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Abstract: Background: Epidemiological studies have indicated a significant association between IncRNA HOTAIR
variants and cancer risk. But the conclusions were inconsistent. We therefore conducted a meta-analysis to explore
the precise relationship between IncRNA HOTAIR polymorphisms and cancer risk. Methods: There online databases
(PubMed, Embase, SCI) were searched. Odds ratios (ORs) and 95% confidence interval (Cls) were calculated to
assess the associations between HOTAIR rs920778 C>T, rs4759314 A>G, rs1899663 G>T polymorphisms and
cancer risk. Heterogeneity, publication bias and sensitivity analysis were performed to test the statistical power.
Results: Overall, 6 related publications involving 11,961 subjects were included in our research. Significantly cancer
risk between rs920778 C>T polymorphism were observed in general population (T vs. C: OR=1.33, 95% Cl=1.13-
1.56, P<0.01, 1>=75.0%; CT vs. CC: OR=1.24, 95% CI=1.03-1.49, P=0.02, 1>=63.5%; TT vs. CC: OR=2.03, 95%
Cl=1.25-3.30, P<0.01, 1?>=80.5%; CT+TT vs. CC: OR=1.33, 95% Cl=1.10-1.62, P<0.01, 1>=74.1%; TT vs. CC+CT:
OR=1.97, 95% CI=1.34-2.90, P=0.01, I°=46.3%). Subgroup analysis showed a significant increased risk in Asian
population, but not in Caucasian population. For rs4759314 A>G and rs1899663 G>T polymorphisms, no signifi-
cant association was detected with cancer risk. Conclusions: This meta-analysis demonstrates that IncRNA HOTAIR
rs920778 C>T variant is an important risk factor for cancer development according to ethnicity diversity.
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Introduction ever, the underlying mechanisms contributing
to cancer susceptibility is still unclear.

Cancer is the leading cause of death in most

countries, manifesting itself as a heavy physi-
cal, financial, and psychological burden on indi-
viduals as well as the society [1, 2]. In 2012,
there were 14.1 million new cancer cases and
8.2 million deaths estimated worldwide [3].
Cancer development and treatment often ac-
companied with severe bodily dysfunctions, wh-
ich related to low quality of living standards and
poor five-year survival. Clinical researchers ha-
ve established that lifestyle factors such as
smoking, drinking, diet, physical inactivity, ch-
ronic inflammation, and viral infections are as-
sociated with cancer development [4, 5]. How-

With the development of genomic technologies,
studies on genetic factors have been gaining
momentum, beginning from the late 20th cen-
tury. Laboratory research has shown that ge-
netic abnormalities influence the process of
tumorigenesis by altering DNA transcription,
translation, and eventually, protein expressi-
on [6]. Long non-coding RNAs (IncRNAs) are
defined as long, single-stranded, non-coding
RNAs with more than 200 nucleotides, lacking
open reading frames (ORF) [7]. Studies have
found that IncRNAs are involved in various
essential life processes such as cell prolifera-
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tion, differentiation, and apoptosis through tr-
anscriptional, post-transcriptional, and epigen-
etic regulation [8].

To date, thousands of IncRNA molecules have
been identified in the human genome [9]. In
particular, hox transcript antisense intergenic
RNA (HOTAIR) is one of the most commonly
studied IncRNA. Itis located in the Homeobox C
(HOXC) gene cluster on chromosome 12913.13,
with 2158 nucleotides [10]. Emerging evidence
reveals that aberrant expression of IncRNA
HOTAIR might influence normal cell cycle pro-
gression and promote cancer transformation
[11, 12].

Genetic mutations, especially single nucleotide
polymorphisms (SNPs) are considered the mo-
st important genetic variations, closely associ-
ated with tumorigenesis [13, 14]. Three com-
mon loci (rs920778 C>T, rs4759314 A>G, and
rs1899663 G>T) have been reported in the
IncRNA HOTAIR-encoding gene. These muta-
tions play an important role in cancer develop-
ment, treatment, and prognosis. This had been
proved by several molecular epidemiological
studies on cancers such as esophageal [15],
gastric [16], colorectal [17], and breast cancers
[18]. However, given the small sample sizes,
the association between IncRNA HOTAIR po-
lymorphisms and cancer risk is controversi-
al. Bearing in mind the importance of IncRNA
HOTAIR and cancer development, we conduct-
ed a meta-analysis to elucidate the association
between the aforementioned IncRNA HOTAIR
polymorphisms and cancer risks.

