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Abstract

Objective: The long non-coding RNA (IncRNA) growth arrest-specific transcript 5 (GAS5) plays
an important role in various tumors, and an increasing number of studies have explored the asso-
ciation of the GAS5 rs145204276 polymorphism with cancer risk with inconclusive results.
Methods: PubMed, Medline, EMBASE, Cochrane databases, and Web of Science were searched,
and nine studies involving 6107 cases and 7909 controls were deemed eligible. Odds ratios (ORs)
and corresponding 95% confidence intervals (Cls) were calculated to evaluate the relationship
between rs145204276 and cancer risk in six genetic models.

Results: The pooled results suggest that the variant allele del was not associated with overall
cancer risk. However, the subgroup analysis showed that allele del was significantly associated
with a 22% decreased risk of gastrointestinal cancer (OR =0.78, 95% CI: 0.72-0.85). Both sen-
sitivity analyses and trial sequential analyses (TSA) demonstrated that the subgroup results were
reliable and robust. Moreover, False-Positive Report Probability (FPRP) analysis indicated that the
results had true significant correlations.

Conclusion: These findings provide evidence that the GAS5 rs145204276 polymorphism
is associated with the susceptibility to gastrointestinal cancer. Further studies with different
ethnicities and larger sample sizes are warranted to confirm these results.
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Introduction

Long non-coding RNAs (IncRNAs) are a
group of functional RNAs that do not
code for protein and are more than 200
nucleotides in length.! High throughput
sequencing technology has helped identify
various IncRNAs that play important
roles in cell cycle progression, apoptosis,
epigenetics, and regulation of gene expres-
sion.”? LncRNAs can interact with DNA,
other RNAs, and proteins, as well as regu-
late the expression and function of various
genes on the epigenetic, transcriptional,
post-transcriptional, and  translational
levels.** They are a current research hot-
spot, especially in cancer research because
of their functions in tumorigenesis, cancer
progression, and metastasis.’

The gene for IncRNA growth arrest-
specific 5 (LncRNA GASS) is located at
chromosome 1q25, and the full RNA mol-
ecule is 630 nucleotides long. GASS was
identified as a tumor suppressor gene in var-
jous tumor types, including breast cancer,®
gastric cancer (GC),’ bladder cancer,® pancre-
atic cancer,9 prostate cancer,'? colorectal
cancer (CRC),]l and others. GASS expres-
sion is significantly reduced in breast cancer
samples relative to adjacent normal breast
epithelial tissues, and its expression induces
growth arrest and apoptosis of breast
cancer cell lines.® GASS expression levels
in GC are also lower compared with the
normal counterparts, and can enhance Gl
cell cycle arrest via the YBX1/p21 path-
way.” Similarly, downregulation of GAS5
promotes bladder cancer cell proliferation,®
which has also been observed in pancreatic
cancer, prostate cancer, and CRC.O M
Upregulation of GASS in digestive tumors
inhibits cancer cell proliferation, invasion,
and migration by regulating related
microRNAs (miRNAs), inhibiting
epithelial-mesenchymal transition (EMT)
processes, activating certain signaling path-
ways (PI3K/Akt, Wnt/f-cat, NF-«xB), and

inhibiting  cell  cycle  progression.'?
Therefore, GASS plays important roles in
various tumors.” 2

Single nucleotide polymorphisms (SNPs)
are one of the main types of genetic varia-
tion, and account for more than 90% of all
known polymorphisms.'> A recent study
showed that polymorphisms present in the
promoter region of IncRNA genes can
affect regulation of the RNA expression
level.'* There is a five base pair (bp) inser-
tion/deletion (indel) polymorphism
(rs145204276, AGGCA/-) in the GASS pro-
moter region, and allele del increases lucif-
erase activity and expression levels of
GAS5."> Aminian et al. found that the
del/del genotype showed protective effects
on GC risk (P=0.01) by modulating
cyclin-dependent  kinase inhibitor 1B
(p27%PY) protein expression.'® Li et al.
also observed that allele del was associated
with decreased risk of GC (P =0.005),
lymph node metastasis (P=0.01), and dis-
tant metastasis of GC,'” as well as with a
higher patient survival rate (P=0.01)."8
These characteristics of GASs
rs145204276 were also observed in CRC,"
lung cancer,” breast cancer,”’ and osteo-
sarcoma.>> However, other research
groups found that rs145204276 del allele
increased the risk of hepatocellular carcino-
ma (HCC) (P<0.01)" and glioma
(P<0.01).>* Because these controversies
require further analysis on rs145204276,
we conducted a meta-analysis to evaluate
the role of this polymorphism in various
tumors.

