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Summary

Purpose: Previous studies have identified the association
between single nucleotide polymorphisms (SNPs) of long
non-coding RNA (IncRNA) HOX transcript antisense RNA
(HOTAIR) and various cancers risk. Herein, we conducted a
meta-analysis to investigate the effects of HOTAIR polymor-
phisms on multiple cancers risk.

Methods: Relevant studies published from July 2014 to Oc-
tober 2017 were identified in the PubMed, EmBase and Web
of Science databases. A total of 21 studies including 13,675
cases and 16,306 controls were selected, and the genotypes
were mainly confirmed by TagMan allelic discrimination and
PCR-RFLP. Meta-analysis was conducted by STATA 12.0
software and odds ratios (ORs) with their 95% confidence
interval (95% CI) were used to estimate the associations be-
tween HOTAIR polymorphisms and multiple cancers risk.

Results: Twenty-one case-control studies with 13,675 cases

Introduction

The genome sequencing projects have shown
that less than 2% of the mammalian genome is in
protein-encoded regions, and more than 90% of the
genome is transcribed as noncoding RNAs (ncR-
NAs) [1,2].These ncRNAs are classified as short and
long ncRNAs based on the length of nucleotides
(nt). Long non-coding RNAs (IncRNAs) are longer

and 16,306 controls met our inclusion criteria. Our results
showed a significant association between HOTAIR rs920778
polymorphism and increased cancer risk under all five ge-
netic models, as well as in Asians subgroup analysis based
on ethnicity, digestive and gynecologic cancer group based on
cancer type. For rs12826786 C>T polymorphism, we found
a similarly increased risk in Asians group under the allele,
dominant, homozygote and recessive models.

Conclusions: Our findings indicate that the T allele or TT
genotype of HOTAIR polymorphisms may serve as a po-
tential genetic marker for cancer risk, especially in Asians.
However, there is no significant association between SNPs
variants and cancer risk under any five genetic models for
154759314, rs18996063 and rs874945.

Key words: cancer risk, HOTAIR, IncRNA, HOX transcript
antisense intergenic RNA, meta-analysis, polymorphism

than 200 nt (frequently up to 100 kbp) [3]. And it
has been reported that IncRNAs play a crucial role
in a wide range of biological processes, including
chromatin remodeling, genome packaging, ge-
nome rearrangement, dosage compensation, gene
imprinting, and regulation of gene expression [4-7].
Thus, IncRNAs have been arousing highly interests
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among cancer researchers due to their ability to
local or global regulation of gene expression via
epigenetic, transcriptional or post-transcriptional
mechanisms [8]. The application of genome-wide
association studies (GWAS) and next-generation
sequencing (NGS) in exploring cancer-related
genes have greatly broadened our understanding of
the genetic variations. Recently, a number of stud-
ies have reported that IncRNAs were deregulated
in various cancers, and their polymorphisms were
significantly associated with cancers [9-12]. HOX
transcript antisense intergenic RNA (HOTAIR), one
of these cancer-related molecules, has been demon-
strated as an oncogenic factor in the development
of different cancers [13-17].

HOTAIR is a 2158-nuleotide IncRNA tran-
scribed from the antisense strand of the homeobox
C (HOXC) genes cluster that are located in chromo-
some 12q13.12 [18]. Recent studies have reported
that the major role of HOTAIR involves epigenetic
regulation of transcription in 40 kb region of HOXD
by modifying chromatin structure [13,18,19]. It has
been revealed that HOTAIR could interact with PRC2
and induce its relating methylation of H3K27 to re-
program chromatin organization [18,19]. Moreover,

overexpression of HOTAIR could accelerate tumor
growth through suppressing apoptosis, promoting
cell cycle progression, and increase cellular mi-
gration and invasion in different types of cancers
[20-22]. All those convincing proofs indicate the
oncogenic role of HOTAIR in various cancers.
Recently, considerable efforts have been made
to investigate the association between the IncRNA
variations and the susceptibility of cancers. In par-
ticular, the HOTAIR variations have been demon-
strated to be closely related to the development
and progression of some cancers [23-25]. Recent
studies suggested that SNPs of HOTAIR (such as
rs920778, rs4759314, rs1899663, rs12826786,
rs874945, rs7958904 and rs10783618) acted as
potential cancer susceptibility loci and were sig-
nificantly associated to the increase of the risk of
various cancers, including esophageal squamous
cell carcinoma [26], gastric cancer [27-29], colorec-
tal cancer [30], gastric cardia adenocarcinoma [31],
breast cancer [16,32-35], cervical cancer [36-38],
papillary thyroid carcinoma [39], ovarian cancer
[40], glioma [41], and prostate cancer [27,42]. How-
ever, although an increasing number of investiga-
tions are drawing attention to the relationship be-
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Figure 1. The flow diagram of this meta-analysis. A total of 21 studies were selected in this meta-analysis. Ten studies
on 15920778 C>T, 13 on rs4759314 A>G, 9 studies on rs1899663 G>T, 7 studies on rs12826786 C>T and 2 studies on
rs874945 G>A were eligible according to the exclusion criteria.
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tween HOTAIR polymorphisms and cancer risk, the
obtained results so far have still been controversial
and inconclusive [43-48]. Moreover, most individu-
al studies have been limited by small sample sizes.
Thus, we performed an up-to-date meta-analysis
to assess a more precise estimate of the possible
associations.

