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HOTAIR plays an oncogenic role in gastric cancer through microRNA and SNP 
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HOX transcript antisense intergenic RNA (HOTAIR) is a lncRNA with a length of 2,158 nucleotides and its two terminal 
domains could combine with different complexes to function at the level of transcription and translation. It overexpresses 
in many cancers including gastric cancer. HOTAIR could play an oncogenic role in the initiation and progression of gastric 
cancer through interaction with microRNAs, such as miR-330/618/126 in the PI3K/Akt signaling pathways. HOTAIR single 
nucleotide polymorphisms (SNPs) may have genotype-function and allele-specific effect on gastric cancer by a mechanism 
that specific SNP could give rise to a variation of HOTAIR and alter the binding site of microRNAs. Both rs920778 T allele 
and rs4759314 G allele will enhance the susceptibility to gastric cancer in the Chinese populations. In a word, the suppres-
sion of HOTAIR and overexpression of downstream microRNAs may be potential therapeutic strategies of gastric cancer 
related to HOTAIR. 
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HOTAIR is an oncogenic lncRNA. Long non-coding 
RNAs (lncRNAs) are classified into many subgroups on 
the basis of their orientation and location, such as sense/
antisense, divergent/convergent, and intronic/inter-
genic types [1]. HOX transcript antisense intergenic RNA 
(HOTAIR), a lncRNA with a length of 2,158 nucleotides 
and limited protein-coding potential, is localized in the 
5’ HOXC locus on chromosome 12q13.13 and only one 
strand antisense to HOXC genes is transcribed, which is the 
first introduction to HOTAIR [2]. Two terminal domains 
of HOTAIR could combine with different complexes to 
function at the level of transcription and translation. The 5’ 
domain of HOTAIR could directly bind to the enhancer of 
zeste homolog 2 (EZH2), the catalytic subunit of Polycomb 
Repressive Complex 2 (PRC2), while the 3’ domain of 
HOTAIR could directly bind to lysine specific demethylase 
1 (LSD1) belonging to the histone demethylase complex 
by observing the distribution of map of HOTAIR deletion 
mutants, suggesting that HOTAIR plays a role as a modular 
scaffold in different complexes. Then the two combinations 
resulted in histone H3 lysine 27 (H3K27) tri-methylation 

and histone H3 lysine 4 (H3K4) demethylation, the respec-
tive histone methylation products of PRC2 and LSD1 
complexes, thereby maintaining a transcriptional inactiva-
tion in trans over the HOXD locus on chromosome 2 at last 
[3, 4].

The relative expression level of HOTAIR in cancer-associ-
ated samples could be quantified by quantitative real-time 
polymerase chain reaction (qRT-PCR) and 2–ΔΔCq method 
[5]. The first HOTAIR overexpression was found between 
primary breast cancer and metastases compared with 
normal human breast epithelia by qRT-PCR [6]. Besides, 
HOTAIR bound to PRC2 and altered the occupancy pattern 
and chromatin state, which could promote breast cancer 
metastasis to the lung [6]. A lot of reviews recapitulated that 
the overexpression of HOTAIR could also be found in many 
other cancers including colorectal cancer, hepatocellular 
cancer, gastrointestinal stromal tumor, laryngeal squamous 
cell carcinoma, lung cancer, pancreatic cancer, and gastric 
cancer [4, 7]. These findings could elucidate that HOTAIR 
is an oncogenic lncRNA. However, the overall biological 
role and clinical significance of HOTAIR in gastric carcino-
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genesis remain largely unknown, we therefore focused on 
its role in gastric cancer.

HOTAIR promotes the initiation and progression 
of gastric cancer. Gastric cancer ranked the fourth in the 
incidence rate and the third in mortality rate among all 
malignant tumors worldwide [8, 9]. The expression level of 
HOTAIR in the gastric cancer samples was diverse. Highly 
different expression levels of HOTAIR between 31 paired 
gastric adenocarcinoma tissues and normal adjacent gastric 
epithelium tissues were found and HOTAIR expression 
level had positive correlations with the expression level of 
suppressor of zeste 12 (SUZ12), TNM stages, and lymph node 
metastasis [10]. The concentration level of three lncRNAs 
H19, HOTAIR, and metastasis associated lung adenocarci-
noma transcript-1 (MALAT1) were all detected to be low and 
stable in the 43 gastric cancer plasma samples, however, only 
plasma H19 levels were significantly higher compared with 
controls [11]. In contrast, in a recent study, the plasma levels 
of HOTAIR were significantly higher in 50 gastric cancer 
patients compared with corresponding healthy controls, and 
the plasma levels of HOTAIR as a diagnosis method had 88% 
sensitivity and 84% specificity [12].

