (%)] X2 P RR(95% CI)
Stage

1+l 132(52.8) 105(42.0) 13(5.2)

n+v 71(45.5) 70(44.9) 15(9.6) 342 0.065 1.35(0.98-1.86)
Tumor T status

TI+T2 165(53.8) 126(41.0) 16(5.2)

T3+T4 66(51.1) 49(38.0) 14(10.9) 1.57 0.210 1.23(0.89-1.71)
Lymph node status

Negative 107(49.3) 97(44.7) 13(6.0)

Positive 124(56.6) 78(35.6) 17(7.8) 0.87 0.352 0.87(0.64-1.03)
Cell differentiation

Well+ Moderate 175(50.8) 143(41.6) 26(7.6)

Poor 56(60.9) 32(34.8) 4(4.3) 34 0.065 0.70(0.47-1.03)

lymph node; however, there was no relationship between
rs6983267 and the pathological type or clinical stage as listed
in Table 4, and no significant relationship was found between
the risk of lung cancer and the rs710886 genotype.

LncRNA-SNPs rs710886, rs1456315, and
rs6983267 and High-Risk Factors in the

Multinomial Logistic Regression Analysis

The effects of rs1456315, rs6983267, age, smoking status,
drinking status, type 2 diabetes and sex on lung cancer were
evaluated by multinomial logistic regression analysis. The
results demonstrated that rs1456315, rs6983267, smoking
status, drinking status, and age were significantly associated
with lung cancer, as shown in Table 5, indicating that the

rs1456315 and rs6983267 genotypes were still associated
with lung cancer after adjusting for the smoking status,
drinking status, and age.

Stratification Analysis of High-Risk

Factors for Lung Cancer

In the stratification analysis, we redefined ever-smokers and
smokers as smokers and nonsmokers as controls, and ever-
drinkers and drinkers as drinkers and nondrinkers as controls.
The analysis revealed in Table 6, the rs1456315-TT signifi-
cantly increased the risk of lung cancer in smokers, nondrin-
kers and patients older than 50 years, and the rs6983267-GG
increased the risk of lung cancer in smokers and drinkers as

shown in Table 7.

Table 4 Clinicopathologic Characteristics of Lung Cancer Patients Stratified by Polymorphic Genotypes of rs6983267

rs6983267 TT, [n (%)] TG, [n (%)] GG, [n (%)] X2 P RR(95% CI)
Stage

1+l 66(26.3) 128(51) 57(22.7)

n+1v 41(22.2) 91(49.2) 53(28.6) 2.17 0.140 1.23(0.93—1.61)
Tumor T status

TI+T2 79(25.7) 152(49.5) 76(24.8)

T3+T4 28(21.7) 67(51.9) 34(26.4) 0.58 0.447 1.12(0.84-1.50)
Lymph node status

Negative 58(26.6) 116(53.2) 44(20.2)

Positive 49(22.5) 103(47.2) 66(22.5) 4.59 0.032 1.34(1.02-1.76)
Cell differentiation

Well+ Moderate 88(25.5) 173(50.1) 84(24.3)

Poor 19(20.9) 46(50.5) 26(28.6) I.14 0.287 1.195(0.86—1.66)
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Table 5 SNPs and Risk Factors in Multinomial Logistic
Regression Analysis

SD z OR (95% CI) P
rs1456315 0.082 2.58 0.76 (0.61-0.94) 0.010
rs6983267 0.124 2.04 1.23 (1.01-1.51) 0.042
rs710886 0.869 1.53 0.86 (0.70-1.04) 0.126
Smoking status 0.346 5.75 2.34 (1.75-3.13) <0.001
Drinking status 0.201 2.43 1.41 (1.07-1.87) 0.015
Age 0.289 4.74 2.00 (1.51-2.66) <0.001
Type 2 diabetes 0.152 0.30 1.06 (0.80-1.40) 0.686
Sex 0.134 1.08 0.84 (0.62-1.15) 0.281

False Positive Report Probability (FPRP)
Analysis

The FPRP values for significant findings at different prior
probability levels are illustrated in Table 8, as defined
standard that assigned a prior probability of 0.1 to detect
an odds ratio (OR) of 0.67/1.5 (protective/risk effects), the
evident association for rs1456315 remained noteworthy in
allelic comparison (T vs C), additive model (TT/TC/CC),
dominant model (TT+TC vs CC) as well as genotypic
comparison in subgroup of nondrinker between lung can-
cer and controls. And for rs6983267, allelic comparison (T
vs G), additive model (TT/TG/GG) as well as genotypic

comparison in subgroup of smokers between lung cancer
and controls demonstrated significantly associations.