Methods

Search strategy

The PubMed, EmBase and Web of Science databases
were searched for identifying studies that examined the
association between HOTAIR polymorphisms and cancer

risk up to October 20, 2017. The comprehensive litera-
ture search was using following key words: “cancer or
neoplasms or carcinoma or tumor”, “Hox transcript an-
tisense intergenic RNA or HOTAIR”, “long non-coding
RNA or IncRNA”, “Polymorphism Single Nucleotide or
SNP or polymorphism” to summarize the studies of as-
sociation between HOTAIR polymorphisms and cancer
risk.

Literature retrieval strategy

Eligible studies for this meta-analysis were only
those written in English with full-text. All selected stud-
ies should meet the following criteria: (1) published
studies based on case-control or cohort study design
evaluating the association between HOTAIR polymor-
phisms and cancer risk; (2) adequate data available about

Table 1. The main characteristics of the included studies in the meta-analysis

First author ~ Year  Region  Ethnicity Tumor Case/ Source  Platform Genotyped SNPs NOS
Type Control of
control
Xavier 2017 Portugal Caucasian GM  177/199 HB  PCR-RFLP  rs920778 1s12826786
Wang 2017  China Asian  NIHL 570/570 Sequenom  rs874945  rs7958904 8
MassARRAY
Ulger 2017 Turkey Caucasian GC 105/207 HB TagMan  rs12826786 7
Taheri 2017 Iran Caucasian PC 128/250 HB  ARMS-PCR rs1899663 rs12826786 rs4759314 7
Taheri 2017 Iran Caucasian BPH  128/250 HB  ARMS-PCR rs1899663 1512826786 1s4759314 7
Qiu 2017 China Asian ocC 329/680 HB TagMan 1s920778 7
Khorshidi 2017 Iran Caucasian BC 122/200  HB  ARMS-PCR 1rs4759314 rs12826786 1s1899663 8
Jin 2017 China Asian CC 1209/1348 HB TagMan  rs7958904 rs4759314  rs874945 7
Hu 2017 China Asian PCC 416/416 HB TagMan  rs4759314 7
Hassanzarei 2017 Iran Caucasian BC 220/231 PB PCR-RFLP 15920778 1s12826786 rs4759314 7
151899663
Zhu 2016 China Asian PTC 2400/2400 HB  PCR-RFLP 15920778 r1s4759314 1rs1899663 7
Qiu 2016 China Asian cc 215/430  HB TagMan 15920778 7
Pan 2016 China Asian GC 800/1600 HB  PCR-RFLP 15920778 154759314 1s1899663 7
Guo 2016 China Asian CcC 510/713 HB MALDI- 15920778 rs12826786 rs4759314 7
TOF mass
Bayram 2015 Turkey Caucasian BC 123/122  HB TagMan  rs12826786 8
Yan 2015 China Asian BC 502/504 PB  CRS-RFLP/ 15920778 1s4759314 151899663 8
PCR-RFLP
Xue 2015 China Asian CRC 1734/1855 HB TagMan  rs4759314 7
Guo 2015 China Asian GCA 515/654 HB  PCR-RFLP 1512826786 rs4759314 rs10783618 7
Bayram 2015 Turkey Caucasian GC 104/209  HB TagMan 1s920778 7
Bayram 2015 Turkey Caucasian BC 123/122  HB TagMan 1s920778 7
Du 2015 China Asian GC 1275/1646 HB TagMan  rs4759314 8
Zhang 2014 China Asian  ESCC 2098/2150 HB  PCR-RFLP 15920778 154759314 1rs1899663 8

GM: glioma, NIHL: noise-induced hearing loss, GC: gastric cancer, P!