HOTAIR was overexpressed in the gastric cancerous 
tissues and was associated with invasion and apoptosis abili-
ties [13]. In addition, silencing HOTAIR could  inhibit cell 
proliferation and motility, reverse epithelial-mesenchymal 
transition (EMT), arrest the G0/G1 of the cell cycle but 
induce apoptosis in gastric cancer, demonstrating that 
HOTAIR could be an indicator of carcinogenesis [14]. In 
another study, the total expression level of HOTAIR was 
higher but that of miR-454-3p was lower in gastric cancer 
tissues than non-tumor tissues. Knockdown of HOTAIR 
increased miR-454-3p to suppress gastric cancer prolifera-
tion and promote cell apoptosis by targeting STAT3/Cyclin 
D1 [15]. Therefore, HOTAIR associated with multiple 
oncogenic properties could play an oncogenic role in gastric 
cancer and would be a potential biomarker for it.

The oncogenic properties, like EMT and invasion, 
contribute to gastric carcinogenesis and metastasis. The 
expression levels of HOTAIR in 56 out of 83 paired human 
gastric cancer tissues were significantly higher than corre-
sponding adjacent non-cancerous tissues and the morpho-
logical changes of EMT in cancer tissues were found [16]. 
After transfected with siRNA of HOTAIR, morphological 
changes similar to epithelial cells were revealed in AGS cells, 
which further suggested that HOTAIR was implicated in the 
initiation and progression of gastric cancer [16]. HOTAIR 
induced cancer cell migration and invasion through a combi-
nation with EZH2 to E-cadherin promoter directly to repress 
E-cadherin via RNA-binding protein immunoprecipitation 
and chromatin immunoprecipitation assay [17]. Noteworthy, 
in the latest study, using immunofluorescence staining to find 
E-cadherin-related morphological changes, Song et al. found 
that HOTAIR promoted EMT in gastric cancer through the 
epigenetic regulation of gene expression, such as through an 

increased switch of H3K27 acetylation to methylation at the 
E-cadherin promoter in the dependence of SUZ12, another 
subunit of PRC2 [18]. Thus, HOTAIR promotes the initia-
tion and progression of gastric cancer through an increased 
change of EMT and enhanced invasive ability.

It is a noticeable phenomenon that HOTAIR is correlated 
with the specific histological type of cancer. For instance, 
HOTAIR expression levels were higher in the diffuse-type 
gastric cancer relative to the levels in the intestinal type, and 
subjects with high HOTAIR expression group had a signifi-
cantly worse prognosis than those with low expression group 
in diffuse-type gastric cancer but not in intestinal-type [19]. 
Besides, the poor prognostic indicator of overexpressed 
HOTAIR in breast cancer patients was restricted to estrogen 
receptor (ER)-negative and node-positive patients [20]. It 
is worth further exploring the role of HOTAIR in specific 
histological types of cancer in the future.

HOTAIR results in carcinogenesis and cisplatin resis-
tance by sponging microRNA. There were emerging 
numbers of studies suggesting that the interaction of 
HOTAIR with microRNAs could change the expression 
levels of their target genes and state of signaling pathways to 
promote initiation and progression of gastric cancer.

HOTAIR was identified to upregulate the expression of 
human epithelial growth factor receptor 2 (HER2) protein 
by sponging miR-331-3p in a competitive endogenously 
manner [13]. HOTAIR directly combined with EZH2 made 
a miR-34a silence epigenetically, resulting in C-Met and Snail 
activation successively that could repress CDH1 (also as 
E-cadherin) transcription to promote EMT in gastric cancer 
[19]. HOTAIR promoted invasion and gastric cancer growth 
by sponging miR-1277-5p and upregulating collagen type 
V α1 chain (COL5A1), providing novel targets for gastric 
cancer treatment [21]. The inhibitory effect of HOTAIR on 
miR-30a/b could enhance the expression of target genes 
KRAS and VEGF-A, which promote the invasion and 
angiogenesis of gastric cancer cells [22]. Besides, HOTAIR 
accelerated the biological activities of gastric cancer cells 
by regulating miR-206 – Cyclin D1(CCND1)/ Cyclin D2 
(CCND2) signal pathway axis [23].

