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Abstract. Single nucleotide polymorphism (SNP) of long 
noncoding RNA (lnc)RNA has been reported to be an 
important factor in cancer development. Recently, lncRNA 
homeobox transcript antisense intergenic RNA (HOTAIR) 
was indicated to induce tumorigenesis of several cancer types, 
but the association between the SNP of lncRNA HOTAIR 
and lung cancer susceptibility has remained undetermined. 
The present meta‑analysis aimed to investigate the effect of 
HOTAIR polymorphism on susceptibility to lung cancer. 
The PubMed, Ovid Medline, Embase and Cochrane Library 
databases were thoroughly searched. Studies containing data 
on the incidence of lung cancer in patients with different 
HOTAIR SNPs were included. The Hardy‑Weinberg equi‑
librium was analyzed to determine genotype distribution and 
allele frequencies. The odds ratio (OR) was pooled to evaluate 
the association of different SNPs with the susceptibility to 
lung cancer. A total of six studies comprising 1,715 patients 
with lung cancer and 2,745 healthy controls were finally 
included. A total of 4 SNPs (rs12826786, rs1899663, rs920778 
and rs4759314) were reported. Analyses for all of these SNPs 
individually indicated that the lncRNA HOTAIR rs1899663 
C>A polymorphism was a risk factor for lung cancer (domi‑
nant mode, AA+CA vs. CC: OR=0.816, 95% CI=0.707‑0.942, 
P=0.005). The present study was the first meta‑analysis inves‑
tigating the association between lncRNA HOTAIR and lung 
cancer susceptibility. The results indicated that the lncRNA 
HOTAIR rs1899663 C>A polymorphism is a risk factor for 
lung cancer. LncRNA HOTAIR may be of value in lung 

cancer screening, particularly for populations with high‑risk 
factors, as well as prognosis prediction. Future investigations 
are required to further clarify the intrinsic mechanism of the 
role of HOTAIR in the oncogenesis of lung cancer.

Introduction

Lung cancer has brought a heavy burden to human society 
and families, with high morbidity and mortality rates among 
all types of malignant tumors (1). The statistical report on 
cancer incidence and mortality published by the International 
Cancer Center (GLOBOCAN 2018) suggests that lung cancer 
is a leading cause of death of patients with cancer in China 
and worldwide  (2). Globally, it is estimated that there are 
2.1 million new cases of lung cancer and 1.8 million lung 
cancer‑related deaths each year (2). In China, the incidence 
of lung cancer is reported to be 5.7 per million and the total 
number of new cases is ~787,000, accounting for 20% of the 
total malignant tumor cases (3).

The occurrence and development of lung cancer are closely 
related to the tumor micro‑environment, personal living habits 
and genetic differences (4,5). Smoking, history of lung‑related 
diseases, air pollutants, family history of tumors, ethnic differ‑
ences, obesity, occupational exposure and poor eating habits 
may increase the risk of lung cancer (6). Although smoking is 
a well‑recognized risk factor for lung cancer, lung cancer also 
occurs in 10‑25% of non‑smokers. The influence of personal 
genetic factors on the pathogenesis of lung cancer should not 
be underestimated (7,8).

With the rise of molecular epidemiology, the ENCODE 
project indicated that up to 75% of human genome nucleotides 
may be transcribed into the original transcripts, producing 
a series of common RNAs including non‑coding RNAs 
(ncRNA) (9). A large number of studies have indicated that 
most ncRNAs do not encode proteins but have specific func‑
tions (10). At the level of apparent modification, long ncRNA 
(lncRNA) affects numerous aspects of chromosome biology by 
remodeling chromatin structure and regulating a large number 
of genes. Based on its various characteristics and regulatory 
mechanisms, the abnormal expression of lncRNA may also 
be involved in the occurrence, development and metastasis of 
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tumors, thus affecting tumor staging and the occurrence of 
various cancers (11,12). The potential impact of lncRNA on 
the occurrence, development, treatment and prognosis of lung 
cancer is worthy of further investigation (13).

