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Objective: Recent studies have demonstrated that the long non-coding RNA (lncRNA) GAS5 is closely associated with the onset and
progression of several tumor types, including renal cell carcinoma (RCC). This study sought to evaluate the relationship between two
functional GAS5 polymorphisms (rs145204276 and rs55829688) and the risk for RCC in the Han Chinese population.
Methods: The rs145204276 and rs55829688 polymorphisms in the GAS5 promoter region were genotyped in 624 RCC patients and
655 age/sex-matched healthy participants. The association between these polymorphisms and RCC risk was then evaluated using odds
ratios (ORs) and corresponding 95% confidence intervals (CIs). Additionally, quantitative RT-PCR was used to determine whether
these polymorphisms were associated with changes in the levels of expression of GAS5 in 58 RCC patients.
Results: There were significant differences in the GAS5 rs145204276 polymorphism genotype and allele frequencies between the
RCC patients and controls (adjusted OR = 0.73, 95% CI = 0.61- 0.87, P = 1.8×10−3). When the study participants were stratified based
on age, sex, BMI index, and smoking and drinking history, we found that the rs145204276 del allele was associated with a reduced risk
for RCC in nondrinkers (P = 3.3×10−3), nonsmokers (P = 3.3×10−3), females (P = 3.8×10−3), and those who were less than 60 years
old (P = 3.3×10−3). There was also a significant association between the rs145204276 del allele and elevated expression of GAS5 in
RCC patients (P = 0.030).
Conclusions: The results of this study revealed an association between the rs145204276 polymorphism in the GAS5 lncRNA and the
risk for the development of RCC, thus representing a potentially viable biomarker for identifying individuals at risk of developing this
form of cancer.
Keywords: lncRNA GAS5, polymorphism, renal cell carcinoma, case-control

Introduction
Renal cell carcinoma (RCC) accounts for over 90% of all kidney cancers.1 Clear cell RCC is the most common and
aggressive form of this disease, with a poor prognosis for the affected patients.2 Although RCC is a relatively common
form of cancer, its underlying molecular mechanism is not clear, and both environmental and genetic factors are
suspected to be involved in its onset.3 Risk factors associated with RCC include age, sex, alcohol/tobacco use, obesity,
and a history of chronic kidney disease.4,5 Additionally, genome-wide association studies (GWAS) have revealed several
genetic determinants of RCC in western populations, with single nucleotide polymorphisms (SNPs) in EPAS1, HIF-2α,
CCND1, and ITPR2 linked with increased susceptibility to RCC.6–9 However, these SNPs account for less than half of all
genetic factors Related to RCC, and the remaining factors need to be identified to increase our understanding of RCC
development.
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Long non-coding RNAs (lncRNAs) are RNA molecules that have more than 200 nucleotides and that lack protein-
coding potential. However, they can regulate gene expression by modulating transcriptional and post-transcriptional
factors or by modifying chromatin.10,11 As complex regulatory molecules, lncRNAs are closely associated with key
cellular processes, such as inflammation, apoptosis, proliferation, and oncogenesis.12 Also, dysregulation of lncRNA can
result in the growth and metastasis of certain tumor types.13–16 Several studies have shown that the growth arrest-specific
5 (GAS5) lncRNA can induce cell cycle arrest and consequent cellular apoptosis in several tissue types.17,18 Thus, recent
studies have highlighted the role of GAS5 as a tumor suppressor in osteosarcoma as well as in breast, bladder, and
colorectal cancers.19–23 The downregulation of GAS5 has also been linked to the development and progression of
RCC.24–26 However, the molecular basis for the downregulation of GAS5 in RCC needs to be explored.