Materials and methods

Publication search

We performed this meta-analysis in accor-
dance with the Preferred Reporting Items
for Systematic Reviews and Meta-
Analyses (PRISMA 2020 statement) guide-
lines,>* and the protocol has been registered
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in the INPLASY database (INPLASY2
02170036). Two independent investigators
performed a literature search of the articles
found on PubMed, Medline, Cochrane
Library, EmBase, and Web of Science pub-
lished before 9 February 2020 using the

following keywords: “GAS5/growth
arrest-specific 5,7 “polymorphisms/SNP/
single nucleotide polymorphism,” and

“cancer/carcinoma/tumor/neoplasm.”  All
included studies met the following criteria:
(1) the study focused on the association
between IncRNA SNPs and cancer risk;
(2) the study was a clinical case—control
study; (3) a study with the distribution of
genotypes in controls was consistent with
Hardy—Weinberg equilibrium (HWE); and
(4) the study was published in the English
language. The exclusion criteria were: (1)
the study was a duplicate study; (2) the
study was not relevant to cancer or
IncRNA SNPs; or (3) the study had no
available data and the authors could not
be contacted. Two authors independently
reviewed the titles and abstracts. Full texts
of individual studies were then thoroughly
reviewed according to the inclusion and
exclusion criteria. A flowchart of the
detailed screening process is shown in
Figure 1.

Data extraction

Two investigators independently extracted
the data and reached a consensus regarding
all items. The following information was
extracted from the included studies: first
author’s name, year of publication, country
of origin, ethnicity, type of cancer, genotyp-
ing method, source of the control group
(population- or hospital-based), total
number of cases and controls, genotype dis-
tributions in the cases and controls, and
adjusted factors. Additionally, we catego-
rized ethnicity as Caucasian or Asian. If
the data were not stated clearly in the

paper, the corresponding author was con-
tacted for further information.

Statistical analysis

The HWE test was conducted on the allele
frequency of the control group by using the
chi-square test, and P <0.05 was consid-
ered as statistically significant disequilibri-
um. The risk of cancer associated with each
polymorphism was summarized as odds
ratios (ORs) and the 95% confidence inter-
vals (95% CI; P <0.05 was considered sta-
tistically significant) for each study. Both
the chi-square test and I° statistics were
used to examine the heterogeneity across
the included studies. When significant het-
erogeneity existed across the studies
(I?>50% or P<0.10), the random-effect
model was used for the meta-analysis.
Otherwise, the fixed-effect model was
implemented.”>*® For genotype compari-
sons, the risk of six genetic models includ-
ing the dominant model, recessive model,
additive model, homozygous model, hetero-
zygous model, and allele model was esti-
mated respectively. Subgroup analysis was
performed by type of cancer. Potential pub-
lication bias was assessed by funnel plot
and the Harbord test.”” All analyses were
performed using STATA version 12.0
(Stata Corporation, College Station, TX,
USA), and P < 0.05 of the two-tailed prob-
ability was  considered  statistically
significant.

Trial sequential analysis (TSA)

Because of systematic errors and random
errors caused by sparse data and repetitive
testing, conventional meta-analyses of
cumulative trails may include false positive
results (type I errors) and false negative
results (type II errors).”® Trial sequential
analysis (TSA) is a tool for quantifying
the statistical reliability of data to
overcome these limitations of traditional
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Figure |. Flow diagram of the study selection process.

meta-analyses.  Therefore, TSA  was
performed to control for random
errors and to assess the required sample
information.”” In TSA, we generated the
cumulative Z-curve of each study and
assessed their crossing Z-value as 1.96
(P=0.05), as well as the trial sequential
monitoring boundaries. To calculate the
optimal information size, type I error was
set at 5% and type II error was set at 20%.
The TSA was conducted by TSA program
(TSA  version 0.9 beta software,
Copenhagen Trial Unit 2011, http://www.
ctu.dk/tsa).