Moreover, miR-34a is not only closely associated with 
EMT but also with cisplatin resistance. Cheng et al. found that 
HOTAIR was over-expressed and miR-34a was low-expressed 
in 27 pairs of gastric cancer tissues compared with adjacent 
normal tissues and that HOTAIR directly bound to miR-34a 
by Luciferase reporter assay and RNA immunoprecipita-
tion assay [24]. This combination could result in cisplatin 
resistance, change apoptosis-related genes and multi-
drug-resistance genes, and modify the phosphoinositide 
3-kinases (PI3K)/protein kinase B (PKB, also as Akt) and 
Wnt/β-catenin signaling pathways [24]. Similarly, HOTAIR 
promoted cisplatin resistance by directly binding to miR-126 
to activate the PI3K/Akt/ multidrug resistance-associated 
protein 1 (MRP1) axis, suggesting HOTAIR was closely 
related with cisplatin resistance [25].
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The PI3K/Akt signaling pathway was vital in the onset 
and procession of gastric cancer. Focusing on the interac-
tions among HOTAIR, miR-618, and Krüppel-like factor 12 
(KLF12) how affect cell viability, migration and invasion, cell 
apoptosis, mice xenograft models, and the ratios of p-PI3K/
PI3K and p-Akt /Akt, Xun et al. found upgraded HOTAIR 
and KLF12 but degraded miR-618 in gastric cancer tissues. 
HOTAIR promoted gastric cancer progression through the 
PI3K/ Akt signaling pathway via miR-618/KLF12 axis [26]. 
Similarly, the combination between HOTAIR and miRNA-
330 upregulated expression of Erb-B2 Receptor Tyrosine 
Kinase 4 (ERBB4, also as HER4) which could increase 
phosphorylation of the downstream PI3K/Akt pathway 
protein, resulting in resistance of gastric cancer cells to 
trastuzumab [27].

Not only does HOTAIR target specific microRNA, but 
also specific microRNA targets HOTAIR. For example, 
miR-101-3p functioned as a tumor suppressor to suppress 
proliferation and invasion in gastric carcinoma cells by 
directly targeting the serum response factor (SRF) gene and 
suppressing the function of SRF as a transcription factor of 
HOTAIR [28]. There will be a potential network between 
HOTAIR with microRNAs through signaling pathways 
to clarify the role of HOTAIR in gastric cancer onset and 
procession (Figure 1) so that we would develop novel clinic 
treatment against gastric cancer associated with HOTAIR.

HOTAIR SNPs have diverse effects on gastric cancer. 
Single nucleotide polymorphism (SNP) mainly refers to 
the DNA sequence polymorphism caused by single nucle-
otide variation at the genomic level, which is a heritable 
variation usually involving a single base conversion. SNP 
within HOTAIR can regulate HOTAIR gene expression and 
function at the level of genetic variations due to the intron or 
exon location of SNP, modulating individual susceptibility to 
various cancers [29].

HOTAIR was located on the opposite strand within the 
intergenic region between HOXC11 and HOXC12 in the 
HOXC gene cluster on chromosome 12q13.13 [2]. HOTAIR 
with a length of 2,158 nucleotides had several common SNPs. 
We pay attention to the association between HOTAIR SNPs 
and gastric cancer and find dissimilar risk caused by the same 
SNP in various ethnicities, hence we gather this association 
based on countries in this review (Table 1).