Single nucleotide polymorphism (SNP) refers to the poly‑
morphism in the DNA sequence caused by the variation of a 
single nucleotide in the genome. It is a heritable variation that 
exists widely in the human genome (14). It is estimated that 
there is one SNP per 1,000 bases on average, which is recog‑
nized as the third‑generation genetic marker after restriction 
fragment length polymorphism and microsatellites. SNP is 
involved in the transcription of coding genes by influencing 
the binding of transcription factors, thereby affecting gene 
expression. Researchers have discovered a large number of 
SNPs associated with diseases through genome‑wide asso‑
ciation studies and about one‑third of the SNPs are located in 
non‑protein coding regions, indicating the SNPs of lncRNA 
may also have an important role in disease (15). Emerging 
evidence suggested that the SNPs of lncRNAs are related to 
the susceptibility to and prognosis of various types of malig‑
nant tumor, such as breast cancer, gastric cancer and colorectal 
cancer (16).

In recent years, researchers have discovered that the 
homeobox (HOX) gene family participates in embryonic 
development (17). In their study from 2007, Rinn et al (18) 
used high‑resolution microarray technology to identify and 
analyze hundreds of ncRNAs transcribed from the HOX 
gene cluster from 11 types of fibroblasts and discovered HOX 
transcript antisense intergenic RNA (HOTAIR) at the HOXC 
gene locus located on chromosome 12. HOTAIR was recently 
considered a novel oncogene, but it is controversial whether 
the SNP of lncRNA HOTAIR has a risk effect to influence 
lung cancer susceptibility (19). LncRNA HOTAIR is located 
at 12q13.13 and the length is 2.1 kb. There are four gene clus‑
ters in the genome: HOXA, HOXB, HOXC and HOXD (20). 
The transcription of these four gene clusters produces several 
long‑chain ncRNAs and their expression has a temporal and 
spatial specificity (21). Although HOTAIR is produced from 
the HOXC sequence, it has the function of inhibiting the 
expression of the HOXD gene. The secondary structure of 
HOTAIR contains four independent folding units, two of which 
are evolutionarily conserved protein‑binding domains (22). 
HOTAIR is produced and enriched in the nucleus and 
expressed in the cytoplasm. The HOTAIR‑mediated epigen‑
etic silencing function works by acting as a scaffold for the 
polycomb repressive complex 2 (PRC2) and lysine specific 
demethylase 1/RE1‑silencing transcription factor (REST) 
co‑repressor 1/REST complex. PRC2 binds to the 5' end of 
HOTAIR and regulates chromosome occupancy through the 
subunit EZH2 of the PRC2 complex, leading to the meth‑
ylation of histone H3 lysine in the chromosome sequence 
region of the HOXD gene (23). Studies have indicated that 
at least 16 types of malignant tumor have increased expres‑
sion of HOTAIR (24‑26). Furthermore, it was reported that 
overexpressed HOTAIR combines with PRC2 to regulate 
gene expression patterns by changing the methylation status 
of H3K27, thus increasing the ability of cancer cells to 
metastasize and invade. Knockdown of HOTAIR or PRC2 is 
able to inhibit the invasion and metastasis ability of cancer 
cells (27). A number of studies focusing on lung cancer have 

reported that HOTAIR has a proto‑oncogene function in lung 
cancer. For instance, compared with adjacent tissues, the 
expression of HOTAIR in lung cancer tissue is significantly 
higher (28). The increased HOTAIR expression in non‑small 
cell lung cancer is similar to that of lung adenocarcinoma 
and lung squamous cells (29). Another study determined that 
elevated HOTAIR expression was associated with the brain 
metastasis rate of lung cancer (30). The association between 
the SNP of lncRNA HOTAIR and lung cancer susceptibility 
remains to be further investigated.

Thus, the present systematic review and meta‑analysis was 
performed to investigate the association between lncRNA 
HOTAIR SNP and lung cancer susceptibility.