False-Positive Report Probability Analysis
(FPRP) and Single-tissue expression
quantitative trait loci (eQTL) in the
Genotype-Tissue Expression (GTEx)
database

FPRP analyses were performed to assess the
significant results observed in the current
study. We set an FPRP cutoff value of 0.2
and a prior probability level of 0.01 to detect
an OR of 1.5 (for risk factor) or 0.65 (for
protective factor) for an association with
genotypes. Only a significant result with an
FPRP < 0.20 was considered noteworthy.
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To evaluate the influence of the
rs145204276 polymorphism on GASS, we
searched the GTEx database to explore
the association between this polymorphism
and GASS expression levels (dbGaP
Accession phs000424.v8.p2).

Results

Characteristics of the eligible studies

Seventeen articles met our inclusion crite-
ria, but eight studies were excluded for the
following reasons: studies that focused on
other SNP sites in GAS5,%3% review
articles,'>** a study related to chemoradio-
therapy, and a duplicate study.'” The
remaining nine case-control studies were
included in  this meta-analysis.'> >}
The selection process is summarized in
Figure 1, and the characteristics of the
included studies are shown in Table 1.
There were a total of 6107 cases and 7909
controls included in our meta-analysis.
Among these, there were two studies on
GC'"®"™ and one study each on CRC,"
lung cancer,”” breast cancer,”! HCC,'® osteo-
sarcoma,” glioma,” and prostate cancer.*®
For genotyping methods, amplification-
refractory  mutation  system—polymerase
chain reaction (ARMS-PCR) was used in
one study,'® MassArray was applied in
another study,” and real-time PCR was
used in the other studies. The P-value of the
HWE test was more than 0.05 in all the stud-
ies. The genotype frequency distribution of
rs145204276 involved in the nine included
studies are also presented in Table 1.

The association between GAS5
rs145204276 and overall cancer
susceptibility

There were nine studies involving 6107

cancer patients and 7909 controls that
investigated the association between

rs145204276 and cancer risk. As shown in
Table 2, the pooled results indicated that
GASS5 polymorphism rs145204276 was not
associated with overall cancer risk in any
of the five genetic models (Figure 2): domi-
nant model: OR =0.86, 95% CI: 0.69-1.07;
recessive model: OR =0.93, 95% CI: 0.68—
1.28; additive model: OR=1.13, 95% CI:
1.00-1.28; heterozygote model: OR =0.86,
95% CI: 0.71-1.04; and homozygote
model: OR=0.87, 95% CI. 0.59-1.29.
When pooled together, the GASS allele del
was not associated with the overall cancer
susceptibility (OR=0.89, 95% CI: 0.74—
1.08). Significant heterogeneity existed
across the studies (I>>50%, shown in
Table 2), so the random-effect model was
used for the meta-analysis here.

The association between GAS5
rs145204276 and gastrointestinal cancer
susceptibility

Because of significant heterogeneity, sub-
group analyses were conducted based on
cancer type. In the gastrointestinal cancer
subgroup, 2783 patients and 2984 controls
were included in three studies estimating the
association between rs145204276 and gas-
trointestinal cancer risk.'®!®!* The pooled
OR suggested that rs145204276 was signif-
icantly associated with a decreased risk of
gastrointestinal cancer (Figure 2) in the
dominant model (OR= 0.74, 95% CI
0.67-0.82), recessive model (OR =0.72, 95%
CI: 0.60-0.87), additive model (OR =1.23,
95% CI: 1.11-1.37), heterozygote model
(OR =0.76, 95% CI: 0.68-0.85), and homo-
zygote model (OR=0.64, 95% CI: 0.53-
0.78). The pooled OR indicated that the var-
iant GASS allele del was significantly associ-
ated with a 22% decreased risk of
gastrointestinal cancer (OR =0.78, 95% CI:
0.72-0.85). For this analysis, the I* was 0%
and P > 0.1 (shown in Table 2), so no obvious