GAS5 is located on chromosome 1q25.1, within a gene containing 12 exons across a 4.087 kb region, coding for 29
different GAS5 splicing variants.27 Mutations within the GAS5 promoter region are known to be linked to oncogenesis.
Li et al revealed that the rs145204276 indel polymorphism in the GAS5 promoter region altered the expression of GAS5,
and thus protected against the development of gastric cancer.28 Tao et al found that the rs145204276 polymorphism
altered the transcriptional activity of GAS5, thereby resulting in an increased risk for hepatocellular carcinoma.29 Wang
et al showed that the GAS5 rs55829688 promoter polymorphism altered the binding ability of the YY1 transcription
factor to the promoter region, thereby resulting in increased expression of GAS5 and an elevated risk for colorectal
cancer.30 Also, Rakhshan et al found that in the Iranian population, the GAS5 rs2067079 polymorphism was linked to an
elevated risk for bladder cancer.31 Currently, however, there are no reports on the link between GAS5 promoter region
polymorphisms and risk for RCC. Here, we utilized a case-control approach to examine the relationship between such
variants and RCC incidence in the Chinese population.

Materials and Methods
Study Participants
This study was performed in accordance with the Declaration of Helsinki and approved by the Institutional Review
Board of the Second Affiliated Hospital of Guangdong Medical University. All participants provided written informed
consent before taking part in the study. We randomly recruited 624 patients with RCC and 655 healthy age/sex-matched
control participants from the Second Affiliated Hospital of Guangdong Medical University from September 2014 to
August 2020. Patients with RCC had been independently diagnosed by two independent pathologists based on histo-
pathological findings, and partial nephrectomy was performed. None of the patients enrolled in this study had undergone
radiotherapy or chemotherapy before participation, and none had any history of previous malignancy. For smoking status,
those patients who had smoked less than one cigarette per day for less than 1 year of their life were classified as
nonsmokers, and those who had drunk alcohol at least three times per week for longer than 6 months were classified as
drinkers. The tumor stage was determined using the international tumor-node-metastasis (TNM) classification system32

and graded according to the 2016 WHO Classification of Tumors of the Urinary System of the Tumor, Nodes and
Metastasis system.33 Furthermore, tumors were separated into localized (stage I/II) and advanced (stage III/IV) groups as
per the Fuhrman scale based on the criteria of the American Joint Committee on Cancer (AJCC).32,34

Genotyping
We extracted gDNA from the peripheral blood lymphocytes using a genomic DNA purification kit (Qiagen, Guangzhou, China).
Two functional polymorphisms of GAS5 lncRNAwere selected based on previous reports.29,35 Polymerase chain reaction (PCR)
was used for the genotyping of rs145204276 and rs55829688 as described previously.36 The primers for the amplification of
rs145204276 were (F: 5’- TCCCGACTGAGGAGGAAGAGCA-3’; R: 5’-AACACCGTCCCGGAAGTGAAA-3’). The PCR
products were separated using 7% native polyacrylamide gel electrophoresis and were visualized by silver staining. The
genotypes were designated as ins/ins (II), del/ins (ID), or del/del (DD) for each individual. Primers used for the amplification
of rs55829688 were: (F: 5’-TGGCTTAGAAGTCCCAGTCA-3’; R: 5’-CGTCCCGGAAGTGAAATCC-3’). Next, the restric-
tion fragment length polymorphism (RFLP) analysis was performed on the amplified PCR products using restriction enzyme
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BsrDI (NEB, Beijing, China). For quality control, duplicate sequencing of 10% of samples was performed, with a 100%
concordance rate.

Quantitative Real-Time PCR (qRT-PCR)
The resected tumor tissues and the adjacent control tissues were obtained from 58 patients with RCC during surgery.
None of the patients had undergone radiotherapy or chemotherapy before this operation. The qRT-PCR was performed as
we have described previously.37 Total RNA from the control and RCC tumor tissues was extracted using a commercial
kit following the manufacturer’s instructions (TianGen, Beijing, China). The RNA concentration, purity, and integrity
were determined using a Nano-Drop ND-1000 spectrophotometer and 1% agarose gel electrophoresis. Total RNA (1 µg)
was converted to cDNA using the RevertAid cDNA Synthesis Kit (Thermo Fisher, Beijing, China). Then, the cDNAwas
diluted to a final concentration of 10 ng/µL. The resulting cDNAs (1µL; 10 ng) were used as templates to determine the
quantity of GAS5 lncRNA and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) using quantitative real-time PCR
(qRT-PCR) following the SYBR green method. qRT-PCR was performed on a Roche Light Cycler 480 machine with the
following pair of primers: 5′- CTTC TGGGCTCAAGTGATCCT-3′ and 5′- TTGTGCCATGAGACTCCATCAG-3′.
GAPDH was used as a control for normalization, using the following pair of primers: 5′-
GTCAACGGATTTGGTCTGTATT-3′ and 5′-AGTCTTCTGGGTGGCAGTGAT-3′. The qRT-PCR settings were as fol-
lows: 95°C for 10 min; 40 cycles at 95°C for 10s, 60°C for 20s, and 72°C for 10s. The 2−ΔΔCt method38 was used to
assess the relative expression of GAS5, and all reactions were performed in triplicate.