Materials and methods

Literature search and search strategy. This systematic review 
and meta‑analysis was performed following the preferred 
reporting items for systematic review and meta‑analysis 
(PRISMA) guidelines (31). A computerized literature search 
was performed in the PubMed (https://pubmed.ncbi.nlm.nih.
gov/), Ovid Medline (https://www.wolterskluwer.com/en/solu‑
tions/ovid/ovid‑medline‑901), Embase (https://www.embase.
com) and Cochrane Library databases (https://www.
cochranelibrary.com/) up to May 2nd 2021. Relevant studies 
were also searched in Chinese databases, including Chinese 
National Knowledge Infrastructure (CNKI; https://www.cnki.
net/) and Wanfang (https://www.wanfangdata.com.cn/index.
html). Google scholar (https://scholar.google.com/) was 
searched for gray literature that is not formally published in 
sources such as books or journal articles.

Regarding the search strategy, terms included the 
following items: (‘lncRNA’ or ‘long non‑coding RNA’) and 
(‘SNP’ or ‘polymorphism’ or ‘variants’) and (‘lung cancer’ or 
‘lung tumor’ or ‘lung neoplasm’ or ‘adenocarcinoma’ or ‘lung 
carcinoma’) and (‘HOTAIR’ or ‘HOX transcript antisense 
intergenic RNA’). The items were searched for keywords 
and medical sub‑headings. All results were downloaded and 
imported into Endnote X6 (Thomson Reuters) for further 
literature screening.

Inclusion and exclusion criteria. All of the studies evaluating 
and assessing the association between lncRNA HOTAIR 
polymorphism and the susceptibility to lung cancer were 
included in the present study. The inclusion criteria were as 
follows: i) Patients with lung cancer; ii) case‑control studies 
on the polymorphism of lncRNA HOTAIR; iii) number of 
patients >50. The exclusion criteria were as follows: i) Reviews, 
observational studies, comments, case series and case reports; 
ii) lack of data on lncRNA HOTAIR; iii) lack of information 
on lung cancer risk; and iv) lack of available data that were 
able to be extracted from the text/table/graphs or obtained 
from the authors on request. There was no limitation in terms 
of the language of the studies included and the reference lists 
of reviews were also screened for the retrieval and further 
inclusion of studies.

Literature screening, data extraction and quality assessment. 
A total of two investigators (CK and XF) independently 
screened titles and abstracts according to the inclusion and 
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exclusion criteria. The full‑text was further screened for data 
extraction or assessed for the inclusion criteria. In the case of 
any disagreements, a third investigator (XH) was consulted to 
resolve the divergence.

The data were extracted by two reviewers independently 
(CK and XF). All the data were imported into a standard form, 
including the name of the first author of the study, publica‑
tion year, recruitment years and country, genotyping methods 
and the common polymorphism of HOTAIR. In addition, 
the sample size, as well as the age, sex, smoking history and 
alcohol use of healthy participants (control group) and patients 
with lung cancer (case group) were recorded. The raw data are 
provided as supplemental material (Table SI).

The study quality was evaluated according to 
Newcastle‑Ottawa Scale (NOS), with a score of 7‑9 considered 
to indicate high quality, whereas a score of 0‑6 was indicative 
of low quality (32).

Statistical analysis. The meta‑analysis was performed 
with Stata 15.0 software (StataCorp LP). The genotype 
frequencies of lncRNA HOTAIR polymorphisms for the 
Hardy‑Weinberg equilibrium (HWE) were calculated for 
the controls using the χ2 test and P<0.05 was considered to 
indicate a significant disequilibrium. The risk was pooled by 
the odds ratio (OR) and 95% confidence intervals (CI). The 

