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Abstract

Objective: The long non-coding RNA (lncRNA) 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 (CIs) 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 (OR¼ 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 (lncRNAs) are a
group of functional RNAs that do not
code for protein and are more than 200
nucleotides in length.1 High throughput
sequencing technology has helped identify
various lncRNAs that play important
roles in cell cycle progression, apoptosis,
epigenetics, and regulation of gene expres-
sion.2,3 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.3,4 They are a current research hot-
spot, especially in cancer research because
of their functions in tumorigenesis, cancer
progression, and metastasis.5

The gene for lncRNA growth arrest-
specific 5 (LncRNA GAS5) is located at
chromosome 1q25, and the full RNA mol-
ecule is 630 nucleotides long. GAS5 was
identified as a tumor suppressor gene in var-
ious tumor types, including breast cancer,6

gastric cancer (GC),7 bladder cancer,8 pancre-
atic cancer,9 prostate cancer,10 colorectal
cancer (CRC),11 and others. GAS5 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.6 GAS5 expression levels
in GC are also lower compared with the
normal counterparts, and can enhance G1
cell cycle arrest via the YBX1/p21 path-
way.7 Similarly, downregulation of GAS5
promotes bladder cancer cell proliferation,8

which has also been observed in pancreatic
cancer, prostate cancer, and CRC.9–11

Upregulation of GAS5 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/b-cat, NF-jB), and

inhibiting cell cycle progression.12

Therefore, GAS5 plays important roles in
various tumors.9–12

Single nucleotide polymorphisms (SNPs)
are one of the main types of genetic varia-
tion, and account for more than 90% of all
known polymorphisms.13 A recent study
showed that polymorphisms present in the
promoter region of lncRNA genes can
affect regulation of the RNA expression
level.14 There is a five base pair (bp) inser-
tion/deletion (indel) polymorphism
(rs145204276, AGGCA/-) in the GAS5 pro-
moter region, and allele del increases lucif-
erase activity and expression levels of
GAS5.15 Aminian et al. found that the
del/del genotype showed protective effects
on GC risk (P¼ 0.01) by modulating
cyclin-dependent kinase inhibitor 1B
(p27Kip1) protein expression.16 Li et al.
also observed that allele del was associated
with decreased risk of GC (P¼ 0.005),
lymph node metastasis (P¼ 0.01), and dis-
tant metastasis of GC,17 as well as with a
higher patient survival rate (P¼ 0.01).18

These characteristics of GAS5
rs145204276 were also observed in CRC,19

lung cancer,20 breast cancer,21 and osteo-
sarcoma.22 However, other research
groups found that rs145204276 del allele
increased the risk of hepatocellular carcino-
ma (HCC) (P< 0.01)15 and glioma
(P< 0.01).23 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,24 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,” “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 lncRNA 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

lncRNA 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 I2 statistics were

used to examine the heterogeneity across

the included studies. When significant het-

erogeneity existed across the studies

(I2> 50% or P< 0.10), the random-effect

model was used for the meta-analysis.

Otherwise, the fixed-effect model was

implemented.25,26 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.27 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).28 Trial sequential

analysis (TSA) is a tool for quantifying

the statistical reliability of data to

overcome these limitations of traditional

Zhao et al. 3



meta-analyses. Therefore, TSA was
performed to control for random
errors and to assess the required sample
information.29 In TSA, we generated the
cumulative Z-curve of each study and
assessed their crossing Z-value as 1.96
(P¼ 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.

Figure 1. Flow diagram of the study selection process.
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To evaluate the influence of the
rs145204276 polymorphism on GAS5, we
searched the GTEx database to explore
the association between this polymorphism
and GAS5 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 GAS5,30–33 review
articles,12,34 a study related to chemoradio-
therapy,35 and a duplicate study.17 The
remaining nine case-control studies were
included in this meta-analysis.15–23

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
GC16–18 and one study each on CRC,19

lung cancer,20 breast cancer,21 HCC,15 osteo-
sarcoma,22 glioma,23 and prostate cancer.36

For genotyping methods, amplification-
refractory mutation system–polymerase
chain reaction (ARMS-PCR) was used in
one study,16 MassArray was applied in
another study,23 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

GAS5 polymorphism rs145204276 was not

associated with overall cancer risk in any

of the five genetic models (Figure 2): domi-

nant model: OR¼ 0.86, 95% CI: 0.69–1.07;

recessive model: OR¼ 0.93, 95% CI: 0.68–

1.28; additive model: OR¼ 1.13, 95% CI:

1.00–1.28; heterozygote model: OR¼ 0.86,

95% CI: 0.71–1.04; and homozygote

model: OR¼ 0.87, 95% CI: 0.59–1.29.

When pooled together, the GAS5 allele del

was not associated with the overall cancer

susceptibility (OR¼ 0.89, 95% CI: 0.74–

1.08). Significant heterogeneity existed

across the studies (I2> 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.16,18,19 The pooled

OR suggested that rs145204276 was signif-

icantly associated with a decreased risk of

gastrointestinal cancer (Figure 2) in the

dominant model (OR¼ 0.74, 95% CI:

0.67–0.82), recessive model (OR¼ 0.72, 95%

CI: 0.60–0.87), additive model (OR¼ 1.23,

95% CI: 1.11–1.37), heterozygote model

(OR¼ 0.76, 95% CI: 0.68–0.85), and homo-

zygote model (OR¼ 0.64, 95% CI: 0.53–

0.78). The pooled OR indicated that the var-

iant GAS5 allele del was significantly associ-

ated with a 22% decreased risk of

gastrointestinal cancer (OR¼ 0.78, 95% CI:

0.72–0.85). For this analysis, the I2 was 0%

and P> 0.1 (shown in Table 2), so no obvious
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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

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/delþ del/ins vs. ins/ins).
(c) Recessive model (del/del vs. del/ins þ ins/ins). (d) Additive model (del/delþ ins/ins vs. del/ins).
(e) Heterozygote model (del/ins vs. ins/ins). (f) Homozygote model (del/del vs. ins/ins).
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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).