C: prostate cancer, BPH: benign prostate hyperplasia, OC: ovarian can-

cer, BC: breast cancer, CC: cervical cancer, PCC: pancreatic cancer, PTC: papillary thyroid carcinoma, CRC: colorectal cancer, GCA: gastric
cardia adenocarcinoma, ESCC: esophageal squamous cell carcinoma, HB: hospital-based, PB: population-based, PCR-RFLP: polymerase chain
reaction-restriction fragment length polymorphism, CRS-RFLP: created-restriction-site PCR-RFLP. The study design of all selected articles

is case-control.
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the genotype frequency of HOTAIR SNPs rs920778,
1s4759314, 1s1899663, rs12826786 or rs874945; (3) the
odds ratios (ORs) were available or could be calculated
with 95% confidence intervals (CIs). The exclusion cri-
teria were the following: (1) studies investigating the
progression, severity, phenotype modification, response
to treatment, survival and family; (2) meeting abstracts,
case reports, editorials and reviews. Ultimately, a total
of 21 articles including 13,675 cases and 16,306 controls
were dovetailed into this meta-analysis.

Data extraction

Two investigators (Tian Xu and Yu Zhou) indepen-
dently extracted the following data from each included
study: surname of first author, year of publication, region
of patients, ethnicity of patients, type of cancers, num-
bers of cases and controls, p value for Hardy-Weinberg
equilibrium (HWE) in control, study design, source of
control, platform of genotyping and genotype of SNPs.
Different ethnicity descents were categorized as Asians
or Caucasians. The results were compared and disagree-
ment was resolved by discussion with a third reviewer
(Shikai Zhu) until consensus was reached.

Quality assessment

The quality of the included studies was assessed
based on the Newcastle-Ottawa quality assessment scale
(NOS). NOS was used to evaluate the methodological
quality, which scored studies based on three factors: se-
lection, comparability and exposure[49]. A study award-
edascoreof 0-3,4-06,or7-9 was considered as a low-,
moderate-, or high-quality study, respectively.

Statistics

The ORs with 95% CIs were used to assess the
strength of the association between the HOTAIR poly-
morphisms and cancer risk. Five different comparison
models, including allele, dominant, homozygote, het-
erozygote and recessive model, were used to obtain a
more comprehensive assessment of associations be-
tween HOTAIR polymorphisms and cancer risk. For
the HOTAIR rs920778 C>T polymorphisms, the pooled
ORs were assessed for allele model (T vs C), dominant
model (TC+TT vs CC), heterozygote model (TC vs CC),
homozygote model (TT vs CC) and recessive model ( TT
vs TC+CC). Similar genetic models were also obtained
for HOTAIR rs4759314 A>@G, 11899663 G>T, rs12826786
C>T and rs874945 G>A variants. And subgroup analy-
ses were applied based on ethnicity and cancer type.
The fixed-effects model was adopted to calculate ORs
if heterogeneity was high (Pheterogeneity> 0.05 and/or 12
< 50%) [50]. Otherwise, a random-effects model was
used [51]. Sensitivity analysis was conducted by se-
quentially excluding each study. The publication bias
of this study was performed by Begg’s and Egger’s tests.
The trim-and-fill method was used to identify and ad-
just for those studies if any possible bias was observed.
Data analyses were carried out by using Stata soft-
ware, version 12.0 (Stata Corporation; College Station,
TX, USA). P values < 0.05 were considered statistically
significant.

Results

Study selection and characteristics

A total of 91 relevant articles were identified
based on electronic databases including PubMed,
EmBase and Web of Science. The study selection
process is shown in Figure 1. In this meta-anal-
ysis, 70 studies were excluded due to different
deficiencies. Ultimately, 21 eligible articles were
selected with adequate data, including 10 studies
on rs920778 C>T, 13 studies on rs4759314 A>G, 9
studies on rs1899663 G>T, 7 studies on rs12826786
C>T and 2 studies on rs874945, respectively. The
articles were published between July 2014 to Oc-
tober 2017. The studies were performed in Tur-
key (n=4), China (n=13), Portugal (n=1) and Iran
(n=3). Thirteen types of human cancers, including
esophageal squamous cell carcinoma (n=1), gas-
tric cancer (n=4), colorectal cancer (n=1), gastric
cardia adenocarcinoma (n=1), breast cancer (n=3),
cervical cancer (n=3), papillary thyroid carcinoma
(n=1), ovarian cancer (n=1), glioma (n=1), prostate
cancer (n=1) and benign prostate hyperplasia (n=1)
were recorded in this meta-analysis. The design
of all included studies were case-control and the
source of control were from hospital-based (n=19)
or population-based (n=2) persons. A more detailed
characteristics of the selected studies are shown in
Table 1.