result of the pooled OR was visualized through the forest 
plot by using the metan module of Stata. The heterogeneity 
existing among studies was evaluated by the I2 statistic and 
χ2 test, with I2 ≥50% indicating the presence of heterogeneity. 
The random‑effects model was used if heterogeneity was 
present among studies, while otherwise, the fixed‑effects 
model was used. The risks of the heterozygote and variant 
homozygote compared with the wild‑type homozygote were 
estimated. Furthermore, the dominant and recessive mode 
of the variant allele were evaluated. The sensitivity analysis 
was performed by reperforming the OR calculation while 
omitting one individual study at a time. Sensitivity analysis 
was performed for rs12826786, rs1899663, rs4759314 and 
rs920778 for all modes, including the dominant mode, reces‑
sive mode, additive mode, heterozygote mode, homozygote 
mode and allele mode. Egger's linear regression method 
was used to statistically assess the publication bias by Stata 
15.0. The funnel plot for exploring the missed‑reported 
articles was also analysed with the metafunnel module of 
Stata to visually display the outcomes of publication bias 
assessment. Subgroup analysis was performed using the 
metan module of Stata. The further heterogeneity analysis 
was performed based on the results of the subgroup analysis. 
P<0.05 was considered to indicate statistical significance for 
all analyses.

Figure 1. Flowchart of the literature screening. Records were searched via databases (n=46) and other sources (n=8). Finally, a total of 6 records were 
considered eligible and included in the present meta‑analysis. SNP, single nucleotide polymorphism; lncRNA, long noncoding RNA; HOTAIR, homeobox 
transcript antisense intergenic RNA.



KE et al:  HOTAIR AND LUNG CANCER4

Results

Study selection and characteristics of included studies. A 
total of 46 studies were retrieved by searching the databases as 
described above, as well as 8 studies via other methods. Thus, 
a total of 54 studies focusing on the association of lncRNA 
HOTAIR with lung cancer were identified based on the search 
strategy. After excluding duplicates and other studies based 
on the inclusion and exclusion criteria, six studies were finally 
included in the present study (33‑38). The literature screening 
process is presented in Fig. 1.

The characteristics of the included studies are described in 
Table I. The year of publication ranged from 2016 to 2020 and 
the recruitment period ranged from 1995 to 2017. Of the six 
studies, four were from China and the other two studies were 
from Turkey and Japan, respectively. Furthermore, two studies 
used MassArray to detect the SNPs of lncRNA, while the 
other four studies used the TaqMan assay instead. A total of 
1,715 patients with lung cancer and 2,745 healthy participants 
were included in the analysis of the present study. The average 
age of the lung cancer group was 57.9‑64.3 years, while it was 
56.6‑64.8 years for the healthy participants (control group). 
The proportion of male subjects ranged from 29.9 to 96.9% 
in the control group, as compared to 35.4‑81.6% in the lung 
cancer group. A history of smoking was present in 20.1‑96.6% 
of the healthy participants and in 29.9‑99.4% of the patients 
with lung cancer. The results of the quality assessment are 
listed in Table I. Of the studies, four scored as >6 and were 
considered to be of high quality.

Genotype frequency distributions. Table II displays the genotype 
frequency distributions of the five SNPs of lncRNA HOTAIR. 
Regarding HOTAIR rs128261786 and HOTAIR rs1899663, 
PHWE<0.05 was calculated for the study by Wang et al (35), 
indicating unbalanced data in terms of the two SNPs.

Main findings. The association between different HOTAIR 
SNPs and lung cancer susceptibility is presented in Table III. 
No significant association with the susceptibility for lung 
cancer was obtained for SNPs rs12826786, rs4359714 and 
rs920778 (P>0.05 for all modes). However, the lncRNA 
HOTAIR rs1899663 C>A polymorphism was a risk factor 
for lung cancer (dominant mode, AA+CA vs. CC: OR=0.816, 
95% CI=0.707‑0.942, P=0.005). However, for the recessive 
mode, additive mode, heterozygote mode, homozygote mode 
and allele mode, no significant association with lung cancer 
was observed.

The sensitivity analysis suggested that the omission of any 
single study did not significantly alter the overall pooled ORs 
in dominant mode, recessive mode, additive mode, heterozy‑
gote mode, homozygote mode and allele mode (Fig. 2).