Function Exploration Based on

Bioinformatic Database
We use LncRNASNP2 and RNAfold to predict the function
of rs1456315 (T>C) and rs6983267 (T>G), LncRNASNP2
used to explored interaction between miRNA and IncRNA.
The rs1456315 in LncRNA PRNCR1 (NONHSAT216393.1)
may bring gain target of hsa-miR-376a-2-5p and loss target
of hsa-miR-3149[Table S1 and Figure S1]. The rs6983267 in
LncRNA CCAT2 (NONHSAT216396.1) might indicate gain
target of hsa-miR-6820-3p, hsa-miR-627-3p, hsa-miR-5190,
hsa-miR-4276, hsa-miR-3164, while loss target of hsa-miR
-519¢-3p, hsa-miR-371a-3p, hsa-miR-33b-3p, hsa-miR-515-
3p[Table S2 and Figure S2].

In RNAfold analysis, The centroid secondary and mini-

mum free energy (minimum free energy, MFE) structure
of rs1456315 and rs6983267 are shown in Figures 1 and 2,
respectively, The genotype of rs1456315 also bring
changes to centroid secondary and MFE of the thermody-
namic ensemble, and the MFE of the thermodynamic
ensemble was alter from —23.17kcal/mol (rs1456315-A)
to —27.29kcal/mol (rs1456315-G), indicating rs1456315

Table 6 Stratification Analysis of rs1456315 in the Case and Control Groups Based on the Smoking Status, Drinking Status and Age

TT, [n (%)] TC, [n (%)] CGC, [n (%)] X2 P OR (95% CI)

Smokers

Cases 133 (56.6) 89 (37.9) 13 (5.5)

Controls 75 (47.8) 61 (38.9) 21 (13.4) 5.20 0.023 0.70 (0.51-0.95)
Nonsmokers

Cases 98 (48.8) 86 (42.8) 17 (8.5)

Controls 135 (45.3) 124 (41.6) 39 (13.1) 1.74 0.187 0.84 (0.64-1.09)
Drinkers

Cases 120 (51.5) 98 (42.1) 15 (6.4)

Controls 102 (50.0) 78 (38.2) 24 (11.8) 1.20 0.273 0.85 (0.64-1.14)
Nondrinkers

Cases 111 (54.7) 77 (37.9) 15 (7.4)

Controls 108 (43.0) 107 (42.6) 36 (14.3) 8.60 0.003 0.66 (0.50-0.87)
Age >50 yr

Cases 124 (53.9) 93 (40.4) 13 (5.7)

Controls 80 (48.2) 63 (38.0) 23 (13.9) 4.37 0.037 1.39 (1.02-1.88)
Age <50 yr

Cases 107 (51.9) 82 (39.8) 17 (8.3)

Controls 130 (45.0) 122 (42.2) 37 (12.8) 3.56 0.059 0.77 (0.53-0.98)

Note: One subject in the control group was not included in this analysis for information missing.
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Table 7 Stratification Analysis of rs6983267 in the Case and Control Groups Based on the Smoking Status, Drinking Status and Age

TT, [n (%)] GT, [n (%)] GG, [n (%)] X2 P OR (95% CI)

Smokers

Cases 53 (22.6) 118 (50.2) 64 (27.2)

Controls 51 (32.5) 77 (49.0) 29 (18.5) 6.60 0.010 1.46 (1.09-1.95)
Nonsmokers

Cases 54 (26.8) 101 (50.2) 46 (22.9)

Controls 95 (31.9) 142 (47.7) 61 (20.5) 1.31 0.252 1.16 (0.90-1.49)
Drinkers

Cases 59 (25.3) 111 (47.6) 63 (27.0)

Controls 69 (33.8) 100 (49.0) 35(17.2) 722 0.007 1.44 (1.10-1.88)
Nondrinkers

Cases 48 (23.6) 108 (53.2) 47 (23.2)

Controls 77 (30.7) 119 (47.4) 55 (21.9) 1.55 0.213 1.18 (0.91-1.54)
Age >50 y

Cases 55 (23.9) 115 (50) 60 (26.1)

Controls 50 (29.9) 85 (50.9) 32 (19.1) 3.29 0.070 1.30 (0.97-1.73)
Age <50 y

Cases 52 (25.2) 104 (50.5) 50 (24.3)

Controls 96 (33.3) 134 (46.5) 58 (20.1) 3.51 0.061 1.27 (0.99-1.63)

may change the structural stability of IncRNA PRNCRI.
And the rs6983267 in LncRNA CCAT2 would change the
secondary structure of IncRNA, moreover, the MFE of the
thermodynamic ensemble was change from —45.3kcal/mol
(rs6983267-G) to —46.47kcal/mol (rs6983267-T), which
suggests rs6983267-T may increase the structural stability
of IncRNA CCAT2, comparing to rs6983267-G.