Association between the HOTAIR rs920778 C>T poly-
morphism and cancer risk

A total of 10 studies containing 7,258 cases and
9,007 controls were examined for the association
between the HOTAIR rs920778 C>T polymorphism
and cancer risk (Supplementary Table 1). The com-
bined analyses exhibited a significantly increased
risk of cancer for HOTAIR rs920778 in all 5 genetic
models [T versus C (allele model): OR=1.44; 95%
CI=1.31-1.57, CT+TT versus CC (dominant model):
OR=1.45;95% CI=1.36-1.55 CT versus CC (heterozy-
gote model): OR=1.32; 95% CI=1.23-1.42, TT versus
CC (homozygote model): OR=2.35; 95% CI=2.05-
2.69, TT versus CC+CT (recessive model): OR=1.97;
95% CI=1.62-2.39] (Supplementary Table 2). Fur-
thermore, we evaluated the effect of the rs920778
on cancer risk among the subgroups based on eth-
nicity and cancer type. In a stratified analysis of
rs920778 polymorphism based on cancer type, a
significantly increased cancer risk was observed
among digestive cancer (allele model: OR=1.40;
95% CI=1.23-1.60; dominant model: OR=1.44; 95%
CI=1.31-1.59; heterozygote model: OR=1.31; 95%
CI=1.19-1.45; homozygote model: OR=2.32; 95%
CI =1.45-3.69; recessive model: OR=2.08; 95%
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Author (Year) OR(95%CI)  Weight % B i Fear) ORS%CD  Weight%
Other Cancer H " Other Cancer b - o
Xanier (2017) —— 1.00(0.74, 1.35) 6.33 Kavier (2017) — - 0.96 (0.64. 1.44) 3.24
2Zhu (2016) —— 1.40(1.27, 1.54) 16.79 Zhu (2016) 1.42(1.27, 1.60) 3339
Subtotal (-squared = 77.1%, p = 0.037) i 122(0.88.169) 23.11 Subtotal (-squared = 70.7%, p = 0.064) 1.38 (1.24, 1.54) 36,64
Gynecologic Cancer : Gynecologic Cancer :
Qiu (2017) | ——— 224 (1.71,2.94) 7.30 Qiu (2017) | ——— 2.32(1.69,3.19) 3.18
Qiu (2016) —— 156(1.22,1.98) 8.44 Qi (2016) 154 (1.11.2.14) 388
Guo (2016) —e— 155 (1.28,1.86) 11.05 Guo (2016) 1.51(1.20,1.91) 7.95
Subtotal (-squared = 63.4%, p = 0.065) < 1.73(1.38,2.15) 26.79 Subtotal (-squared = 59.6%, p = 0.084) 1.69 (1.44, 1.99) 15.01
H Digestive Cancer :
Pan (2016) —— 1.44 (1.25,1.66) 13.86 Pan (2015) -.- 1.43 (1.20, 1.70) 14.80
Bayram (2015) . 1.04(0.74, 1.45) 5.48 Bayram (2015) _— 1.04 (0.62, 1.73) 1.99
Zhang (2014) —-— 148(1.34,1.64) 16.42 Zhang (2014) 1.48 (1.31,1.67) 28.97
Subtotal (-squared = 49.6%, p = 0.137) <> 1.40(1.23, 1.60) 35.77 Subtotal (-squared = 0.0%, p = 0.416) 1.44 (1.31,1.59) 4576
Breast Cancer H Breast Cancer :
Bayram (2015) B B E— 133(0.93,1.91) 495 Bayram (2015) 1.05 (0.62, 1.79) 1.80
Yan (2015) e 137(1.10,1.71) 937 Yan (2015) 1.61(0.72.3.17) 0.79
Subtotal (-squared = 0.0%. p = 0.897) L -1 136(1.13.1.64) 14.33 Subtotal (--squared = 0.0%, p = 0.434) 1.19(0.77.1.83) 259
Overall (squared = 68.0%, p = 0.011) <> 144(1.31,157) 10000 Overall (1squared = 43.2%. p = 0.070) <> 1.45 (1.36, 1.55)  100.00
NOTE: Weights are from random affects anslysis | :
M | a8 m ' a1
(o] D
Author (Year) OR (95%CD)  Weight % Author (Year) OR(95%CD  Weight%
Other Cancer : Other Cancer i
Xavier (2017) — 0.93(0.60, 1.43) 3.02 Xavier (2017) —_— 1.05(0.56, 1.99) 6.69
2Zhu (2016) 1.50) 33.56 Zhu (2016) 3— 227 (1.75,2.94) 28.41
Sublotal (-squared = §9.2%, p = 0.117) . 1.46) 3657 Subtotal (-squared = 79.2%, p = 0.028) > 2.04(1.60,2.59) 35.10
Gynecelogic Cancer : Gynecolopic Cancer H
Qiu (2017) 312) 273 Qiu (2017) ——————> 280(156,5.07) 432
Qiu (2016) 88) 3.56 Qiu (2016) —_—— 219(1.38,347) 840
Guo (2016) ,1.71) 7.95 Guo (2016) ——@——— 289(1.80,4.64) 728
Subtotal (-squared = 64.4%, p = 0.060) . 1.78) 1425 Subtotal (I-squared = 0.0%, p = 0.674) - 257 (1.93,3.43) 20.01
Digestive Cancer 2 b.gnnn Cancer E
Pan (2015) —.— 1.30 (1.09, 1.56) 15.10 Pan (2015) ——8—— 306(204.458) 9.06
Bayram (2015) D — 1.02 (0.60, 1.76) 1.89 Bayram (2015) —_————— 1.09 (0.55.2.16) 562
Zhang (2014) 1.34 (1.18, 1.52) 29.40 Zhang (2014) — 2.81(213,3.71) 2295
Subtotal (-squared = 0.0%, p = 0.629) 1.31(1.19, 1.45) 46.39 Subtotal (I-squared = 72.0%, p = 0.028) - 261(2.11,324) 3764
Breast Cancer ' Breast Cancer H
Bayram (2015) — 0.81(0.46, 1.42) 1.90 Bayram (2015) ———&——— 212(1.00,451) 341