Materials and methods

This meta-analysis was designed and condu-
cted according to the guidelines described in
the Preferred Reporting ltems for Systematic
Reviews and Meta-analyses (PRISMA Compli-
ant) statement [19].

Search strategy

Three online databases (PubMed, Embase, and
SCI index) were searched to identify studies
that focused on the association between Inc-
RNA HOTAIR polymorphisms and cancer risk.
The following search terms were used: “can-
cer”, “neoplasm”, “long non-coding RNA”, “Hox
transcript antisense intergenic RNA”, “polymor-

phism”, and “variant”.
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Eligible criteria

Studies that met the following criteria were
included: 1) only case-control studies; 2) stud-
ies that revealed the relationship between
IncRNA HOTAIR polymorphisms and cancer ri-
sk; 3) studies that provided sufficient informa-
tion on genotype distribution to enable estima-
tion of odds ratios (ORs) and 95% confidence
intervals (Cls); 4) studies published in English
alone; 5) only the study with the largest sample
size or the most recent publication was includ-
ed when overlapping data on similar patients
emerged.

Exclusion criteria

We excluded these studies following: (1) the
genotype distributions not reported and could
not be ascertained or calculated; (2) the study
subjects were not human; (3) animal models
studies; and (4) review articles or case report.

Data extraction

Two independent investigators (Zhang and Sh-
en) extracted the following information from
the eligible studies: name of the first author,
year of publication, country/region, ethnicity
descent (Asian or Caucasian), controls design,
sample size of cases and controls with differ-
entgenotypes, genotyping method, Hardy-Wein-
berg equilibrium (HWE) for controls, and cancer
type and quality score of the research.

Quality assessment

Two independent authors (Xu and Hu) assessed
the quality of the included studies using a mod-
ified quality scoring criteria according to pre-
vious meta-analyses [20]. A 9-score system
ranged from O points (worst) to 9 points (best)
for genetic epidemiological studies based on
traditional quality system was applied. Studies
with 6 or higher score were considered as hi-
gh quality, otherwise were considered as low
quality.

Statistical analysis

All statistical analyses were performed using
STATA version 11.0 (Stata Corporation, College
Station, TX, USA). A P value less than 0.05 was
considered statistically significant. Crude ORs
with 95% Cls were calculated to estimate the
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PubMed
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SCl index
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Potentially relevant articles by the search (n=21)

Results
Study characteristics

In total, 21 relevant articles we-
re selected, following a systema-
tic literature search. After gradual

screening (Figure 1), six published

articles involving 5,371 patients

Studies excluded (n=8),
Duplicate articles deleting

and 6,590 controls were included
in the current meta-analysis (Ta-
ble 1) [15-18, 26, 27]. Of these,

v

Articles about the association with HOTAIR and cancer

four articles focused on Asian
populations [15-17, 26], while two

focused on Caucasians [18, 27].

Figure 1. Flow
diagram of the
study selection
process.

1 Meeting abstract
2 review article

Studies excluded (n=7),
Through abstract and article review

2 without polymorphism research
2 cancer cell research

Seven, five, and two case-control
studies reported the association
between cancer risk and rs920-
778 C>T [15, 18, 26, 27], rs-
4759314 A>G [15-17, 26], and
rs1899663 G>T [15, 26] poly-
morphisms, respectively. With re-

A 4

gard to the distribution of geno-

Articles included in quantitative synthesis on HOTAIR
polymorphisms and cancer risk (n=6)

types in the control groups, only
one study deviated from HWE for
thers920778 C>T polymorphism

association between IncRNA HOTAIR polymor-
phisms (rs920778 C>T, rs4759314 A>G, rs-
1899663 G>T) and cancer risk. For example,
pooled ORs were assessed for allele contrast (T
vs. C) and codominant (CT vs. CC; TT vs. CC),
dominant (CT+TT vs. CC), and recessive (TT vs.
CC+CT) models in the rs920778 C>T polymor-
phism. Similar analyses for other genetic mod-
els (rs4759314 A>G andrs1899663 G>T) were
also conducted. HWE in the controls was tested
with chi-square test for goodness of fit, and
P<0.05 was considered out of HWE. Subgroup
analyses were conducted according to ethnici-
ty, HWE status, study design, and genotyping
method. Further, potential heterogeneity was
examined with Chi-square-based Q-test and
I-squared (I?) statistics [21]. The random-ef-
fects model (DerSimonian and Laird method)
was adopted when either the P value was less
than 0.10 or I?> was greater than 40% [22].
Otherwise, a fixed-effect model (the Mantel-
Haenszel method) was used [23]. Cumulative
meta- and sensitivity analyses were conducted
to guarantee the stability of the results. Pu-
blication bias was analyzed by the Egger’s lin-
ear regression and Begg’s funnel plots [24, 25].
All P-values were two-sided with the P<0.05
considered statistically significant.
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[26].
Quantitative analysis