By collecting two independent hospital-based case-
control sets in China (one set was discovery set consisting 
of 500 gastric cancer patients and 1,000 healthy controls, 
another was validation set consisting of 300 patients and 
1,000 controls), Pan et al. found only rs920778 SNP located 
in a HOTAIR enhancer of intron 2 was significantly associ-
ated with the susceptibility of gastric cancer among rs920778, 
rs1899663, and rs4759314 SNPs. Besides, rs920778 TT 
genotype carriers had strikingly higher HOTAIR expres-

Figure 1. HOTAIR plays an oncogenic role in gastric cancer by sponging various microRNAs. The interaction between HOTAIR and miRNAs could 
result in the over-expression of miRNA targets and subsequent pathogenic events in gastric cancer.
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[33]. However, HOTAIR rs12826786 C>T polymorphism 
didn’t played any major role in genetic vulnerability to gastric 
carcinogenesis within the Turkish population [34]. Conspic-
uously, in a hospital-based case-control study from Turkey 
consisting of 104 gastric cancer subjects and 209 healthy 
control subjects matched on age and gender, no significant 
association between HOTAIR rs920778 three genotypes and 
the risk of gastric cancer susceptibility and even by subgroups 
analysis was found [35], which was inconsistent with the 
role of rs920778 SNP in Chinese subjects [30]. By consecu-
tively collecting 827 cancer positive and 546 cancer negative 
autopsy cases from a Japanese geriatric hospital, rs920778 
didn’t contribute to overall cancer susceptibility except for 
lung cancer type; the reason why this result wasn’t consistent 
with other studies may be identified by a minor allele in a 
different way and in different ethnic populations [36].

Recently, other single nucleotide polymorphisms associ-
ated with gastric cancer were detected. Located in 3’ UTR 
(untranslated region) of HOTAIR gene, rs17720428 had 
a significantly high risk for developing gastric cancer in 
Chinese subjects and especially in males, and subjects with 
rs17720428 minor G allele had higher expression levels of 
plasma HOTIAR and hsa-mir-5004-3p and lower expression 
level of KLF4 protein, which was accompanied with poor 
overall survival [37]. HOTAIR rs17720428, rs7958904, and 
rs1899663 SNPs and their interactions with the HOTTIP 
rs1859168 were significantly associated with gastric cancer 
risk in Ardabil (a very high-risk area of gastric cancer in 
north-western Iran) [38]. Thus, the similar manifesta-
tion between rs17720428 minor G allele and rs4759314 G 
allele [31] may have a synergistic effect on gastric cancer. 
It was first reported that the HOTAIR rs17840857 G allele 
had higher (but not statistically) susceptibility to atrophic 

sion level than CC genotype or CT genotype in normal 
tissues [30]. In addition to this, only rs4759314 SNP located 
in HOTAIR intron 1 had a significant association with 
gastric cancer susceptibility (especially in the elder and male 
subjects) among rs4759314 A>G, rs7958904 G>C, rs874945 
G>A in a Chinese study including 753 cancer cases and 1,057 
matched controls for test set [31]. Subjects with rs4759314 
AG genotype had higher HOTAIR and HOXC11 expres-
sions level than those with AA genotype in 63 gastric cancer 
tissues, so the G allele could enhance promoter activity of 
HOXC11 in two cancer cell lines, which elucidated the 
genotype-function and allele-specific effect of HOTAIR 
rs4759314 [31]. Located in the promoter region of HOTAIR, 
rs12826786 C>T polymorphism had a functional effect on 
HOTAIR expression. The frequency of the T allele was signif-
icantly higher in 102 gastric cardia adenocarcinoma tissues 
than corresponding normal tissues in a retrospective case-
control study in north China. When compared with subjects 
with CC and CT genotypes, subjects with the rs12826786 TT 
genotype showed a significantly higher expression level of 
HOTAIR, which indicated that C to T transition may influ-
ence the transcription and expression of the HOTAIR gene 
[32]. Consequently, the genotype-function and allele-specific 
effect of specific HOTAIR SNP, like rs920778 TT, rs4759314 
AG, rs12826786 TT, deserve great value in China according 
to the result of the three Chinese large sample studies.