Yan (2015) —_—————————— 1.19(056.255) 0.8 Yan (2015) —_—— 172(0.81.363) 385
Subtotal (-squared = 0.0%, p = 0.421) e[ 0.93 (0.59, 1.46) 2.79 Subtotal (I-squared = 0.0%, p = 0.699) — 191(1.12,324) 726
Overall (I-squared = 35.9%, p = 0.121) <> 1.32(1.23, 1.42) 100.00 Overall (I-squared = 44.5%, p = 0.062) <> 2.35(2.05, 2.69) 100.00
T T T T
= ' an wr ' 5o
E < ¥
Author (year) i OR(95%CD)  Weight % Anthior (Foud OR (95% C1) Weight %
Other Cancer H -
Xavier (2017) —_———— 1.09 (060, 1.99) 6.86 Caucasians,
Zhu (2016) —— 202(1.57,261) 14.62 Xavier (2017) 1.00(0.74,1.35) 633
Subtotal (I-squared = 70.9%, p = 0.064) —Q— 1.58(0.87,2.86) 21.49 Bayram (2015) | - 133(093,191) 495
Gymecologio Gance ; Bayram (2015) —_— 104(0.74,145) 548
Qiu (2017) ——————— 246(137.443) 704 Subtotal (-squared = 0.0%, p = 0.450) « 110(091,133) 1676
Qiu (2016) — 1.95(127,3.00) 10.00 5
Guo (2016) —t————  258(162,4.11) 928 i
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. (-squ [ ) ) ¢ d Qi (2017) — 224(1.71,284) 730
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reast Cancer H
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Figure 2. Forest plot of cancer risk in different cancer types and ethnicities associated with HOTAIR polymorphism
rs920778 under different models. Models represented: A: allele model based on cancer types; B: dominant model based
on cancer types; C: heterozygote model based on cancer types; D: homozygote model based on cancer types; E: recessive
model based on cancer types; F: allele model based on ethnicities; G: dominant model based on ethnicities; H: heterozy-
gote model based on ethnicities; I: homozygote model based on ethnicities; J: recessive model based on ethnicities.
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Figure 3. Sensitivity analysis for rs920778 in this meta-analysis. There figures show the influence of individual stud-
ies on the summary OR in different models. The middle vertical axis indicates the overall OR and the two vertical axes
indicate the 95% CI. Open circles indicate the pooled OR when the study indicated on the left is omitted from the meta-
analysis. The lines indicate the 95% CI values when the study indicated is omitted from the meta-analysis. Models
represented: A: allele model; B: dominant model; C: heterozygote model; D: homozygote model; E: recessive model.
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Figure 4. Begg’s funnel plot and Egger’s plot for publication bias for rs920778. Each point represents a separate study
for the indicated association. A: Begg’s funnel plot; B: Egger’s publication bias plot.
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(CI=1.33-3.27) and gynecologic cancer (allele mod-
el: OR=1.73; 95% CI=1.38-2.15; dominant model:
OR=1.69; 95% CI=1.44-1.99; heterozygote model:
OR=1.49; 95% CI=1.25-1.78; homozygote model:
OR=2.57; 95% CI =1.93-3.43; recessive model:
OR=2.08; 95% CI=1.33-3.27 (Figure 2A-E). A signifi-
cantly increased cancer risk was observed among
Asians (allele model: OR=1.50; 95% CI=1.37-1.65;
dominant model: OR=1.52; 95% CI=1.36-1.68;
heterozygote model: OR=1.37; 95% CI=1.24-1.52;
homozygote model: OR=2.52; 95% CI=2.16-2.94;
recessive model: OR=2.09; 95% CI=1.70-2.57). In
contrast, there was no significant association be-
tween rs920778 and cancer risk among Caucasians
(allele model: OR=1.10; 95% CI=0.91-1.33; domi-
nant model: OR=1.00; 95% CI=0.77-1.30; heterozy-
gote model: OR=0.92; 95% CI=0.69-1.23; homozy-
gote model: OR=1.30; 95% CI=0.85-1.98; recessive
model: OR=1.39; 95% CI=0.84-2.94) (Figure 2F-]).
Sensitivity analysis showed that no single study
qualitatively changed the pooled ORs with corre-
sponding 95% CI, indicating that those data were
highly stable. Visual inspection of funnel plot did
not reveal any asymmetrical evidence (Figure 3).
The data were further supported by the Begg’s and
Egger’s tests. No publication bias was observed,
indicating that the results were statistically robust
(Figure 4).