Meta-Analysis Results for rs920778 C>T poly-
morphism: Seven case-control studies, involv-
ing 3,123 patients and 4,081 controls, explored
the association between rs920778 C>T and
cancer risk. The pool results indicated signifi-
cantly increased risks for cancer development
in all five genetic models (T vs. C: OR=1.33,
95% Cl=1.13-1.56, P<0.01, 1°=75.0%; CT vs.
CC: OR=1.24, 95% CI=1.03-1.49, P=0.02, I>=
63.5%; TT vs. CC: OR=2.03, 95% CI=1.25-3.30,
P<0.01, I>’=80.5%; CT+TT vs. CC: OR=1.33, 95%
Cl=1.10-1.62, P<0.01, I1>=74.1%, Figure 2; TT
vs. CC+CT: OR=1.97, 95% Cl=1.34-2.90, P=
0.01, 1°=46.3%) (Table 2). Subgroup analyses
revealed similar results in Asian populations
according to ethnicity (T vs. C: OR=1.47, 95%
Cl=1.35-1.59, P<0.01, I’=27.1%; CT vs. CC:
OR=1.33, 95% Cl=1.19-1.47, P<0.01, 1?>=2.1%;
TT vs. CC: OR=2.89, 95% CI=2.30-3.64,
P<0.01, 1?=0%; CT+TT vs. CC: OR=1.46, 95%
Cl=1.32-1.61, P<0.01, 1?>=24.2%; TT vs. CC+CT:
OR=2.58, 95% Cl=2.06-3.32, P=0.01, 1>=0%)
(Table 2). Furthermore, we also observed in-
creased cancer risk in the hospital control
group (Table 2).
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Table 1. Characteristics of case-control studies on INcRNAHOTAIR polymorphisms and cancer risk included in the meta-analysis

Country/ ) Source of Genotype distribution Genotyping P for Quality
Region Racial controls Case  Control Case Control methods HWE=? MAF  Type score

HOTAIR rs920778 C>T
cc Crt 1T CC CT 1T

First author  Year

Zhang 1 2014  China Asian PB 1000 1000 528 389 83 601 358 41 PCR-RFLP 0.17 0.22 ESCC 7
Zhang 2 2014 China Asian PB 510 550 256 207 47 344 186 20 PCR-RFLP 0.40 0.21 ESCC 7
Zhang 3 2014 China Asian PB 588 600 307 230 51 378 205 17 PCR-RFLP 0.08 0.20 ESCC 7
Slileyman 1 2015 Turkish Caucasian HB 123 122 31 52 40 15 66 41 TagMan 0.14 0.61 BC 8
Pan 1 2015 China Asian HB 500 1000 275 194 31 608 368 24 PCR-RFLP <0.05 0.21 GC 8
Pan 2 2015 China Asian HB 300 600 145 127 28 372 207 21 PCR-RFLP 0.23 0.21 GC 9
Suleyman2 2015 Turkish Caucasian HB 104 209 20 52 30 38 105 66 TagMan 0.70 0.57 GC 8
HOTAIR rs4759314 A>G
AA AG GG AA AG GG
Zhang 1 2014 China Asian PB 1000 1000 917 81 2 910 89 1 PCR-RFLP 0.44 0.05 ESCC 7
Guo 2015 China Asian HB 515 654 461 53 1 589 64 1 PCR-RFLP 0.59 0.05 GC 8
Pan 1 2015 China Asian HB 500 1000 451 48 1 914 83 3 PCR-RFLP 0.45 0.05 GC 9
Xue 1 2015 China Asian PB 1147 1203 1011 135 1 1037 157 9 RealtimePCR 0.26 0.07 CRC 8
Xue 2 2015 China Asian PB 586 652 517 65 4 571 79 2 Realtime PCR 0.67 0.06 CRC 8
HOTAIRrs1899663 G>T
GG GT 71T GG GT 1T
Zhang 1 2014 China Asian PB 1000 1000 725 256 19 724 250 26 PCR-RFLP 0.43 0.15 ESCC 7
Pan 1 2015 China Asian HB 500 1000 376 118 6 732 255 13 PCR-RFLP 0.08 0.14 GC 9