Cell Culture and Dual-Luciferase Reporter Assay
Human RCC cell line A498 (derived from papillary RCC) and a nonmalignant renal cell line HK-2 were obtained from
the American Type Culture Collection (Manassas, VA, USA). The cell lines were incubated in DMEM supplemented
with 10% fetal bovine serum and maintained in a humidified incubator (5% CO2) at 37 °C. The lncRNA GAS5 promoter
fragment about 300 bp containing the rs145204276 ins allele was synthesized and cloned into the pGL3-basic vector
(Promega, WI, USA), yielding the pGL3-ins constructs. The mutant type constructs harbouring the the rs145204276 del
allele were generated using QuikChange Lightening Site-Directed Mutagenesis Kit (Stratagene, CA, USA). The resulting
constructs were confirmed by direct sequencing. These constructs were transfected into A498 and HK-2 cells using
Lipofectamine 3000 (Thermo Fisher, MA, USA). At 24 hours post-transfection, transcriptional activities were deter-
mined using the dual-luciferase reporter assay system (Promega, WI, USA) and measurements were presented as the
ratio of the firefly and renilla luciferase activities.

Statistical Analysis
SPSS v19.0 (IBM Corp., Armonk, NY, USA) software was used for all statistical analyses. Chi-squared tests were used
to test for Hardy-Weinberg equilibrium (HWE), and to analyze the categorical data. Continuous data were analyzed via
the Student’s t-tests. The relationship between specific polymorphisms and risk for RCC was assessed using multivariate
logistic regression to calculate odds ratios (ORs) and 95% confidence intervals (CIs) after adjusting for age, sex, BMI,
smoking status, and drinking status. Mann–Whitney U-tests were used to compare the levels of expression of GAS5
between groups of different genotypes. Relative luciferase activity among groups was compared by Student’s t-tests.
P<0.05 was considered statistically significant.

Results
Demographic Data
Table 1 presents the demographic and clinical data for the study participants. There was a similar distribution in terms of
age, sex, BMI, smoking status, and drinking status between the RCC and the control groups (P > 0.05).
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The Relationship Between GAS5 Polymorphisms and RCC Susceptibility
Table 2 presents the GAS5 polymorphism allele and genotype frequencies for RCC and the control group. No selection bias
was evident in either group based on the results of the Hardy-Weinberg equilibrium test (P > 0.05). However, the distribution
of rs145204276 polymorphism was significantly different between these two groups (P = 4.8×10−3). There was no significant
difference between the RCC and the control group when using a recessive model (II + ID vs DD; P = 0.13). However, in
a dominant model (II vs ID + DD), the RCC and the control group differed significantly (P = 1.8×10−3, OR = 0.67, 95% CI:
0.54–0.84). The participants carrying the rs145204276 del allele also exhibited a reduced risk for RCC relative to carriers of
the ins allele (P = 1.8×10−3, OR = 0.73, 95% CI: 0.61–0.87). On the contrary, there was a similar distribution of the allele and
genotypes for the rs55829688 polymorphism between the RCC patient and the control groups (P > 0.05).