Journal of International Medical Research

‘uonoeau ureyd asesdwA|od — waisAs uoneinw Aioideasl-uonedyiidwe YO d-SWYY Sndia g sniedsy ‘AgH ‘pauonusw jou ‘LN ‘wsiydiowdjod yadus)
JuswWSel) UOMDIIISAI-IIS UONDLISAL DIBAUD 14Y-SYD ‘wsiydiowd|od yadua| JuswSely uondLiasal-uonsead ureyd asesdwAjod J14y-Ydd ‘paseq uonendod ‘gd ‘paseq [endsoy ‘gH

sniels
Supjows pue Niol J9dued
[oyod[e ‘xas ‘98¢ 9/°0 716 8881 YL 9T0T  ISI 019  6€9 TII 0SS 8EL 00kl 00F| duwmn-|eay [e333.40]0D aH ueisy BulyD 9107 A ‘Busyz
xas pue 38e  {°0 95F ¥811 TOE 90§ SS9 9E  6ly 5 86l  #SI 078 ¥0p Aeliyssel Bwol9 aH uelsy eulys 810¢ [ ‘ueny
YDod
WN 897099/ S.L1 T9 ToT Il €S 919 ol 08 0LT1 TE|l Bwni-esy  BWOIIBSONSO aH uelsy eulyd 810¢ 1 ‘nX
uondayul
AgH pue a3e1s
Jowns ‘Supjurip Niol NERITI:S)
‘Bupjows ‘a3e ‘x3s  90°0 TE9 9Lk 09/ 8OE| 8 8% ¥0S Okl 08y ¥I¥  HSOI HEOI dwn-Edy  Jenjpd0leday dad uelsy eulyd 910C o ‘oeL
aydJeusw Nio )}
e a8e pue dde £6'0 $8E 618 01€ O¥8 9 19T 6LT Sy 0T O0l¢€ 09 S§LS Puwn-esy -J93ued 3sea.g aH uelsy eulyd 810t ‘A ‘Buel
dDod
WN TL0¥Iy ¥¥L08E 8LL L 0LT  LET ¥9 ST €9C 6/S 6LG Pwh-[esy  JISd5ued IS0 WN UBISY BUIYD 10T A D ‘U
smeas 3upjows Niol
pue xas ‘93¢ /00 91¥ 8L 9SE ¥¥8 9 6t 9T & 0LC /8T 009 009 Pwnh-eay Jadued 8Un ad uelsy euly3 £10C M T
YDod
WN 8€0 6£8 6981 659 /¥8]  €TI €65  8€9 88 €8F 789  PSEI €GCI Bwni-edy  JIdued DLISED ad uelsy eulyd 810t Tomn
YDod
xas pue 98¢ /70 bCl 9€€ 8F TIT 0¢ ¥8 9l 9 9¢ 88 0€C 0€l  -SWYV-L  J93ued dLised) gd ueiseone)  ued| 8107 ) ‘Ueluiwy
540108} paasnipy JAAH [9P  SUl [9p  Sul [9p/[9P [9p/sul sul /sul [9p/|9P [9P/SUl Sul/sul [0JIUOD) dseD) poysw J9oue) dnoug  Adiuyag uoiSey Jesp Joyainy
Suidhious |o43u0d
|oJauoD ase) joauoD ased) JO 924n0g
EIET(\Y uonnqLisip Suidliousny

‘saipnas 9|qi33 jo suonnguiasip Aduanbauy adAiousg 9/7H0TSH ]S4 PUR SdnsLIRIdEIRYD *| d|qeL



Zhao et al.

‘[EAIDIUI SDUSPHUOD ‘| ‘0. SPPO YO
1591 A12ua30.913Y 3 JO BN[BA-dy ‘G0'0 > d J! PIOG Ul 2Jk S} Nsad 3y 910N

(suy/sur “sa

Yo 170 I 0 ¥90 100°0> 8L0 ‘€50 +9°0 980 6.0 90 68 1000> 640 671 650 £80 I9p/I2p) 93084zOWOH
(su/sur sA

€10 2¢I'0 €0 0 +90 100°0> S80 ‘890 9/0 SL0 ¥L0 T60 1'€8 1000> TI0 ¥0'I ‘1L0 980 |9p/sut) 9308Az0.939H
(19p/sut 'sA