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/delþdel/ins vs. ins/
ins). (c) Recessive model (del/del vs. del/insþ ins/ins). (d) Additive model (del/delþins/ins vs. del/ins).
(e) Heterozygote model (del/ins vs. ins/ins). (f) Homozygote model (del/del vs. ins/ins).
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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 GAS5 in different tis-

sues and cell lines.

Discussion

Recently, an increasing number of studies

have explored the associations of GAS5

polymorphisms with cancer risk, but had

inconclusive results. In the current analysis,

we statistically summarized the association

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/delþdel/ins vs.
ins/ins). (c) Recessive model (del/del vs. del/insþ ins/ins). (d) Additive model (del/delþins/ins vs. del/ins).
(e) Heterozygote model (del/ins vs. ins/ins). (f) Homozygote model (del/del vs. ins/ins).
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between lncRNA GAS5 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 GAS5 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.
GAS5 is a newly discovered lncRNA

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, GAS5 may bind directly

to transcription factor E2F1 and then acti-

vate the p27Kip1 promoter, which mainly

inhibits the Cdk2-Cyclin E complex and

thus induces a cell cycle arrest in the G0-

G1 phase.37 GAS5 in GC may enhance G1

cell cycle arrest via the YBX1/p21 path-

way.7 GAS5 may also inhibit miRNAs

and then regulate their target genes, as

well as tumor functions. Examples include

miR-103/PTEN in endometrial cancer,38

miR-196a and miR-205 in cervical

cancer,39 and miR-21/PTEN in non-small

cell lung cancer (NSCLC).40 Studies have

shown that the presence of rs145204276

del/del significantly activated GAS5 pro-

moter activity.15,19 Consistent with previous

studies,41 our GTEx portal database analy-

sis showed that the mutant allele of

rs145204276 led to a dose-dependent upre-

gulation of GAS5 expression, which plays

an important role in cancer development.
Although two studies have reported that

the GAS5 ins/del polymorphism was asso-

ciated with a predisposition to GC, the

findings were not robust.42,43 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 GAS5 polymorphism

rs145204276 is associated with the

susceptibility to gastrointestinal cancer.

Additionally, several meta-analyses

Table 3. False-positive report probability values for associations between rs145204276 polymorphisms and
gastrointestinal cancer risk.

Site Gene models OR 95% CI P Power

Prior probability

0.25 0.1 0.01 0.001

rs145204276 Allele (del vs. ins) 0.78 0.72–0.85 <0.001 0.87 <0.001 <0.001 0.01 0.11

Dominant

(ins/delþdel/del

vs. ins/ins)

0.74 0.67–0.82 <0.001 0.99 <0.001 <0.001 <0.001 <0.001

Recessive

(del/del vs.

ins/insþins/del)

0.72 0.60–.87 0.001 0.86 0.002 0.007 0.07 0.44

Additive

(ins/insþdel/del

vs. ins/del)

1.23 1.11–1.37 <0.001 1.00 <0.001 0.002 0.02 0.14

Heterozygote

(ins/del vs. ins/ins)

0.76 0.68–0.85 <0.001 1.00 <0.001 <0.001 <0.001 0.002

Homozygote

(del/del vs. ins/ins)

0.64 0.53–0.78 <0.001 0.44 <0.001 <0.001 0.002 0.02

OR, odds ratio; CI, confidence interval.
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evaluated the diagnostic and prognostic
values of GAS5. Li et al. conducted a
meta-analysis, which suggested that
decreased GAS5 expression was associated
with unfavorable overall survival (OS)
(HR¼ 2.50, 95% CI: 1.85–3.38, P< 0.001)
and disease-free survival (DFS) (HR¼ 2.24,
95% CI: 1.58–3.18, P< 0.001) in several
tumor types.32 Similar conclusions were
drawn in other meta-analyses in bladder
cancer,44 lung cancer,45 and other cancer
types.46,47 The 5 bp indel polymorphism
rs145204276 in the promoter region of

GAS5 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.15

found that rs145204276 could regulate the
expression of GAS5 and thus significantly
increase the risk of HCC. Similarly, Yuan
et al.23 reported that rs145204276 was

Figure 5. Harbord test and Begg’s funnel plot of the relationship between the GAS5 rs145204276
polymorphism allele model and cancer risk.
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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

studies16,17,19 included gastrointestinal

cancer cases, so we conducted a subgroup

analysis stratified by cancer site. The sub-

group results revealed that the variant

GAS5 allele del was significantly associated

with a 22% decreased risk of gastrointesti-

nal cancer, indicating a tumor-suppressive

role of the GAS5 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

Figure 6. Genotype-tissue expression analysis of rs145204276 in the GTEx database.
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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 GAS5 rs145204276 polymor-

phism, especially in Caucasians.

Conclusions

Despite these limitations, this meta-analysis

indicates that the GAS5 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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