Subgroup Analyses of GAS5 Polymorphism Distributions According to Participant
Clinicopathological Characteristics
Next, we examined the relationships between the GAS5 polymorphisms and the defined clinicopathological variables in
the RCC and control groups (Tables 3 and 4). After the stratification of participants based on their age, sex, BMI,
drinking status, and smoking status, we found that the rs145204276 del allele was linked with a lower risk for RCC in

Table 1 Characteristics of Subjects Between RCC Patients and Control Group

Variables RCC(n=624) Control (n=655) P value*

Age (Mean ± SD) 56.8±10.2 54.6±11.3 0.38
< 60 358(58.0) 370(56.0) 0.75

≥ 60 266(42.0) 285(44.0)

Gender
Male 393(63.5) 417(64.6) 0.81

Female 231(36.5) 238(35.4)

BMI (Mean ± SD) 23.62±3.65 23.806±2.91 0.45
< 24 285(46.0) 311(47.9) 0.52

≥ 24 339(54.0) 344(52.1)
Smokers, n (%)

Yes 248(39.0) 227(34.7) 0.060

No 376(61.0) 428(65.3)
Drinkers, n (%)

Yes 172(26.7) 158(23.9) 0.16

No 452(73.3) 497(76.1)
Clinical stage

I 401(64.0)

II 113(18.0)
III 44(7.1)

IV 66(10.9)

Grade
I 112(18.0)

II 295(47.7)

III 124(19.7)
IV 93(7.3)

Histology

Clear cell carcinoma 530(85.0)
Papillary cell carcinoma 22(3.5)

Others 72(11.5)

Notes: Continuous data are expressed as the means ± SD. Adjusted for age, sex, BMI, smoking status and drinking status. *False
discovery rate-adjusted P value for multiple hypotheses testing using the Benjamini-Hochberg method.
Abbreviations: RCC, renal cell carcinoma; BMI, body mass index.
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individuals less than 60 years old (P = 3.3×10−3), female (P = 3.8×10−3), nonsmokers (P = 3.3×10−3) and nondrinkers
(P = 3.3×10−3) (Table 3). None of the subgroup analyses revealed any significant differences in the distribution of
rs55829688 polymorphism (Table 4).

The Relationship Between GAS5 Polymorphisms and RCC Disease Progression
When the relationship between the GAS5 polymorphisms and the clinicopathological characteristics of RCC patients
were examined, we found no significant differences in the distribution of polymorphisms, when comparing patients
with stage I, II, or III disease, or when comparing patients with moderately (grade I and II) or poorly differentiated
(grade III and IV) nuclear grades (Table 5). However, there were significantly fewer individuals having the
rs145204276 ID+DD genotype among patients with stage IV disease compared with individuals with the II genotype
(P = 0.014, adjusted OR = 0.50, 95% CI: 0.29–0.88). In contrast, no statistical correlations were found among the
rs55829688 variant and the RCC stages (P > 0.05).

Tissue Level Expression of GAS5
Finally, we examined the relationship between GAS5 polymorphisms, risks for RCC, and GAS5 expression (Figure 1).
We found that patient tumor tissue samples exhibited significantly reduced GAS5 expression compared with control
tissue samples (P < 0.01) (Figure 1A). Additionally, when stratifying tumor samples based on rs145204276 genotypes,
we observed significantly elevated expression of GAS5 in individuals with the rs145204276 ID+DD genotypes compared
with individuals with the II genotype (P = 0.030) (Figure 1B). When comparing the rs145204276 ID+DD and II
genotypes, no significant difference in the expression of GAS5 was observed in the control samples (P > 0.05)
(Figure 1B). In contrast, no statistical difference in GAS5 expression was found among either case or control samples
when comparing the rs55829688 TC+CC and TT genotypes (P > 0.05) (Figure 1C).

The Effect of rs145204276 on GAS5 Transcription Activity
To determine whether rs145204276 alters transcriptional activity, we performed a dual luciferase reporter assay to
examine the effects of rs145204276 AGGCA/- polymorphism on the promoter activity. As shown in Figure 2, the
luciferase activity of the cells transfected with pGL3-ins or pGL3-del was significantly higher than those of cells

Table 2 Distributions of lncRNA GAS5 Genotypic and Allelic Frequencies Among RCC Patients and Controls

Genotypes RCC Patients
n=624(%)

Controls
n=655(%)

AOR(95% CI) P value P value*

rs145204276
ins/ins(II) 349(55.9) 301(46.0) 1.8×10−3 4.8×10−3

ins/del(ID) 231(37.0) 289(44.1)
del/del(DD) 44(7.1) 65(9.9)