€00 €T0 €0 0 S0 100°0> LE'1 ‘111 €T 190 850 T60 €59 €000 900 8T ‘001 €1°1  [9P/I9p-+sul/sur) SARIPPY
(1op/sur-+suysui

€0 £[T0 I 0 €£0 1000 /80090 TLO 180 £L0 T6O S€8 1000> £90 8T 890 €60 'SA [9P/|9P) dAIssaIY
(suy/sur “sa

9¢0 STO0 €0 0 +50 100°0> T80 ‘L90 ¥L0 80 6L0 90 168 1000> LI'0 L0l ‘690 980 [SP/I9P+[op/sul) 3ueuiwoQ

£00 900 I 0 T¥0 100°0> S80TL0 8L0 SL0 1£0 90 +16 1000> +T0 80l ¥L0 680 (su1 “sA [9p) dp9|IY

pioqioH 4333 8859 (%) ,1 4 39Ud d D %56 YO piogoH 12333 33g (%) J +3®Ud 4 1D %56 YO SELEIN

(g =N) 49dued |RUNSIIUIOIISED) (6=N) Il_42AO

ISl J9DUBD PUB 9/TH0TSH | S USSMIDQ UONEBIDOSSE U1 JO SisA[eue-e1a]| T d|qeL



Journal of International Medical Research

(a)

Susdy %
i OR (95%Cl)  Weight

Gastrointestinal cancers

Aminian (2018} - 0,61 (0.42, 0.59)8 46
Li(2018) — 0.79 (0.70, 0.50)12.05
Zheng (2016) — 0.79 {0.71, 0ETNL11
‘Subtotal (-squarcd = 0.0%, p = 0.424) <> | 0.78 (0.72, 0.5)32.63

Non-gastroiniestinal cancers

(b)

Study %
] OR (S CI) Weight

Gastrainiestinal cancers.
Amisian (2014) 058037, 091) 842

Li(208) —— 0.75 (064, DXT) 1224
Zheng (2016) —_— 075 (063,087 12,30
Subtoial (I-squared = 0.0%. p = 0.344) Q 0.74 (67, 0ET) 3296

Pon-gastroimestinl cancers

Li(2017) —_— 0.79 (0.67, 0.94)11 45 Li2oi7) —_— 076 (0, 095) 1142
Tang (2018} —_— Tang (1015) —_— 074 (055,083} 1141
Tao (2015) i —— Too {2015 ! —— LIT(LIS L) 1205
Xu (2018} —r—y Xu (2018) —_— 060 (42, DSK) 957
Yusn (2018) i e 135130, 1851139 Yumn (2005) ; —_— (33,206 1M
Lin (2019) —_— 0.38 (0.74, 1.04)11.48 Ling2019) - 083066, 105) 1136
Subtotal (l-squared = 92.2%, p=0.000) -::_‘_‘_::- 0.98 (0.75, L.26)67.37 Subotal (l-squarcd = 90.5%, p = 0.000) ==L == 054 (069, 1.29) 6704
Oveall (1-squared = #1.4%, p = 0.000) <—__—p= 0,59 (074, 1.08)160.00 Overill (haquared = #9,1%, p=0000) < =P 086 (069, 107) 100,00
NOTE: Weights are from random effects analygis INOTE: Weights are from resdom effects analysis ;