Since the lncRNA HOTAIR rs1899663 C>A polymor‑
phism was identified as a risk factor for lung cancer (OR=0.816; 
Fig.  3A), a further analysis was performed, including a 
publication bias analysis and subgroup analysis in terms of 
rs1899663 (dominant mode, AA+CA vs. CC). The P‑value 
as calculated using Egger's test (Fig. 3B) was 0.466 and the 
funnel plot indicated a good symmetry (Fig. 3C). These results 
suggested that no significant publication bias was present. In 
the further subgroup analysis, the studies with higher quality 
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(NOS score >6) also suggested a significant association 
of the rs1899663 C>A polymorphism with the risk of lung 
cancer (OR=0.77, 95%  CI=0.65‑0.92, P=0.003; Fig.  4A). 
Similar results were obtained in the subgroup of cancer type 
(lung cancer) (Fig. 4B). As for the studies with PHWE≥0.05 
(Fig. 4C), the trend for the risk of lung cancer was similar 
(OR=0.92, 95% CI=0.75‑1.12, P=0.406). As for the study by 
Wang et al (35) with PHWE<0.05, a significant association was 
observed (OR=0.73, 95% CI=0.60‑0.90, P=0.003). Of note, in 
each of the subgroups, no heterogeneity was detected (I2=0 for 
all subgroups with the number of studies >1), indicating that 

the NOS quality, type of cancer and gene frequency disequilib‑
rium may be potential sources of heterogeneity. However, the 
overall heterogeneity for the rs1899663 C>A polymorphism 
was minor (I2=37.7%, P=0.201).

Discussion

The present study indicated that the lncRNA HOTAIR 
rs1899663 C>A polymorphism is a risk factor for lung cancer. 
In previous studies on the topic of HOTAIR‑associated 
lung cancer susceptibility, two or three SNPs were usually 

Table II. Common gene polymorphisms of homeobox transcript antisense intergenic RNA in the included studies.

A, rs920778

	 Controls	 Cases
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Author (year)	 Total	 AA	 AG	 GG	 Total	 AA	 AG	 GG	 PHWE	 (Refs.)

Ren (2020)	 183	 104	 69	 10	 184	 114	 60	 10	 0.7416	 (33)
Minn (2020)	 1,241	 698	 473	 70	 129	 75	 53	 1	 0.3844	 (34)
Wang (2018)	 451	 233	 192	 26	 262	 110	 132	 20	 0.0947	 (35)
Li (2018)	 551	 326	 203	 22	 543	 324	 197	 22	 0.1640	 (36)

B, rs12826786

	 Controls	 Cases
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Author (year)	 Total	 AA	 AG	 GG	 Total	 AA	 AG	 GG	 PHWE	 (Refs.)

Wang (2018)	 451	 355	 85	 11	 262	 200	 49	 13	 0.0047	 (35)
Li (2018)	 551	 381	 156	 14	 543	 340	 185	 18	 0.6767	 (36)
Dadaş (2018) 	 93	 38	 41	 14	 87	 33	 41	 13	 0.5934	 (37)

C, rs1899663

	 Controls	 Cases
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Author (year)	 Total	 AA	 AG	 GG	 Total	 AA	 AG	 GG	 PHWE	 (Refs.)

Ren (2020)	 188	 123	 60	 5	 187	 131	 52	 4	 0.4656	 (33)
Wang (2018)	 452	 254	 189	 9	 262	 178	 66	 18	 0.0001	 (35)
Dadaş (2018)	 93	 41	 40	 12	 87	 39	 37	 11	 0.6495	 (37)

D, rs4759314

	 Controls	 Cases
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Author (year)	 Total	 AA	 AG	 GG	 Total	 AA	 AG	 GG	 PHWE	 (Refs.)