Dominant model II vs ID/DD 275(44.1) 354(54.0) 0.67(0.54–0.84) 4.5×10−4 1.8×10−3

Recessive model II/ID vs DD 580(92.9) 590(90.1) 1.45(0.97–2.17) 0.066 0.13
I allele 929(74.4) 891(68.0)

D allele 319(25.6) 419(32.0) 0.73(0.61–0.87) 3.4×10−4 1.8×10−3

rs55829688
TT 322(51.6) 308(47.0) 0.26 0.30

TC 246(39.4) 282(43.1)
CC 56(9.0) 65(9.9)

Dominant model TT vs TC/CC 302(48.4) 347(53.0) 0.83(0.67–1.04) 0.10 0.16

Recessive model TT/TC vs CC 568(91.0) 590(90.1) 1.12 (0.77–1.63) 0.56 0.56
T allele 890(71.3) 898(68.5)

C allele 358(28.7) 412(31.5) 0.88(0.74–1.04) 0.13 0.17

Notes: P value of difference in genotypes between case group and control group. Adjusted for age, sex, BMI, smoking status and drinking status. *False discovery rate-
adjusted P value for multiple hypotheses testing using the Benjamini-Hochberg method. P < 0.05 is indicated in bold font.
Abbreviations: RCC, renal cell carcinoma; II, ins/ins; ID, ins/del; DD, del/del; CI, confidence interval; OR, odds ratio.
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Table 3 Stratified Analysis Between the Genotypes and Alleles of lncRNA GAS5 rs145204276 Polymorphism Among RCC Patients and Control Group

Characteristics RCC Patients Group Control Group P value

Genotype n (%) Allele n (%) Genotype n (%) Allele n (%)

II ID DD I D II ID DD I D PG PG* PA PA*

Age

< 60 208(58.1) 129(36.0) 21(5.9) 545(76.1) 171(23.9) 173(46.8) 160(43.2) 37(10.0) 506(68.4) 234(31.6) 4.5×10−3 0.014 1.0×10−3 3.3 ×10−3

≥ 60 141(53.1) 102(38.3) 23(8.6) 384(72.2) 148(27.8) 128(44.9) 129(45.3) 28(9.8) 385(67.5) 185(32.5) 0.17 0.21 0.10 0.13

Gender

Male 216(55.5) 145(36.9) 32(8.1) 577(73.4) 209(26.6) 197(47.3) 179(42.9) 41(9.8) 573(68.7) 261(31.3) 0.088 0.13 0.038 0.054
Female 133(56.7) 86(37.2) 12(5.2) 352(76.2) 110(23.8) 104(43.7) 110(46.2) 24(10.1) 318(66.8) 158(33.2) 5.5×10−3 0.014 1.5 ×10−3 3.8 ×10−3

BMI

< 24 150(52.6) 109(38.2) 26(9.1) 409(71.8) 161(28.2) 137(41.4) 137(43.4) 40(13.5) 411(65.4) 217(34.5) 0.068 0.12 0.021 0.042
≥ 24 199(58.7) 132(38.9) 18(5.3) 530(75.9) 168(24.1) 167(48.5) 152(44.8) 25(6.9) 486(70.6) 202(29.4) 0.072 0.12 0.029 0.048

Smoking

Yes 130(52.4) 95(38.3) 23(9.3) 355(71.6) 141(28.4) 103(45.4) 101(44.5) 23(10.1) 307(67.6) 147(32.4) 0.33 0.37 0.20 0.22
No 219(58.2) 136(36.2) 21(5.6) 574(76.3) 178(23.7) 198(46.3) 188(43.9) 42(9.8) 584(68.2) 272(31.8) 1.4×10−3 0.013 3.6 ×10−4 3.3 ×10−3

Drinking

Yes 96(55.8) 63(40.7) 13(3.5) 255(74.1) 89(25.9) 77(44.8) 67(39.1) 14(8.1) 221(69.9) 95(30.1) 0.44 0.44 0.26 0.26
No 253(56.0) 168(35.6) 31(8.4) 674(74.6) 230(25.4) 224(45.1) 222(44.7) 51(10.3) 670(67.4) 324(32.6) 2.5×10−3 0.013 7.0 ×10−4 3.3 ×10−3