T T T T

. 1 2 ¥ 1 25

(© @

Stady % Stady %
n OR (955 T Weight [ OR(95% CI) Weight
Gastroivtestinal cancers { Gastrointestinal cancers |
Amininn (201§} r— 051 (020, L30) 625 Aminian (2018) T 1.50(0.94,240) 520
Li (2018) —— 076 (157, 101) 12,76 Li 2018} —— 124 (106, 1 45) 14.35
Zheny (2016) —_— (072 (1.56,0.93) 13,02 Zheng (2016) —— LI9(1.03, 1.39) 14.59
Subsotal {l-squared = 008, p=0.727) <! 072 (060, 0.67) 32.03 Subictal (1-squared = 0.0%, p = 0.647) <> 123 (111, 1.37) 34,15
MNon-gastrointestinal cancers. 1 Non-gastroiniestinl cancers i
Li (2007) — 067 (045, 1L01) 11,50 Ligaoi7y e 116(0.92, 1.45) 11.54
Tang (201%) et 074 (049, 111} 11,55 Tang (2018} 1 1.24 (0.9, 1.56) 11.32
Tan {2015 Y o—— 1860139247 1234 Tao (2015) — 0.92 (078, 1.10) 1371
Xu (2015) _ 086 (44, L6B) £.59 Xu (2018) e 160(108,235) 684
Yuam (2015) | ——— 205038108 ns Vuan (2018) —| 0.76 (10,60, 0.96) 1108
Lin(2019) —_— 088 (01, 1.25) 12,02 Lin {20193 o 1.13 (090, 1.43) 1137
Subsotal {[-squared = B4.9%, p = 0.000) =1 = 108 (071, 1.63) 67,97 Subtotal (1-squared = 70.4%, p = 0.005) <> 108 (0.90, 1.29) 65,85
Overall {l-squared = B3.5%, p= 0.000) = 0.93 (D68, 126) 100.00 Overall (I-squared = 65.3%, p = 0.005) > 103 (100, 1.28) 100.00
INOTE: Wasights s froen random effects analysis | W“’ .

T T

s i 35 5 1 25
(e) (f)

Sy % Study *
] ORGSO Weight ] OR (3% C1 Weight
Gastrointestinal cancers Gastroissestinal cancers
Aminian (2015) 061 (035,059) 739 i 043017, 111 748
Li 2018 —_— O76(0.65,000) 1282 Li (2018 —_— 0.67 (030, 0.50) 1228
Zheng (2016} —_— DTE(.67,0.90) 1290 Zheng (2016} — 0,64 (149, 084) 1243
Subeotal (I-squared = 0%, p=0642) < DI6 (068, 0.85) 2311 Subtosad {1-squared = 0.0%, p=0.683) <> | 064 (133, 078) 3210
Narv-gastroisscstinal cancers Moe-gastroinsestinal cancers
Lii2017) B D703, 100) 1154 Li o1 — 059 (0.39,091) 1144
Tg (2018) —_— DT6(0.60,097) 1147 Tung (2018) _— 065 (043,099 1150
Ton (2015) —_— LI5(L04, 1.50) 1250 Taa (2015) ; —— 254,21 1224
Xu (2018) —_— 060 (0.40,0.88) £75 X (2015) —_— 0.63(035, 138 943
Yus (2018) ————  L5(L2L200) 1123 Yuan (2018) ; —— 287(189,352) 1146
Lin (2019) — 0S4 (0.66, 1.08) 1139 Lin{2019) — 080033, 117y 11,78
Subnotal (l-squared = £5.6%, p= 00K === 63 (071, 1.21) 6650 Subtotsl (1-squared = 90 1%, p=0000) == | = 104 (h81, 178) 67,81
Overall (lsquared = B3,1%,p = 0000y == 086 (071, 1.04) 10000 Chverall (l-squared = B9.0% p = 0000} =__[== 087 (059, 129) 100,00
NOTE: Weights are fram random effects ssalysis NCHTE: Welghts are from mndom effecss sealysis

T T T T

3s 1 z as 1 4

Figure 2. Forest plots of the relationship between the GAS5 rs145204276 polymorphism and cancer risk
and the subgroup analysis. (a) Allele contrast (del vs. ins). (b) Dominant model (del/del + del/ins vs. ins/ins).
(c) Recessive model (del/del vs. del/ins + ins/ins). (d) Additive model (del/del + ins/ins vs. del/ins).

(e) Heterozygote model (del/ins vs. ins/ins). (f) Homozygote model (del/del vs. ins/ins).

heterogeneity was observed across the studies
and the fixed-effect model was used.
Sensitivity analyses were conducted by
omitting a single study in each turn to sub-
stantiate the stability of significant results,

which showed that all the pooled ORs were
essentially unchanged (Figure 3).
Additionally, in TSA, the Z-curve crossed
the trial sequential monitoring boundary
and reached the required information size
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Figure 3. Sensitivity analyses of the relationship between the GAS5 rs145204276 polymorphism and the
risk of gastrointestinal cancer. (a) Allele contrast (del vs. ins). (b) Dominant model (del/del+del/ins vs. ins/
ins). (c) Recessive model (del/del vs. del/ins + ins/ins). (d) Additive model (del/del+ins/ins vs. del/ins).