2HWE in control; MAF: Minor allele frequency in control group. ESCC: esophageal squamous cell carcinoma; GC: gastric cancer; BC: breast cancer; CRC: colorectal cancer; PB:
Population-based; HB: Hospital-based.
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Study %

ID OR (95% CI) Weight
1

Asian :
1

Zhang1 (2014) — 1.35(1.13,1.61) 19.20
I

Zhang2 (2014) —— 1.66 (1.30,2.12) 16.81
I

Zhang3 (2014) —_—— 156 (1.24,1.96) 17.28
1

Pan1 (2015) —— 1.27 (1.02,1.58) 17.80
I

Pan2 (2015) — 1.74(1.32,231) 1555
I

Subtotal (l-squared = 24.2%, p = 0.260) <> 1.47 (1.31,1.65) 86.63
1
|
1

Caucasian |
I

Sileyman (2015) & - ! 0.42(0.21,0.82) 6.13
1

Siileyman (2015) 1 0.91(0.50,1.66) 7.23
I

Subtotal (I-squared = 65.3%, p = 0.090) -<>:=—.l 0.63(0.29, 1.35) 13.37
I
|

Overall (I-squared = 70.4%, p = 0.002) @ 1.33(1.10,1.62) 100.00
|

NOTE: Weights are from random effects analysis :
1

T T
212 1 4.73

Figure 2. Calculated OR and 95% Cls for the associations between INcRNAHOTAIRrs920778 C>T polymorphism and

cancer risk in the CT+TT vs. CC model.

Heterogeneity present in all five models, and
the meta-regression analyses suggested that
ethnic diversity might induce this heterogeneity
(T vs. C: Adj R-squared=94.72%, P=0.01; CT vs.
CC: Adj R-squared=94.18%, P=0.06; TT vs. CC:
Adj R-squared=100%, P<0.01; CT+TT vs. CC:
Adj R-squared=93.92%, P=0.03; TT vs. CC+CT:
Adj R-squared=100%, P<0.01). The heteroge-
neity was relieved in the subsequent subgroup
analysis.

Next, sensitivity analyses indicated that all re-
sults were consistent, without any qualitative
change, through elimination of each study one
by one (Figure 3 for CT+TT vs. CC model).
Publication bias analyses did not reveal any
asymmetry (Figure 4 for the CT+TT vs. CC
model). This result was also supported by the
Egger's test (T vs. C: P=0.15; CT vs. CC: P=0.17;
TT vs. CC: P=0.23; CT+TT vs. CC: P=0.15; TT vs.
CC+CT: P=0.84).

Meta-analysis results for rs4759314 A>G and
rs1899663 G>T polymorphisms: Five selected
studies, involving 3748 cases and 4509 con-
trols, included in the analysis focused on the
association between rs4759314 A>G and can-
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cer risk. In order to assess the risk associated
with rs1899663 G>T, two eligible studies in-
volving 1,500 cases and 2,000 controls we-
re included. Overall, no significant association
was found in any of the models for the two
SNPs (Table 2). The subgroup analyses accord-
ing to ethnicity, control design, and genotyping
methods did not reveal any significant associa-
tions either.

Discussion

Cancer is the most common malignant disease
worldwide. Evidence suggests that the interac-
tions between genetic mutation, living habits,
environmental population, chronic inflamma-
tion, and virus infections might be important
factors in tumorigenesis. To date, several stud-
ies have demonstrated that the abnormal ex-
pression of INcRNAs deregulate various biologi-
cal procedures, including cancer development
[28]. Gupta et al. [29] and Nakagawa et al. [30]
reported significantly higher HOTAIR expression
in breast cancer and non-small cell lung cancer
compared with that observed in normal tissue,
which enhanced aggressive cellular behavior
and prompted metastasis.

Int J Clin Exp Med 2016;9(2):2157-2165
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Table 2. Summary ORs and 95% CI oflncRNA HOTAIR polymorphisms and cancer risk