Notes: PG: p value of difference in genotypes between case group and control group; PA: p value of difference in alleles between case group and control group. Adjusted for age, sex, BMI, smoking status and drinking status. *False
discovery rate-adjusted P value for multiple hypotheses testing using the Benjamini-Hochberg method. P < 0.05 is indicated in bold font.
Abbreviations: RCC, renal cell carcinoma; II, ins/ins; ID, ins/del; DD, del/del.
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Table 4 Stratified Analysis Between the Genotypes and Alleles of lncRNA GAS5 rs55829688 Polymorphism Among RCC Patients and Control Group

Characteristics RCC Patients Group Control Group P value

Genotype n (%) Allele n (%) Genotype n (%) Allele n (%)

TT TC CC T C TT TC CC T C PG PG* PA PA*

Age

< 60 182(50.8) 140(39.1) 36(10.1) 504(70.4) 212(29.6) 174(47.0) 158(42.7) 38(10.3) 506(68.4) 234(31.6) 0.57 0.70 0.43 0.48
≥ 60 140(52.7) 106(39.8) 20(7.5) 386(72.6) 146(27.4) 134(47.0) 124(43.5) 27(9.5) 392(68.8) 178(31.2) 0.40 0.70 0.19 0.48

Gender

Male 200(50.9) 158(40.2) 35(8.9) 558(71.0) 228(29.0) 197(47.2) 179(42.9) 41(9.8) 573(68.7) 261(31.3) 0.59 0.70 0.33 0.48
Female 122(52.8) 88(38.1) 21(9.1) 332(71.9) 130(28.1) 111(46.6) 103(43.3) 24(10.1) 325(68.3) 151(31.7) 0.41 0.70 0.25 0.48

BMI

< 24 145(50.9) 115(40.2) 25(8.8) 405(71.1) 165(28.9) 147(47.3) 132(42.4) 32(10.3) 426(68.5) 196(31.5) 0.63 0.70 0.34 0.48
≥ 24 177(52.2) 131(38.6) 31(9.2) 485(71.5) 193(28.5) 161(46.8) 150(43.6) 33(9.6) 472(68.6) 216(31.4) 0.35 0.70 0.24 0.48

Smoking

Yes 124(50.0) 103(41.5) 21(8.5) 351(70.8) 145(29.2) 99(43.6) 103(45.4) 25(11.0) 301(66.3) 153(33.7) 0.33 0.70 0.14 0.48
No 198(52.7) 143(38.0) 35(9.3) 539(71.7) 213(28.3) 209(48.9) 179(41.8) 40(9.3) 597(69.7) 259(30.3) 0.52 0.70 0.41 0.48

Drinking

Yes 87(50.6) 70(40.7) 15(8.7) 244(70.9) 100(29.1) 74(46.8) 68(43.0) 16(10.2) 216(68.4) 100(31.6) 0.77 0.77 0.50 0.50
No 235(52.0) 176(38.9) 41(9.1) 646(71.5) 258(28.5) 234(47.1) 214(43.1) 49(9.8) 682(68.6) 312(31.4) 0.32 0.70 0.19 0.48

Notes: PG: p value of difference in genotypes between case group and control group; PA: p value of difference in alleles between case group and control group. Adjusted for age, sex, BMI, smoking status and drinking status. *False
discovery rate-adjusted P value for multiple hypotheses testing using the Benjamini-Hochberg method.
Abbreviation: RCC, renal cell carcinoma.
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transfected with control vectors. In addition, a significant increase of luciferase activity was observed in cells
transfected with pGL3-del compared to cells transfected with pGL3-ins in either A498 or HK-2 cell lines (P < 0.01).

Discussion
This study provides novel evidence for the presence of a significant relationship between the GAS5 rs145204276 indel
polymorphism and the risk for RCC in a subset of the Chinese population. Additional subgroup analyses further revealed
that those who are less than 60 years old, female, nonsmokers or nondrinkers and who carried the rs145204276 del allele
might have a lower risk of developing RCC. Additionally, we detected significantly elevated levels of expression of
GAS5 in the tumor tissue samples from RCC patients carrying the rs145204276 del allele. However, no significant
differences in rs55829688 genotype or allele frequencies were detected when comparing the RCC patients and healthy
participants. Thus, there exists a possibility that the GAS5 rs145204276 polymorphism may be a valuable biomarker for
predicting the risk for RCC in certain populations.