(e) Heterozygote model (del/ins vs. ins/ins). (f) Homozygote model (del/del vs. ins/ins).

in all models, which demonstrated the sub-
group results were reliable (Figure 4).
Moreover, the significant results were also
further assessed by the FPRP test. As dem-
onstrated in Table 3, for a prior probability
setting at 0.01, the FPRP values were all
less than the cut-off value of 0.20 in those
significant findings, indicating that these
were truly significant correlations.

Publication bias

No statistically significant publication bias
was found in any of the genetic models in
the present study (Table 2). Taking the
allele model data as an example, the modi-
fied Harbord test and Begg’s funnel plot
showed no evidence of publication bias
(P>0.05, Figure 5).
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Figure 4. Trial sequential analyses of the relationship between the GAS5 rs145204276 polymorphism and
the risk of gastrointestinal cancer. (a) Allele contrast (del vs. ins). (b) Dominant model (del/del-+del/ins vs.
ins/ins). (c) Recessive model (del/del vs. del/ins + ins/ins). (d) Additive model (del/del+ins/ins vs. del/ins).
(e) Heterozygote model (del/ins vs. ins/ins). (f) Homozygote model (del/del vs. ins/ins).

Single-tissue eQTLs in the GTEx database

According to the GTEx portal data, as
illustrated in Figure 6, the mutant allele of
rs145204276 led to a dose-dependent upre-
gulated expression of GASS in different tis-
sues and cell lines.

Discussion

Recently, an increasing number of studies
have explored the associations of GASS5
polymorphisms with cancer risk, but had
inconclusive results. In the current analysis,
we statistically summarized the association
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Table 3. False-positive report probability values for associations between rs145204276 polymorphisms and

gastrointestinal cancer risk.

Prior probability

Site Gene models OR 95%ClI P Power 0.25 0.1 0.01 0.001
rs145204276 Allele (del vs. ins) 0.78 0.72-0.85 <0.001 087 <0.001 <0.001 0.0l 0.11
Dominant 0.74 0.67-0.82 <0.001 099 <0.001 <0.001 <0.001 <0.001l
(ins/del+del/del
vs. ins/ins)
Recessive 0.72 0.60-87  0.001 0.86 0.002  0.007 0.07 0.44
(del/del vs.
ins/ins+ins/del)
Additive 123 1.11-1.37 <0.001 1.00 <0.001 0.002 0.02 0.14
(ins/ins+del/del
vs. ins/del)
Heterozygote 0.76 0.68-0.85 <0.001 1.00 <0.001 <0.001 <0.001 0.002
(ins/del vs. ins/ins)
Homozygote 0.64 0.53-0.78 <0.001 044 <0.001 <0.001 0.002 0.02

(del/del vs. ins/ins)

OR, odds ratio; Cl, confidence interval.

between IncRNA GASS polymorphism
rs145204276 and cancer risk based on the
currently published data. After strict
screening of the current literature, we
included eight studies for this quantitative
analysis. The results indicated that the var-
iant allele del of GASS5 was not associated
with overall cancer risk. However, the sub-
group analysis showed that allele del was
significantly associated with a 22%
decreased risk of gastrointestinal cancer.
GASS is a newly discovered IncRNA
that has attracted recent attention and
plays an important role in the development
of tumors. The mechanism behind these
observations is still unclear, and various
tumors possibly have different mechanisms.
In prostate cancer, GASS5 may bind directly
to transcription factor E2F1 and then acti-
vate the p27%P! promoter, which mainly
inhibits the Cdk2-Cyclin E complex and
thus induces a cell cycle arrest in the GO-
G1 phase.’” GASS5 in GC may enhance G1
cell cycle arrest via the YBX1/p2l path-
way.” GASS5 may also inhibit miRNAs