Locus : NO'C(‘;; frilse/ OR 95%Cl P é: . OR 95%C P (;: . OR o5%Cl P é: . OR 95%C P (;: . OR 95%CI P (;: -
rs920778 C>T Tvs.C CTvs. CC TTvs.CC CT+TT vs. CC TT vs. CC+CT
Total 7 3123/4081 1.33 1.13-1.56 <0.01 75.0 1.24 1.03-1.49 0.02 635 203 125330 <0.01 80.5 1.33 1.10-1.62 <0.01 70.4 197 1.34-290 <0.01 74.1
HWE 6 2623/3081 1.32 1.08-1.60 <0.01 78.7 1.23 0.99-1.55 0.07 679 1.90 1.07-3.37 0.03 833 1.33 1.04-168 0.02 740 188 1.21-290 <0.01 77.0
Ethnicity
Asian 5 2898/3750 1.47 1.35-1.59 <0.01 271 133 1.19-147 <0.01 21 289 230364 <0.01 O 1.46 1.32-1.61 <0.01 24.2 258 2.06-3.32 <0.01 O
Caucasian 2 225/331 0.84 0.66-1.08 0.17 O 0.61 0.25-1.47 0.27 70.8 0.65 0.39-1.08 0.0 252 0.63 0.29-1.35 0.23 65.3 0.93 0.64-1.34 0.67 O
Design
PB 3 2098/2150 1.48 1.34-1.64 <0.01 21.1 134 118152 <001 O 2.81 213371 <0.01 22 148 131167 <0.01 4.7 251 191329 <001 O
HB 4 1025/1931 1.14 0.84-1.57 0.40 829 1.00 0.65-1.54 0.99 782 145 0.59-356 042 872 1.05 0.68-1.65 0.81 818 159 0.86-2.94 0.14 80.6
Genotyping
PCR-RFLP 5 2898/3750 1.47 1.35-1.59 <0.01 271 133 1.19-1.47 <0.01 21 289 230-3.64 <0.01 O 1.46 1.32-1.61 <0.01 242 258 2.06-3.32 <0.01 O
Tagman 2 225/331 0.84 0.66-1.08 0.17 0 0.61 0.25-1.47 0.27 70.8 0.65 0.39-1.08 0.10 252 0.63 0.29-1.35 0.23 65.3 0.93 0.64-1.34 0.67 0
rs4759314 A>G Gvs. A AG vs. AA GG vs. AA AG+GG vs. AA GG vs. AA+AG
Total 5 3748/4509 0.94 0.82-1.07 034 O 0.95 0.82-1.10 0.50 0 0.66 0.29-1.50 0.32 30.2 0.94 0.82-1.09 041 O 0.66 0.29-1.50 0.33 30.0
Design
PB 3 2733/2855 0.88 0.75-1.03 0.12 O 0.89 0.75-1.06 0.20 0 0.80 0.11-5.82 0.83 64.6 0.88 0.75-1.05 0.15 0 0.81 0.11-5.87 0.84 645
HB 2 1015/1654 1.10 0.85-1.42 048 O 1.11 0.85-1.46 0.43 0 0.86 0.154.82 086 O 1.11 0.85-1.44 045 O 0.84 0.15-4.76 0.85 0
Genotyping
PCR-RFLP 3 2015/2654 1.02 0.84-1.24 0.81 0 1.02 0.83-1.25 0.85 0 1.15 0.30-4.47 0.84 0 1.02 0.84-1.25 0.83 0 1.15 0.30-4.45 0.84 0
RT-PCR 2 1733/1855 0.86 0.71-1.04 012 O 0.89 0.73-1.09 0.26 0 0.53 0.03-10.04 0.68 79.8 0.87 0.72-1.06 018 0 0.54 0.03-10.50 0.68 79.7
rs1899663 G>T Tvs. G GT vs. GG TTvs. GG GT+TT vs. GG TT vs. GG+GT
Total 2 1500/2000 0.95 0.83-1.09 0.44 O 0.97 0.83-1.14 073 O 0.77 0.46-1.29 033 O 0.96 0.82-1.12 058 0 0.78 0.47-1.29 033 0

“Numbers of comparisons; #Test for heterogeneity; PB: Population-based; HB: Hospital-based; RT-PCR: Real-time PCR.

2162 Int J Clin Exp Med 2016;9(2):2157-2165
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Begg's funnel plot with pseudo 95% confidence limits

phisms and esophageal sg-
uamous cell carcinoma (ESCC)
risk. They found that the ho-
mozygous TT mutation in rs-
920778 C>T induced signifi-

g

logor
0

cantly increased ESCC risk to
Chinese populations, compa-
red with its wild type homozy-
gous CC counterpart. Since
then, numerous similar stud-
ies were reported, but the con-
clusions have not been con-
o sistent.

0 2
s.e. of: logor

Figure 3. Funnel plot analysis to detect publication bias for CT+TT vs. CC
model of INcRNAHOTAIRrs920778 C>T polymorphism. Circles represent the

weight of the studies.