Wang (2018)	 451	 412	 37	 2	 262	 238	 21	 3	 0.2463	 (35)
Ren (2020)	 184	 168	 16	 0	 175	 158	 17	 0	 0.5375	 (33)
Li (2018)	 551	 489	 61	 1	 543	 526	 16	 1	 0.5268	 (36)

HWE, Hardy‑Weinberg equilibrium.
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investigated in an individual study. However, at least four 
SNPs (rs128261786, rs1899663, rs920778 and rs4759314) of 
HOTAIR have been reported in the lung cancer population. 
The present meta‑analysis included all of these SNPs into 
the analysis and therefore arrived at a more comprehensive 
conclusion. The previous results remain controversial in that 
each SNP has been reported to be related to lung cancer in 
one or two of these previous studies. However, in the present 
meta‑analysis, these data were integrated and according 
to the results, only rs1899663 was a significant risk factor. 
To the best of our knowledge, the present study was the 
first systematic review and meta‑analysis focusing on the 
association between lncRNA HOTAIR and lung cancer 
susceptibility that has integrated all these four SNPs into its 
analysis, which is the novelty of this work.

Genetic differences in DNA sequences lead to phenotypic 
variation, which affects changes in phenotypic characteristics, 
disease risks and responses to the environment (39). At the 
same time, human genetic diversity is not limited to individual 
polymorphisms, but also to the specific combinations of tightly 

linked alleles. The most common form of gene polymor‑
phism is SNP, which refers to the polymorphism in the DNA 
sequence caused by the variation of a single nucleotide base in 
the genome. The types of SNP include conversion, transver‑
sion, insertion and deletion (40). SNP is associated with the 
function and expression level of the downstream protein by 
changing the protein‑coding sequence and influencing the 
splicing changes of exons and introns, thereby affecting the 
individual's susceptibility to disease, prognosis and respon‑
siveness to drugs (41).

To date, only a small number of studies have reported on 
the relationship between the SNP of the HOTAIR sequence 
and the susceptibility to malignancies. A study reported an 
enhancer‑like sequence on the intron 1,719‑2,353 bp down‑
stream of the transcription start position of HOTAIR (42). 
There was a risk site for esophageal squamous cell 
carcinoma, rs920778, carrying the rs920778T allele. The 
expression level of the reported gene was higher than that 
of the rs920778C allele. This study also performed SNP 
typing and quantitative PCR using esophageal squamous 

Table III. Association of homeobox transcript antisense intergenic RNA gene polymorphisms and lung cancer risk.