Association between the HOTAIR rs12826786 C>T
polymorphism and cancer risk

A total of 8 studies including 1,532 cases and
2,113 controls were examined for the association
between the HOTAIR rs12826786 C>T polymor-
phism and cancer risk (Supplementary Table 1).
The combined analyses exhibited a significantly
increased risk of cancer for HOTAIR rs12826786
in 4 of 5 genetic models [T versus C (allele mod-
el): OR=1.22; 95% CI=1.05-1.41, CT+TT versus CC
(dominant model): OR=1.22; 95% CI=1.04-1.44, CT
versus CC (heterozygote model): OR=1.15; 95%
CI=0.99-1.35, TT versus CC (homozygote model):
OR=1.57; 95% CI=1.10-2.24, TT versus CC+CT (re-
cessive model): OR=1.454; 95% CI=1.06-1.99] (Sup-
plementary Table 2). We next evaluated the effect
of the rs12826786 on cancer risk among the sub-
groups based on ethnicity and cancer type. Based
on cancer type, no significantly increased cancer
risk was observed in any cancer (Figure 5A-E).
However, a significant correlation with increased
cancer risk was observed among Asians under 4
genetic models [T versus C (allele model): OR=1.30;
95% CI=1.07-1.58; CT+TT versus CC (dominant
model): OR=1.30; 95% CI=1.02-1.64; TT versus CC
(homozygote model): OR=2.23; 95% CI=1.23-4.05,
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TT versus CC+CT (recessive model): OR=2.07; 95%
CI=1.15-3.72]. In contrast, no significant associa-
tion was found between rs12826786 and cancer
risk among Caucasians (Figure 5F-]). Sensitivity
analysis indicated that these data were highly sta-
ble (Figure 6), and funnel plot, Begg’s and Egger’s
tests indicated no publication bias (Figure 7). In
addition, we found that there was no significant
association between the HOTAIR rs4759314 A>G,
rs1899663 G>T or rs874945 G>A polymorphism
and cancer risk under all 5 models (Supplementary
Table 2).

Discussion

Aberrant expression of IncRNAs is associated
with cancer development [5]. HOTAIR has been
recently investigated as potential connection to
cancer susceptibility, and it has been widely re-
ported as a functional IncRNA, expressed from
the developmental HOXC locus and participated
in multiple cancers [4-7,18,19,21,52,53]. Appear-
ing evidence has indicated that polymorphisms of
HOTAIR may modulate the susceptibility to cancer
[26-30,32,33,36-42,54]. Moreover, several SNPs of
IncRNAs identified to be involved in carcinogen-
esis have been reported to be associated with can-
cer risk [55,50]. In this meta-analysis, we pooled
a total of 21 studies containing adequate sample
size to verify further connections between HOTAIR
polymorphisms rs920778 C>T, rs12826786 C>T,
1s4759314 A>G, rs1899663 G>T or rs874945 G>A
and increased risk for cancer.