Meta-analysis estimates, given named study is omitted

‘ In this meta-analysis, we ex-
plored the associations bet-
ween the IncRNA HOTAIR (rs-
920778 C>T, rs4759314 A>G,
rs1899663 G>T) polymorphi-
sms and cancer risk in select-
ed case-control studies. We
observed significant associa-

Srangt 2016 | Lower CI Limit Estln;ate Upper CI Limit tions Of I’S920778 C>T Wlth
cancer risk in Asian popula-
‘ 5 | tions but not in Caucasian po-
Zhangz (2014) pulations. Our meta-analysis
indicates that ethnic diversity
Zhang3 (2014) ° might be a basic factor in dif-
ferential cancer susceptibi-
Suleyman (2015) ° lity in different populations. In
contrast, no significant asso-
Pan1 (2015) 9 ciations were found with rs-
4759314 A>Gand rs1899663

Pan2 (2015) | © ' G>T.
Silleyman (2015) ! o .1 To_ th_e best pf our knowledgg,
this is the first meta-analysis

1.00 1.10 1.33 162 168

Figure 4. Sensitivity analysis via deletion of each individual study reflects
the relative influence of each individual dataset on the pooled ORs in the
CT+TT vs. CC model of INcRNAHOTAIRrs920778 C>T polymorphism and can-

cer risk.

Genomic mutations, particularly SNPs, are criti-
cal to the transformation from a normal cell to
a cancerous cell, rendering it capable of rapid
proliferation and metastasis. Since 2000, re-
searchers have focused on polymorphisms
that are located in non-coding regions of the
genome, including those in microRNAs and
IncRNAs. In this context, three important poly-
morphisms of HOTAIR (rs920778 C>T, rs475-
9314 A>G, rs1899663 G>T) were reported by
several molecular epidemiological studies. For
example, Zhang et al. [15] reported, for the first
time, the association between HOTAIR polymor-
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to investigate the association
between the IncRNA HOTAIR
(rs920778 C>T, rs4759314
A>G, rs1899663 G>T) poly-
morphisms and cancer risk.
Although heterogeneity was
present for rs920778 C>T overall, the subgroup
analyses successfully reduced heterogeneity in
Asian populations. This also suggests that eth-
nic diversity might underlie this heterogeneity.
Moreover, no publication bias existed for any of
the three polymorphisms. All the five compari-
son models yielded consistent conclusions,
which also indicate that our results are stable.

However, few limitations in this meta-analysis
need to be addressed. First, only six eligible
articles were selected that reported small sam-
ple sizes. The result might deviate from the real

Int J Clin Exp Med 2016;9(2):2157-2165
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association between IncRNA HOTAIR polymor-
phisms and cancer risk for insufficient data.
Second, six studies included in our study were
conducted in Chinese and Turkish populations.
Therefore, potential ethnicity bias might exist
owing to which our results might not be appli-
cable to other races. Third, cancer could arise
from multifactorial interactions between genet-
ic mutations, environmental changes, lifestyle,
diet, age, etc. These complex intrinsic mecha-
nisms are beyond the scope of our meta-analy-
sis of unadjusted databases.

Conclusions

Despite the above-mentioned limitations, this
meta-analysis indicates that IncRNA HOTAIR
rs920778 C>T polymorphism might be an
increased risk factor for cancer development,
especially in Asian populations. For complete
elucidation, further studies associating INcCRNA
HOTAIR polymorphisms, environmental factors,
and cancer risk are needed.

Acknowledgements

Supported by grant No. 81302361 from the
National Natural Science Foundation of China
and grant No. D20142102 from Ministry of
Education of Hubei Province.

Disclosure of conflict of interest
None.

Address correspondence to: Yu-Ming Niu, Depart-
ment of Stomatology and Evidence-Based Medicine
Center and Clinical Research, Taihe Hospital, Hubei
University of Medicine, 32 South Renmin Road,
Shiyan 442000, P. R. China. Tel: +86 719 8801427;
Fax: +86-719-8801218; E-mail: niuyuming@yeah.
net; Hua Yuan, Jiangsu Key Laboratory of Oral Dise-
ases, Nanjing Medical University; Affiliated Hospital
of Stomatology, Nanjing Medical University, Nanjing
210029, P. R. China. E-mail: yuanhua@njmu.edu.cn

References

[1] Argiris A, Karamouzis MV, Raben D, Ferris RL.
Head and neck cancer. Lancet 2008; 371:
1695-709.

[2] Ferlay J, Shin HR, Bray F, Forman D, Mathers C,
Parkin DM. Estimates of worldwide burden of
cancer in 2008: GLOBOCAN 2008. Int J Cancer
2010; 127: 2893-917.