In the past, several studies have highlighted the relationship between dysregulation of GAS5 and the onset of
numerous cancer types, including lung,39 colorectal,40 breast,41 gastric,42 prostate,43 pancreatic,44 and bladder22 cancers.
However, the relationship between dysregulation of GAS5 and RCC incidence has not been well studied. Qiao et al
observed a significant downregulation of GAS5 in RCC tumor tissue samples and found that this reduction was directly
associated with the development and progression of RCC.24 They further found that the overexpression of GAS5 drove
tumor cell apoptosis and cell cycle arrest while simultaneously impairing metastasis, thus suggesting that targeting GAS5

Table 5 Association Between LncRNA GAS5 Genotypes and Clinicopathologic Characteristics of RCC

Variables rs145204276 Genotypes rs55829688 genotypes

II ID+DD P value AOR (95% CI) TT TC+CC P value AOR (95% CI)

Clinical stage

I 208(59.6) 193(70.2) 197(61.2) 204(67.5)
II 68(19.5) 45(16.4) 0.12 0.71(0.47–1.09) 63(19.6) 50(16.6) 0.21 0.77(0.50–1.16)

III 28(8.0) 16(5.8) 0.14 0.62(0.32–1.17) 23(7.1) 21(7.0) 0.69 0.88(0.47–1.64)

IV 45 (12.9) 21(7.6) 0.014 0.50(0.29–0.88) 39(12.1) 27(8.9) 0.13 0.67(0.39–1.13)
Grade

I 65(18.6) 47(17.1) 58(18.0) 54(17.9)

II 158(45.3) 137(49.8) 0.45 1.18(0.76–1.84) 166(51.6) 129(42.7) 0.42 1.20(0.77–1.85)
III 84(24.1) 40(14.5) 0.12 0.66(0.39–1.12) 56(17.4) 68(22.5) 0.31 0.77(0.46–1.28)

IV 42(12.0) 51(18.5) 0.066 1.68(0.96–2.92) 42(13.0) 51(16.9) 0.35 0.77(0.44–1.33)

Notes: P < 0.05 is indicated in bold font.
Abbreviations: RCC, renal cell carcinoma; II, ins/ins; ID, ins/del; DD, del/del.

Figure 1 (A) Relative GAS5 expression in 58 RCC tumor tissue samples and adjacent control tissue samples. (B) Relative GAS5 expression in RCC tumor tissue samples
and control samples stratified according to the rs145204276 ins/ins (II) and ins/del + del/del (ID+DD) genotypes. (C) Relative GAS5 expression in RCC tumor tissue samples
and control samples stratified according to the rs55829688 TT and TC+CC genotypes. GAPDH served as the normalization control. Data are expressed as medians with
interquartile ranges (*P < 0.05, ***P < 0.001, n.s., not significant).
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may be a viable therapeutic strategy for RCC.24 Toraih et al suggested that the co-expression of GAS5 and miR-34 might
act as a biomarker for RCC.27 Thus, these reports indicated a mechanistic role of GAS5 in the development of RCC.
However, there were no reports on the involvement of specific alleles of GAS5 that were associated with RCC incidence
or progression. Previously, Tao et al had identified the 5-bp indel rs145204276 polymorphism in the GAS5 promoter
region, which they found was associated with an elevated risk for hepatocellular carcinoma (HCC).29 In contrast, Zheng
et al found that the same rs145204276 polymorphism was linked with reduced risk for colorectal cancer (CRC) and
reduced rates of lymph node metastasis in patients with CRC.20 These contradictory findings suggest that this
rs145204276 polymorphism may play a tumor type-specific role in the onset and progression of the disease. In this
study, we found that there was also a relationship between the GAS5 rs145204276 indel polymorphism and a reduced
risk for RCC. Previously, Wang et al had reported that GAS5 promoter region rs55829688 polymorphism was linked
with a reduced risk for CRC;45 however, in the present study, we found no significant relationship between the allele
frequencies of rs55829688 polymorphism and risk for RCC.