The HOTAIR gene is located on the long arm
of chromosome 12 (12q13.13). HOTAIR rs920778
polymorphism is located on intron 2 of the HO-
TAIR gene, which occurs as a result of substituting
cytosine to thymine (C—T) and it has a genotype-
specific effect on HOTAIR expression, which results
in ahigher HOTAIR expression among T allele car-
riers. As our expectation, distribution of HOTAIR
rs920778 C>T had a significant association with
cancer risk. Interestingly, our data indicated that
rs920778 variants had a great influence on increas-
ing cancer risk among Asians, and we also found
that T allele or TT genotype of rs920778 strongly
indicated a much higher risk of digestive cancer.
Moreover, a significant correlation between T al-
lele or TT genotype of rs920778 and gynecologic
cancer had been found. This observation strongly
suggests that HOTAIR rs920778 polymorphism
could serve as a marker for digestive and gyneco-
logic cancer risk evaluation in Asian populations.
As for rs12826786 C>T, which is located in the
promoter region of HOTAIR, a significant higher
level of HOTAIR was observed in subjects carry-
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Figure 5. Forest plot of cancer risk in different cancer types and ethnicities associated with HOTAIR polymorphism
rs12826786 under different models. Models represented A: allele model based on cancer types; B: dominant model
based on cancer types; C: heterozygote model based on cancer types; D: homozygote model based on cancer types; E:
recessive model based on cancer types; F: allele model based on ethnicities; G: dominant model based on ethnicities;
H: heterozygote model based on ethnicities; I: homozygote model based on ethnicities; J: recessive model based on
ethnicities.
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Figure 6. Sensitivity analysis for rs128268786 in this meta-analysis. There figures show the influence of individual
studies on the summary OR in different models. The middle vertical axis indicates the overall OR and the two vertical
axes indicate the 95% CI. Open circles indicate the pooled OR when the study indicated on the left is omitted from the
meta-analysis. The lines indicate the 95% CI values when the study indicated is omitted from the meta-analysis. Mod-
els represented A: allele model; B: dominant model; C: heterozygote model; D: homozygote model; E: recessive model.
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Figure 7. Begg’s funnel plot and Egger’s plot for publication bias for rs12826786. Each point represents a separate
study for the indicated association. A: Begg’s funnel plot; B: Egger’s publication bias plot.
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ing rs12826786 TT genotype than those with CC
genotype in normal and gastric cardia adenocar-
cinoma tumor tissues, indicating C to T transition
may influence the HOTAIR transcription and finally
influence the expression of the gene [31]. However,
Xavier-Magalhaes et al. [41] concluded that no sta-
tistically significant differences were found in the
genotype or allele distributions of either rs920778
or rs12826786 between glioma patients and con-
trols, suggesting these SNPs are not associated
with glioma risk. In our studies, distribution of HO-
TAIR rs12826786 C>T had a significant association
with cancer risk under the allele model, dominant
model, homozygote model and recessive model.
According to the subgroup analysis based on eth-
nicity, the association between rs12826786 vari-
ants and cancer risk was only observed in Asians.
In subgroup analysis by cancer type, no risk was
found to be linked with rs12826786 polymorphism.
The difference between our studies and other pub-
lished studies may be due to the fact that patients
or controls came from different areas. For rs920778
and rs12826786 polymorphisms, the results of this
meta-analysis were consistent with the functional
assay. All this evidence indicates that IncRNA HO-
TAIR can act as an oncogene and increased HOTAIR
expression might result in malignant transforma-
tion of normal cells.

To our knowledge, this is the first report to
comprehensively assess the association between
HOTAIR polymorphisms under 5 genetic models
and cancer risk. Sufficient number of cases and
controls were pooled from different studies and
provided a more accurate estimation of the as-
sociations between the HOTAIR polymorphisms
and cancer risk. We observed a significantly in-
creased risk of cancer for the HOTAIR rs920778
C>T and rs12826786 polymorphisms, which are
consistent with previous published studies [26-
29,32,33,36,37,39,40,42]. Furthermore, subgroup
analyses indicated that individuals with the T allele
or TT genotype had a significantly increased can-
cer risk in Asian populations, suggesting that the
increased cancer risk may be ethno-specific. Our
data also indicated that rs920778 variants exhibit
great correlation with cancer risk in digestive and
gynecologic cancers. As for rs12826786, no signifi-
cant association was observed in any cancer, but
under the dominant model, homozygote model and
recessive model, T allele or TT genotype may serve

as an important factor in promoting the process of
breast cancer. In contrast, a negative correlation
was observed in the rs1899663 G>T, rs4759314
A>G and rs874945 G>A polymorphism analysis.