and then regulate their target genes, as
well as tumor functions. Examples include
miR-103/PTEN in endometrial cancer,®®
miR-196a and miR-205 in cervical
cancer,” and miR-21/PTEN in non-small
cell lung cancer (NSCLC).* Studies have
shown that the presence of rs145204276
del/del significantly activated GASS pro-
moter activity.'>!” Consistent with previous
studies,*' our GTEx portal database analy-
sis showed that the mutant allele of
rs145204276 led to a dose-dependent upre-
gulation of GASS expression, which plays
an important role in cancer development.
Although two studies have reported that
the GASS ins/del polymorphism was asso-
ciated with a predisposition to GC, the
findings were not robust.**** In the present
study, we conducted meta-analyses, in addi-
tion to TSA analyses, FPRP tests, and
single-tissue eQTLs. These results strongly
demonstrated that GASS polymorphism
rs145204276 is associated with the
susceptibility to gastrointestinal cancer.
Additionally, several meta-analyses
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Figure 5. Harbord test and Begg’s funnel plot of the relationship between the GAS5 rs145204276

polymorphism allele model and cancer risk.

evaluated the diagnostic and prognostic
values of GASS5. Li et al. conducted a
meta-analysis, which  suggested that
decreased GASS5 expression was associated
with unfavorable overall survival (OS)
(HR =2.50, 95% CI: 1.85-3.38, P <0.001)
and disease-free survival (DFS) (HR =2.24,
95% CI: 1.58-3.18, P<0.001) in several
tumor types.>> Similar conclusions were
drawn in other meta-analyses in bladder
cancer,* lung cancer,*> and other cancer
types.*®*” The 5 bp indel polymorphism
rs145204276 in the promoter region of

GASS can regulate the expression of
GAS5 and thus its multiple biological
functions.

In our current meta-analysis, we did not
identify a significant relationship between
the rs145204276 polymorphism and overall
cancer risk. This is possibly caused by the
variety of cancer types and the heterogene-
ity among the different tumors. Tao et al.'
found that rs145204276 could regulate the
expression of GASS and thus significantly
increase the risk of HCC. Similarly, Yuan
et al.® reported that rs145204276 was
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Figure 6. Genotype-tissue expression analysis of rs145204276 in the GTEx database.

significantly associated with elevated risk of
glioma. However, the other studies included
showed that rs145204276 was associated
with decreased risk of cancers. Taken
together, the pooled meta-analysis results
are negative for overall cancer susceptibili-
ty. Second, these studies contained a small
sample size for overall cancer risk and may
not be sufficiently large to reach a solid
conclusion. According to the TSA results,
the cumulative Z-curve did not cross any of
the sequential monitoring boundaries or
enter the futility area in any of the five
models (data not shown), which indicated
that additional well-designed studies are

needed for stronger conclusions. Three
studies'®'”" included  gastrointestinal
cancer cases, so we conducted a subgroup
analysis stratified by cancer site. The sub-
group results revealed that the variant
GASS allele del was significantly associated
with a 22% decreased risk of gastrointesti-
nal cancer, indicating a tumor-suppressive
role of the GASS allele del in gastrointesti-
nal cancer. Furthermore, the TSA results
showed that the Z-curve crossed the trial
sequential monitoring boundary and
reached the required information size in
all models, while the FPRP values were all
less than the cut-off value. These findings
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both demonstrated that the results were
reliable.

The current quantitative analysis
explored the effect of the rs145204276 poly-
morphism on cancer risk for the first time.
However, there are several limitations in
our study. First, significant heterogeneity
was observed among the included studies.
In addition, studies not published in
English were excluded, which may lead to
potential publication bias. However, no sta-
tistically significant publication bias was
shown in any of the genetic models.
Furthermore, the sample size of the eligible
reports was not large, which could result in
decreased statistical power and increase the
probability of random errors. More impor-
tantly, the majority of the subjects were
Asian, so our results should be cautiously
interpreted and implied when it comes to
other ethnicities. Thus, well-conducted
studies with larger sample sizes are needed
to further explore the cancer risks associat-
ed with the GASS rs145204276 polymor-
phism, especially in Caucasians.

Conclusions

Despite these limitations, this meta-analysis
indicates that the GASS rs145204276 allele
del polymorphism was significantly associ-
ated with a decreased risk of gastrointesti-
nal cancer in all five genetic models
examined. Our study provides a theoretical
basis and research direction for future stud-
ies. More rigorous studies in patients of dif-
ferent ethnicities and with a larger sample
size are warranted to confirm our results.
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