[3] Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieu-
lent J, Jemal A. Global cancer statistics, 2012.
CA Cancer J Clin 2015; 65: 87-108.

2164

[4] Toporcov TN, Znaor A, Zhang ZF, Yu GP, Winn
DM, Wei Q, Vilensky M, Vaughan T, Thomson P,
Talamini R, Szeszenia-Dabrowska N, Sturgis
EM, Smith E, Shangina O, Schwartz SM,
Schantz S, Rudnai P, Richiardi L, Ramroth H,
Purdue MP, Olshan AF, Eluf-Neto J, Muscat J,
Moyses RA, Morgenstern H, Menezes A, Mc-
Clean M, Matsuo K, Mates D, Macfarlane TV,
Lissowska J, Levi F, Lazarus P, La Vecchia C,
Lagiou P, Koifman S, Kjaerheim K, Kelsey K,
Holcatova |, Herrero R, Healy C, Hayes RB,
Franceschi S, Fernandez L, Fabianova E, Daudt
AW, Curioni OA, Maso LD, Curado MP, Conway
DI, Chen C, Castellsague X, Canova C, Cadoni
G, Brennan P, Boccia S, Antunes JL, Ahrens W,
Agudo A, Boffetta P, Hashibe M, Lee YC, Filho
VW. Risk factors for head and neck cancer in
young adults: a pooled analysis in the IN-
HANCE consortium. Int J Epidemiol 2015; 44:
169-85.

[5] Diakos Cl, Charles KA, McMillan DC, Clarke SJ.
Cancer-related inflammation and treatment ef-
fectiveness. Lancet Oncol 2014; 15: e493-
503.

[6] Lacroix L, Post SF, Valent A, Melkane AE, Vielh
P, Egile C, Castell C, Larois C, Micallef S, Saul-
nier P, Goulaouic H, Lefebvre AM, Temam
S. MET genetic abnormalities unreliable for
patient selection for therapeutic intervention
in oropharyngeal squamous cell carcinoma.
PLoS One 2014; 9: e843109.

[71 Chen G, Wang Z, Wang D, Qiu C, Liu M, Chen X,
Zhang Q, Yan G, Cui Q. LncRNADisease: a data-
base for long-non-coding RNA-associated dis-
eases. Nucleic Acids Res 2013; 41: D983-6.

[8] Wapinski O, Chang HY. Long noncoding RNAs
and human disease. Trends Cell Biol 2011; 21:
354-61.

[9] DerrienT, Johnson R, Bussotti G, Tanzer A, Dje-
bali S, Tilgner H, Guernec G, Martin D, Merkel
A, Knowles DG, Lagarde J, Veeravalli L, Ruan X,
Ruan Y, Lassmann T, Carninci P, Brown JB, Li-
povich L, Gonzalez JM, Thomas M, Davis CA,
Shiekhattar R, Gingeras TR, Hubbard TJ, Notre-
dame C, Harrow J, Guigo R. The GENCODE v7
catalog of human long noncoding RNAs: analy-
sis of their gene structure, evolution, and ex-
pression. Genome Res 2012; 22: 1775-89.

[10] Rinn JL, Kertesz M, Wang JK, Squazzo SL, Xu X,
Brugmann SA, Goodnough LH, Helms JA, Farn-
ham PJ, Segal E, Chang HY. Functional demar-
cation of active and silent chromatin domains
in human HOX loci by noncoding RNAs. Cell
2007; 129: 1311-23.

[11] Prensner JR, Chinnaiyan AM. The emergence
of IncRNAs in cancer biology. Cancer Discov
2011; 1: 391-407.

[12] Yang G, Lu X, Yuan L. LncRNA: a link between
RNA and cancer. Biochim Biophys Acta 2014;
1839: 1097-109.

Int J Clin Exp Med 2016;9(2):2157-2165


mailto:niuyuming@yeah.net
mailto:niuyuming@yeah.net
mailto:yuanhua@njmu.edu.cn

[13]

(14]

[15]

(16]

[17]

(18]

[19]

[20]

[21]

2165

INcRNAHOTAIR polymorphisms and cancer risk

Niu YM, Du XY, Lu MY, Xu QL, Luo J, Shen M.
Significant association between functional mi-
croRNA polymorphisms and head and neck
cancer susceptibility: a comprehensive meta-
analysis. Sci Rep 2015; 5: 12972.