However, some limitations of this study still
exist. First, although the analysis was performed
with strict criteria for study inclusion and precise
data extraction, significant heterogeneity between
studies existed in some comparisons. Unfortunate-
ly, we did not perform meta-regression analysis
which is not suitable for assessing heterogeneity
with a sample size less than 10 [57]. Considering
that the difference of ethnic diversity, study de-
sign, sample sizes, and the measurement of NOS
error may contribute to common sources of hetero-
geneity [58], we performed subgroup analyses to
explore the source of heterogeneity. For rs920778
and rs12826780, the heterogeneity of results did
reduce but not eliminate based on subgroup anal-
yses, indicating that all the above factors should
be taken into consideration. The second limitation
lies in the ethnicity of the subjects. Most of the
patients were Asians in the present study and this
limited the general application of the results to
other populations. Finally, cancer is a multi-fac-
torial malignant disease that likely arises from
complex interactions between genetic mutations,
environmental changes, lifestyle, diet, age and sex.
In our meta-analysis, we only focused on the HO-
TAIR polymorphisms, while the fundamental un-
derlying mechanisms cannot be explained clearly
due to unadjusted databases.

In conclusion, this meta-analysis provided
evidence that the T allele or TT genotype of HO-
TAIR polymorphisms may serve as a potential ge-
netic marker for cancer risk, especially in diges-
tive, gynecologic and breast cancer patients among
Asians.
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Supplementary Table 1. Genotype distributions of selected HOTAIR polymorphisms

15920778 CC genotype CT genotype TT genotype P for HWE in controls
Study Cases Controls Cases Controls Cases Controls

Xavier (2017) 82 90 71 84 24 25 0.04
Qiu (2017) 235 580 69 78 25 52 <0.05
Zhu (2016) 1257 1465 960 841 183 94 0.05
Qiu (20106) 90 226 78 150 47 54 <0.05
Pan (2016) 420 980 321 575 59 45 <0.05
Guo (20106) 269 448 189 235 52 30 091
Bayram (2015) 40 41 52 66 31 15 0.14
Yan (2015) 12 18 151 190 339 296 0.06
Bayram (2015) 32 66 52 105 20 38 0.74
Zhang (2014) 1091 1323 8206 749 181 78 <0.05
rs4759314 AA genotype AG genotype GG genotype P for HWE in controls
Study Cases Controls Cases Controls Cases Controls

Taheri (2017) 86 163 32 81 7 6 0.27
Taheri (2017) 85 163 54 81 6 6 027
Khorshidi (2017) 96 148 24 49 2 3 0.064
Jin (2017) 1012 1162 158 140 4 2 0.29
Hu (2017) 333 325 75 82 8 9 0.17
Hassanzarei (2017) 205 221 15 7 0 1 <0.05
Zhu (2017) 540 553 58 45 2 2 0.30
Pan (2016) 451 732 48 255 1 13 045
Guo (2010) 378 544 121 158 11 11 0.90
Yan (2015) 451 448 50 54 1 2 0.78
Xue (2015) 1011 1037 135 157 1 9 047
Guo (2015) 1528 1608 200 236 5 11 0.59
Du (2015) 1083 1464 186 172 6 8 023
Zhang (2014) 917 910 81 89 2 1 044
rs1899663 GG genotype GT genotype TT genotype P for HWE in controls
Study Cases Controls Cases Controls Cases Controls

Taheri (2017) 35 77 70 133 22 40 0.16
Taheri (2017) 57 77 73 133 13 40 0.16
Khorshidi (2017) 36 75 64 87 22 38 0.16
Hassanzarei (2017) 83 24 121 199 16 8 <0.05
Zhu (2017) 422 413 151 175 7 12 0.18
Pan (2016) 376 608 118 368 6 24 <0.05
Guo (20106) 356 509 146 191 8 13 0.31
Yan (2015) 339 326 149 158 14 20 0.88
Zhang (2014) 725 724 256 250 19 26 043
1512826786 CC genotype CT genotype TT genotype P for HWE in controls
Study Cases Controls Cases Controls Cases Controls

Taheri (2017) 84 94 77 84 16 21 0.73
Ulger (2017) 38 73 47 929 20 35 0.88
Taheri (2017) 26 83 70 125 32 42 0.66
Taheri (2017) 36 83 66 125 40 42 0.66
Khorshidi (2017) 37 61 59 90 26 49 0.17
Hassanzarei (2017) 17 45 80 122 123 61 0.25
Guo (2015) 285 403 500 232 30 19 <0.05
Bayram (2015) 42 44 51 64 30 14 0.20
rs874945 GG genotype GA genotype AA genotype P for HWE in controls
Study Cases Controls Cases Controls Cases Controls

Wang (2017) 388 372 150 170 28 25 0.33
Jin (2017) 745 852 383 394 43 43 0.77

HWE: Hardy-Weinberg equilibrium
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