In expression analysis for rs1456315 (T>C) and
1s6983267 (T>G), we found that rs6983267 contribute to
expression quantitative trait loci (¢QTL) based on the public
database GTEx Portal. rs6983267-GG upregulated the
expression CASCS8 (cancer susceptibility 8, minus strand)
in whole blood (Median value GG:0.409; GT:-0.071;TT:-
0.3567, P= 6.3e-10) [Figure S3], while rs1456315 have no
found related information, we further explored rs1456315 in
its haplotype, including the tag-SNPs of r1s146315,
rs7007694, 7841060, rs16901946, rs1016343, rs13252298,
rs13254738 and rs6983561, there are no related information
available.

Discussion

This study investigated the association of cancer-associated
IncRNA-SNPs (rs710886, rs1456315 and rs6983267) with
lung cancer. The major finding was that the IncRNA-SNP
PRNCRI 151456315 and IncRNA CCAT2 156983267 were

correlated with lung cancer in the Han population of southern
China, the stratification study shows rs1456315-TT signifi-
cantly increased the risk of lung cancer in smokers, nondrin-
kers and patients older than 50 years, and rs6983267-GG
increased the risk of lung cancer in smokers and drinkers,
which addressed the significance of cancer-associated
IncRNA-SNPs in lung cancer. In further bioinformatic
exploration, we found rs6983267 and rs1456315 may influ-
ence the secondary structure of LncRNA and affect the bind
to those miRNAs, rs6983267 alter the expression in eQTL on
the GTEx analysis.

The rs1456315 genotype led to increased susceptibil-
ity of lung cancer. rs1456315, which is located in the
8q24 gene desert region, exerts susceptibility to various
cancers, including prostate cancer, in both Japanese'’
and Iranian'® populations, and is related to breast
cancer® and colorectal cancer.'” The high-risk genotype
combination (TT+TC) presented a statistically signifi-
cant relation to lung cancer in our study, similar to
that observed in prostate cancer. Further stratification
analysis of the risk factors revealed that smokers,
patients older than 50 years, and nondrinkers were at
increased susceptibility to lung cancer, although age and
the smoking status are commonly recognized as high-
risk factors for lung cancer. Interestingly, nondrinkers
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Table 8 False-Positive Report Probability (FPRP) Values for the Significant Findings
Genotype OR(95% CI) P Power Prior Probability
0.25 0.1 0.01 0.001 0.0001 0.00001
rs1456315(T>C)
TvsC 1.37 (1.11-1.68) 0.003 0.81 0.009 0.027 0.234 0.755 0.969 0.997
Additive model (TT/TC/CC) 0.70 (0.61-0.9) 0.005 0.63 0.025 0.071 0.458 0.895 0.988 0.999
Dominant model (TT+TC vs CC) 2.06 (1.27-3.37) 0.004 0.45 0.026 0.075 0.467 0.898 0.989 0.999
Recessive model (TT vs TC+CC) 1.31(1.00-1.73) 0.057 0.27 0.389 0.657 0.955 0.995 1.000 1.000
Smokers 0.70 (0.51-0.95) 0.022 0.61 0.098 0.245 0.782 0.973 0.997 1.00
Nondrinkers 0.66 (0.50-0.87) 0.003 0.46 0.021 0.059 0.409 0.875 0.986 0.999
Age >50 yr 1.39 (1.02-1.88) 0.032 0.69 0.124 0.298 0.824 0.979 0.998 1.00
rs6983267(T >G)
TvsG 0.77 (0.64-0.94) 0.010 0.91 0.032 0.092 0.526 0918 0.991 0.999
Additive model (TT/TG/GG) 1.30 (1.08-1.56) 0.005 0.938 0.015 0.044 0.336 0.836 0.981 0.998
Recessive model (TT vs TG+GG) 0.69 (0.51-0.93) 0.014 0.58 0.072 0.188 0.718 0.963 0.996 1.000
Smokers 1.46 (1.09-1.95) 0.010 0.573 0.052 0.140 0.642 0.948 0.995 0.999
Drinkers 1.39 (1.02-1.88) 0.032 0.689 0.124 0.298 0.824 0.979 0.998 1.000

showed an increased risk of lung cancer. This result is
consistent with the previous study that light drinking
was associated with a decreased incidence of lung
cancer, !¢ therefore, the further stratification of the drink-
ing status is required to clarify the amount needed to
decrease the risk of lung cancer.