Zhang L, Chen LM, Wang MN, Chen XJ, Li N,
Huang YD, Chen M. The G894t, T-786¢ and
4b/a polymorphisms in Enos gene and cancer
risk: a meta-analysis. J Evid Based Med 2014;
7: 263-9.

Zhang X, Zhou L, Fu G, Sun F, Shi J, Wei J, Lu C,
Zhou C, Yuan Q, Yang M. The identification of
an ESCC susceptibility SNP rs920778 that
regulates the expression of IncRNA HOTAIR
via a novel intronic enhancer. Carcinogenesis
2014; 35: 2062-7.

Guo W, Dong Z, Bai Y, Guo Y, Shen S, Kuang G,
Xu J. Associations between polymorphisms of
HOTAIR and risk of gastric cardia adenocarci-
noma in a population of north China. Tumour
Biol 2015; 36: 2845-54.

Xue Y, Gu D, Ma G, Zhu L, Hua Q, Chu H, Tong
N, Chen J, Zhang Z, Wang M. Genetic variants
in IncRNA HOTAIR are associated with risk
of colorectal cancer. Mutagenesis 2015; 30:
303-10.

Bayram S, Sumbul AT, Batmaci CY, Genc A. Ef-
fect of HOTAIR rs920778 polymorphism on
breast cancer susceptibility and clinicopatho-
logic features in a Turkish population. Tumour
Biol 2015; 36: 3863-70.

Moher D, Liberati A, Tetzlaff J, Aitman DG. Pre-
ferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement.
BMJ 2009; 339: b2535.

Niu YM, Weng H, Zhang C, Yuan RX, Yan JZ,
Meng XY, Luo J. Systematic Review by Multi-
variate Meta-analyses on the Possible Role of
Tumor Necrosis Factor-alpha Gene Polymor-
phisms in Association with Ischemic Stroke.
Neuromolecular Med 2015; 17: 373-84.
Huedo-Medina TB, Sanchez-Meca J, Marin-
Martinez F, Botella J. Assessing heterogeneity
in meta-analysis: Q statistic or 12 index? Psy-
chol Methods 2006; 11: 193-206.

[22]

(23]

(24]

[25]

[26]

[27]

(28]

[29]

[30]

DerSimonian R, Laird N. Meta-analysis in clini-
cal trials. Control Clin Trials 1986; 7: 177-88.
Mantel N, Haenszel W. Statistical aspects of
the analysis of data from retrospective studies
of disease. J Natl Cancer Inst 1959; 22: 719-
48.

Egger M, Davey Smith G, Schneider M, Minder
C. Bias in meta-analysis detected by a simple,
graphical test. BMJ 1997; 315: 629-34.

Begg CB, Mazumdar M. Operating characteris-
tics of a rank correlation test for publication
bias. Biometrics 1994; 50: 1088-101.

Pan W, Liu L, Wei J, Ge Y, Zhang J, Chen H,
Zhou L, Yuan Q, Zhou C, Yang M. A functional
IncRNA HOTAIR genetic variant contributes to
gastric cancer susceptibility. Mol Carcinog
2016; 55: 90-6.

Bayram S, Ulger Y, Sumbul AT, Kaya BY, Rencu-
zogullari A, Genc A, Sevgiler Y, Bozkurt O, Ren-
cuzogullari E. A functional HOTAIR rs920778
polymorphism does not contributes to gastric
cancer in a Turkish population: a case-control
study. Fam Cancer 2015; 14: 561-7.

WuY, Zhang L, Wang, Li H, Ren X, Wei F, Yu W,
Wang X, Yu J, Hao X. Long noncoding RNA HO-
TAIR involvement in cancer. Tumour Biol 2014;
35:9531-8.

Gupta RA, Shah N, Wang KC, Kim J, Horlings
HM, Wong DJ, Tsai MC, Hung T, Argani P, Rinn
JL, Wang Y, Brzoska P, Kong B, Li R, West RB,
van de Vijver MJ, Sukumar S, Chang HY. Long
non-coding RNA HOTAIR reprograms chromatin
state to promote cancer metastasis. Nature
2010; 464: 1071-6.

Nakagawa T, Endo H, Yokoyama M, Abe J, Ta-
mai K, Tanaka N, Sato |, Takahashi S, Kondo T,
Satoh K. Large noncoding RNA HOTAIR en-
hances aggressive biological behavior and is
associated with short disease-free survival in
human non-small cell lung cancer. Biochem
Biophys Res Commun 2013; 436: 319-24.

Int J Clin Exp Med 2016;9(2):2157-2165