In most patients, the development of RCC is thought to result from a confluence of complex interactions between the
genetic and environmental variables; however, these interactions are not completely understood. There is epidemiological
evidence, which indicates that there is a strong association between smoking, obesity, hypertension, chronic kidney
disease and an elevated risk for RCC.46 Smoking, in particular, is independently associated with a risk for RCC, with
a direct relationship between smoking duration and risk for RCC that only declines following smoking cessation.47 The
smoking frequency has also been linked to both the onset as well as the development of more advanced RCC.48 Smoking
results in immunosuppression, which allows the nascent RCC cells to escape immune detection, thus resulting in an
increase in RCC frequency among smokers.49 Epidemiological studies also show a significant relationship between age
and RCC incidence, with older individuals exhibiting significantly increased rates of RCC.46 Consistent with these
results, the subgroup analyses of our participant cohorts revealed that younger individuals and nonsmokers of particular
genotypes were at a significantly lower risk for RCC. Thus, the risk for developing RCC was derived from complex
interactions between the environmental and genetic factors.

Functional lncRNA SNPs induce changes in either the expression or the function of these lncRNAs, thereby
influencing their interactions with target genes, and potentially influencing disease risk. The GAS5 promoter region
rs145204276 indel polymorphism is known to modulate GAS5 expression due to alterations in methylation in the GAS5

Figure 2 The effect of rs145204267 on GAS5 transcriptional activity shown by luciferase reporter assay. The constructs containing rs145204267 ins or del allele were
inserted into the pGL3-basic vector. A498 and HK-2 cells were transfected with the pGL3-basic vector, pGL3-Ins, or pGL3-del, and relative luciferase activity was measured
by dual-luciferase reporter assay 24 hours post-transfection. Data are presented as mean ± standard error (*P < 0.05, **P < 0.01).
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promoter region.29,50 Tang et al found that the rs145204276 del allele was bound by the SP1 transcription factor, leading
to enhanced promoter activity and consequently elevated expression of GAS5 that resulted in an elevated risk for breast
cancer.51 Similarly, Yuan et al found that GAS5 indel polymorphisms were associated with impaired binding of TFAP2A
to the promoter region, leading to increased expression of GAS5, which is, in turn, was associated with an elevated risk
for gliomas.52 Several other reports showed that the GAS5 rs55829688 T>C polymorphism altered YY1 binding to the
promoter region, thereby impairing the expression of GAS5 and reducing the risk for the development of colorectal
cancer.45 Yan et al found the rs55829688 polymorphism was linked to elevated TP63 binding to this region, leading to
elevated expression of GAS5 that was associated with the development of acute myeloid leukemia (AML).53 In this
study, we found that patients with the rs145204276 del allele exhibited an elevated expression of GAS5 in the RCC
tissues. It is highly likely that the rs145204276 del allele was associated with higher transcriptional activity, thereby
leading to altered expression of GAS5 and a corresponding increased risk for RCC.

This study had several limitations. This was a retrospective analysis conducted in a Hospital; thus, there was an
inherent risk of selection bias. Additionally, this study had a relatively limited sample size, restricting its statistical power.
Furthermore, due to the lack of access to detailed follow-up data from the study participants, we were not able to fully
explore the relationship between these polymorphisms and the prognosis of the RCC patients. Finally, we need to further
explore the specific mechanisms involving the modification of the expression of GAS5 due to these GAS5 polymorph-
isms. It is also necessary to independently validate these results and determine whether they are relevant in populations
with other ethnic backgrounds.

Thus, the results of this study provide novel evidence that the GAS5 promoter region rs145204276 indel polymorph-
ism is linked with a reduced risk for RCC in the Han Chinese population. We found that the rs145204276 del allele was
associated with elevated levels of expression of GAS5 in this patient population, thereby potentially protecting against
the development of RCC. However, further Research is necessary to validate these results and to fully explore how this
functional rs145204276 polymorphism would influence the onset and progression of RCC.
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