1s1456315 exerts strong linkage disequilibrium with
1s7463708 and 1572725879 (1*>0.8) based on HaploReg
4.1, indicating that the rs1456315 genotype is identical to
the rs7463708 and rs72725879 genotypes, thus extending the
functional significance of rs1456315. The T allele of
rs1456315 can increase the gene expression of PRNCRI,
which is involved in prostate carcinogenesis, possibly by
changing androgen receptor affinity.* SNPs in 8q24 have
been reported to alter the secondary structure of PRNCRI
mRNA and the stability of mRNA conformation,'” therefore
rs1456315 actively involved the process of PRNCR1 regula-
tion might also occur in lung cancer.

1rs6983267 is located at the conserved region of 8q24.21,
and the IncRNA CCAT2 rs6983267-GG genotype was
reported to have a reproducible association with colon
cancer,'® cervical cancer'® and lung cancer.”® The rs6983267
of IncRNA CCAT2 is transcribed with G (CCAT2-G) or
T (CCAT2-T) in a 1.7-kb RNA transcript. The allelic differ-
ence causes changes in RNA secondary structures. Changes in
secondary structures can regulate the affinity of the cleavage
factor I complex, and CCAT?2 alters the cleavage site, thus
RNA has alternative fragments with different biological
functions.”'

1$6983267-GG increases the expression of CCAT2, and
high CCAT?2 expression is related to lung adenocarcinoma
susceptibility and a poor response to cisplatin
chemotherapy.”® Additionally, CCAT2 rs6983267-TT gen-
otype is associated with a decreased incidence of lung
Based on the theory that T/G is
a protective/risk allele, rs6983267-GG also assume a risk

adenocarcinoma.?’

allele for lung adenocarcinoma. And in expression quanti-
tative trait locus analysis of whole blood, rs6983267-GG
increased expression of CASCS8 (also name CCAT) in
whole blood, thus, taken together, rs6983267 increase like-
lihood to influence expressive modulation.

The false-positive report probability (FPRP) is to
assess the credibility of these positive results. After
FPRP analysis, the significance showed the power that
further confirmed the association of rs6983267 and
rs1456315 with lung cancer.

The bioinformatic analysis indicated that both
r$6983267 and rs1456315 may influence IncRNA binding
to miRNAs. The rs6983267 might indicate gain target of
hsa-miR-6820-3p, hsa-miR-627-3p, hsa-miR-5190, hsa-
miR-4276, hsa-miR-3164, while loss target of hsa-miR
-519¢-3p, hsa-miR-371a-3p, hsa-miR-33b-3p, hsa-miR
-515-3p. Some of them involved in tumorigenesis in
current literatures, the downregulation of hsa-miR-627-
3p promote osteosarcoma cell proliferation and
metastasis;>* miR-33b-3p also altered the cisplatin sensi-
tivity of cancer cells by impairing the DNA damage

response;”> miR-371a-3 currently reported biomarker
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Figure | The RNAfold algorithm in silico predicting the genotypic impact of rs|456315 on the structure of IncRNA PRNCRI (A: The prediction based on the rule of
centroid secondary structure and B: The prediction based on the rule of MFE secondary structure).

for germ cell tumors (GCT), and clinical value of plasma
miR-371a-3p level in chemotherapy naive GCT patients
is a biomaker to initiate first line of chemotherapy and
predict prognosis,’®?’ so the rs6983267 might regulate
interaction between miR-371a-3 and IncRNA CCAT?2 to
alter GCT diagnosis and therapy sensitivity; miR-515-3p
was markedly overexpressed in individuals with gastric

carcinoma compared with that in normal gastric cells

(NCs) and the surgery group (P < 0.0001), and yielded
an increase area under the curve (AUC) value with miR-
The rs1456315 may
bring gain target of hsa-miR-376a-2-5p and loss target
of hsa-miR-3149, and hsa-mir-3149 have reported to play

515-3p in model construction.*®

important role in DNA repair and immunity by inhibiting
expression of ovarian tumor protease deubiquitinase 5
(OTUDS), as a member of the ovarian tumor protease
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family,” therefore rs1456315 and rs6983267 may influ-
ence binding between LncRNA and miRNA to modulate
epigenetic  process. Additionally, rs1456315 and
16983267 characterize genotypic stability of LncRNA
PRNCR1 and IncRNA CCAT2 secondary structure.
Combined with our findings, those available evidence
could shed light on the possible molecular mechanism
of lung cancer.

Although we detected associations between SNP-
IncRNAs and lung cancer, the identification of additional

genetic risk factors would add genetic predispositions to
lung cancer. There were some limitations to this study.
First, prospective cohort studies are still needed to
uncover the prognostic significance between SNP-
IncRNAs and lung cancer incidence. Second, the study
subjects were limited to the Han Chinese ethnicity, and
the sample size was moderate and from two centers;
therefore, large-scale studies in multiple centers across
different ethnic populations are required to validate our

results.
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