SNP/mode	 Comparison	 N	 OR (95% CI)	 P‑value	 I2 (%)	 Model for meta‑analysis

rs12826786
  Dominant	 TT+CT vs. CC	 3	 0.964 (0.793‑1.172)	 0.716	 56.30	 Random‑effects
  Recessive	 TT vs. CC+CT	 3	 1.101 (0.732‑1.657)	 0.643	 42.50	 Fixed‑effects
  Additive	 TT+CC vs. TC	 3	 1.043 (0.987‑1.102)	 0.134	 26.40	 Fixed‑effects
  Heterozygote	 CT vs. CC	 3	 0.899 (0.783‑1.032)	 0.131	 29.60	 Fixed‑effects
  Homozygote	 TT vs. CC	 3	 1.085 (0.730‑1.613)	 0.686	 49.90	 Fixed‑effects
  Allele	 T vs. C	 3	 0.990 (0.782‑1.254)	 0.934	 66.50	 Random‑effects
rs1899663
  Dominant	 AA+CA vs. CC	 3	 0.816 (0.707‑0.942)	 0.005	 37.70	 Fixed‑effects
  Recessive	 AA vs. CC+CA	 3	 1.527 (0.552‑4.225)	 0.415	 72.10	 Random‑effects
  Additive	 AA+CC vs. AC	 3	 1.135 (0.969‑1.331)	 0.117	 69.90	 Random‑effects
  Heterozygote	 CA vs. CC	 3	 0.801 (0.607‑1.056)	 0.116	 64.50	 Random‑effects
  Homozygote	 AA vs. CC	 3	 1.382 (0.588‑3.247)	 0.457	 62.30	 Random‑effects
  Allele	 A vs. C	 3	 0.886 (0.762‑1.030)	 0.115	 0.00	 Fixed‑effects
rs4759314
  Dominant	 GG+AG vs. AA	 3	 1.630 (0.720‑3.690)	 0.241	 85.00	 Random‑effects
  Recessive	 GG vs. AA+AG	 2	 1.933 (0.447‑8.350)	 0.377	 0.00	 Fixed‑effects
  Additive	 AA+GG vs. AG	 3	 0.966 (0.906‑1.030)	 0.285	 83.60	 Random‑effects
  Heterozygote	 AG vs. AA	 3	 1.612 (0.670‑3.878)	 0.286	 86.20	 Random‑effects
  Homozygote	 GG vs. AA	 2	 1.983 (0.456‑8.617)	 0.361	 0.00	 Fixed‑effects
  Allele	 G vs. A	 3	 1.649 (0.769‑3.537)	 0.198	 82.90	 Random‑effects
rs920778
  Dominant	 GG+AG vs. AA	 4	 1.029 (0.902‑1.173)	 0.670	 53.60	 Random‑effects
  Recessive	 GG vs. AA+AG	 4	 0.914 (0.640‑1.304)	 0.620	 43.80	 Fixed‑effects
  Additive	 AA+GG vs. AG	 4	 0.967 (0.908‑1.029)	 0.289	 36.90	 Fixed‑effects
  Heterozygote	 AG vs. AA	 4	 1.050 (0.957‑1.151)	 0.305	 42.90	 Fixed‑effects
  Homozygote	 GG vs. AA	 4	 0.984 (0.555‑1.747)	 0.957	 53.60	 Random‑effects
  Allele	 G vs. A	 4	 1.008 (0.865‑1.176)	 0.917	 57.70	 Random‑effects

SNP, single nucleotide polymorphism; OR, odds ratio.
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cell carcinoma tissues and determined that individuals 
with the genotype rs920778TT had higher expression of 
HOTAIR than patients carrying rs920778CC (42). A study 
on papillary thyroid carcinoma indicated that in females, 
the rs920778TT and rs920778CT genotype increased the 
risk of developing papillary thyroid carcinoma by 0.75‑ and 
0.46‑fold, respectively  (43). The study also verified the 
effect of the rs920778 locus polymorphism on HOTAIR 
expression in cells and tissues. It was indicated that cells 
carrying rs920778T alleles had higher HOTAIR expression 
than those with rs920778C alleles. In thyroid squamous 
cell carcinoma tissues and normal tissues, the expression 
of HOTAIR in cancer tissues and adjacent normal tissues 
of rs920778TT and rs920778CT genotype carriers was 
higher than that in rs920778CC genotype carriers  (43). 
Previous results suggested that the expression of HOTAIR 
in individuals carrying the rs920778T allele was higher 
than that in individuals with rs920778C (44). Except for 
the proto‑oncogene role in lung cancer, HOTAIR has also 
been indicated to be related to resistance to chemotherapy. 

Liu et al (45) reported that HOTAIR expression was signifi‑
cantly upregulated in cisplatin‑resistant lung cancer cells 
and that knockdown of HOTAIR by RNA interference was 
able to resensitize the responses to cisplatin both in vitro 
and in vivo. On the other hand, overexpression of HOTAIR 
decreased the sensitivity of lung cancer cells to cisplatin. 
The HOTAIR‑associated chemosensitivity regulation was 
indicated to involve the inhibition of cell proliferation, induc‑
tion of G0/G1 cell‑cycle arrest and apoptosis enhancement 
through regulation of cyclin‑dependent kinase inhibitor 
p21WAF1/CIP1 (p21) expression (45). Accordingly, another 
clinical investigation by the same group  (28) suggested 
that high levels of HOTAIR expression were correlated 
with a more advanced pathological stage of non‑small cell 
lung cancer (NSCLC), lymph‑node metastasis, as well as a 
relatively poor prognosis. The upregulated HOTAIR may 
regulate NSCLC cell invasion and metastasis, partially 
via downregulation of HOXA5 (28). In the present study, 
a critical literature review was performed to further under‑
stand the mechanisms of HOTAIR in cancer development. 

Figure 2. Sensitivity analysis for each single nucleotide polymorphism. The sensitivity was performed by omitting one study at a time. In each row of the forest 
plot, one study was omitted. Sensitivity analysis was performed for rs12826786, rs1899663, rs4759314 and rs920778 for all modes including (A) dominant 
mode, (B) recessive mode, (C) additive mode, (D) heterozygote mode, (E) homozygote mode and (F) allele mode.
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Apart from the p21WAF1/CIP1 and HOXA5 pathways, the 
most commonly acknowledged mechanism of HOTAIR 
is through the axis of microRNA (miR) and downstream 
signaling molecules. These axes include but are not limited 
to the following: HOTAIR/miR‑222‑3p/Cyclin Dependent 
Kinase 19 axis (46), HOTAIR/specificity protein 1/miR‑199a 
axis  (47), HOTAIR/miR‑29b/phosphate and tension 
homology deleted on chromosome 10/PI3K axis  (48), 
HOTAIR/miR‑203/zinc finger E‑box binding homeobox 1 
axis  (49), HOTAIR/estrogen receptor 1/miR‑130b‑3p 
axis  (50), HOTAIR/miR‑34a/Janus kinase  2/STAT3 
axis  (51), HOTAIR/miR‑129‑5p/ribosomal protein L14 
axis  (52), HOTAIR/miR‑129‑5p/frizzled class receptor 7 
axis  (53) and HOTAIR/miR‑149‑5p/doublecortin‑like 
kinase 1 axis (54). Furthermore, HOTAIR also interacts with 
several classic signaling pathways, which are commonly 
involved in oncogenesis, such as CCL22 signaling (55), the 
Wnt/β‑catenin signaling pathway (56), EZH2 and H3K27 
methylation signaling (57). All of this evidence, as well as 
that provided by the present meta‑analysis, suggests the 
importance of lncRNA HOTAIR SNP in the development 
of lung cancer.

Of note, there are certain limitations to the present study. 
First, due to the small sample of the included studies, it was 

not possible to analyze certain SNPs because only one study 
reported the respective relation. Furthermore, lung cancer 
susceptibility was indicated to be associated with the indi‑
vidual characteristics, such as lifestyle and family history, 
which was not possible to be extracted. In addition, the 
majority of the populations were from Asia and additional data 
are required for other populations. This work was not entered 
in registries such as the Cochrane Library or PROSPERO, 
yet the present meta‑analysis was performed based on the 
PRISMA guidelines.

In conclusion, the present study was the first to system‑
atically explore the association between lncRNA HOTAIR 
SNP and lung cancer susceptibility. It was indicated that 
populations carrying the lncRNA HOTAIR rs1899663 C>A 
polymorphism may have a high risk of developing lung cancer. 
LncRNA HOTAIR may be an important novel target in lung 
cancer prevention and prognosis prediction and future inves‑
tigations are required to clarify the intrinsic mechanism of 
HOTAIR in lung cancer.

Figure 4. Subgroup analysis. Subgroup analysis was performed based on 
(A) Newcastle‑Ottawa Scale score quality assessment, (B) type of cancer 
and (C) P‑value of Hardy‑Weinberg equilibrium. OR, odds ratio; NSCLC, 
non‑small cell lung cancer.

Figure 3. Analysis for the rs1899663 C>A polymorphism. (A) The forest plot 
indicates the pooled OR for the effect of the rs1899663 C>A polymorphism 
on the risk of lung cancer. (B) Egger's test plot and (C) funnel plot for assess‑
ment of publication bias. OR, odds ratio; SND, standard normal distribution; 
se, standard error.
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