In addition to Chinese researches, other countries have 
focused on the association between the same HOTAIR SNPs 
and cancer. HOTAIR rs12826786 C>T polymorphism in 
both codominant and recessive inheritance models had a 
significant association with a higher susceptibility to breast 
cancer and the TT genotype had an association with multiple 
clinic-pathological characteristics in the Turkish population 

Table 1. HOTAIR SNPs have diverse effects on gastric cancer.
Country Sample size Susceptibility to GC Genotype or allele Location Reference
Jinan, China 500 GC;

1000 HC
rs920778 TT than CC or CT enhancer of intron 2 [30]

Jiangsu, China 753 GC;
1057 HC

rs4759314 AG than AA HOTAIR intron 1 [31]

Hebei, China 515 GCA;
654 HC

rs12826786 TT than CC or CT HOTAIR promoter [32]

Elazig, Turkey 105 GC;
207 HC

rs12826786 (ns) T allele – [34]

Elazig, Turkey 104 GC;
209 HC

rs920778 (ns) C allele – [35]

Tokyo, Japan 164 GC; rs920778 (ns) C allele – [36]
Zhejiang, China 245 GC;

245 HC
rs17720428 G allele 3’ UTR of HOTAIR [37]

Ardabil, Iran 300 GC;
300 HC

rs17720428
rs7958904
rs1899663

G allele
C allele
T allele

–
–
–

[38]

Europe (Lithuania,
Latvia, Germany)

613 GC;
118 AG;
476 HC

rs17840857 (ns) G allele – [39]

Abbreviations: GC – gastric cancer; HC – healthy control; GCA – gastric cardia adenocarcinoma; AG – atrophic gastritis; ns – not significant
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gastritis and gastric cancer compared with the T allele in 118 
atrophic gastritis patients and 613 gastric cancer patients 
from Europe [39].

These common types of HOTAIR single nucleotide 
polymorphisms were positively related or not related to the 
specific cancer type and a different population based on the 
above results. Therefore, we focused on the meta-analysis on 
SNPs to find conclusive result as much as possible.

Although no significant association between the HOTAIR 
rs4759314 polymorphism and cancer risk was found in the 
whole meta-analysis consisting of five articles of the Chinese 
population (including seven case-control studies), rs4759314 
G allelic gene may augment the genetic risk for gastric cancer 
[40]. Besides, we pay attention to more analyses on types of 
SNPs. To find the association between HOTAIR rs920778 
C>T, rs4759314 A>G, rs7958904 G>C, and rs1899663 
G>T polymorphisms and cancer susceptibility, Zhang et 
al. conducted a meta-analysis consisting of eight eligible 
articles in the Chinese and Turkish population and found 
significant associations between the HOTAIR rs920778 and 
cancer risk in eight Chinese studies [41]. HOTAIR rs4759314 
only increased risk for the gastric cancer subgroup in eight 
Chinese studies. However, HOTAIR rs7958904 CC genotype 
significantly decreased susceptibility to cancer and colorectal 
cancer subgroup in three Chinese studies. HOTAIR 
rs1899663 G>T polymorphism didn’t have any association 
with cancer risk in the meta-analysis [41]. Similarly, in a 
meta-analysis, HOTAIR rs920778 and rs874945 significantly 
increased and rs7958904 decreased cancer risk. Moreover, 
rs920778 was significantly susceptible to both the Chinese 
population and gastric cancer [42].

Analogical results of another meta-analysis were discov-
ered. Making a meta-analysis from ten eligible studies 
consisting of seven kinds of HOTAIR single nucleotide 
polymorphisms (rs4759314, rs920778, rs7958904, rs1899663, 
rs874945, rs12826786, rs10783618) and Chinese/Turkish 
population, Qi et al. found that rs920778 significantly associ-
ated with cancer susceptibility in the Chinese population via 
stratified analysis based on ethnicity [43]. HOTAIR rs4759314 
had a significant association with only gastric cancer type in 
four types of cancers in the meta-analysis. HOTAIR rs920778 
T allele increased risk for all studied cancers and rs4759314 
G allele enhanced susceptibility to gastric cancer by allele 
contrast [43]. Based on the latest meta-analysis from nine 
publications about five HOTAIR polymorphisms (rs920778, 
rs7958904, rs874945, rs1899663, and rs4759314) with cancer 
susceptibility, it can draw the same conclusion as the above 
result: rs920778 polymorphism increased but rs7958904 
polymorphism decreased the risk to cancer in the Chinese 
population, while none of the other three  polymorphisms 
was significantly associated with cancer susceptibility [44].

According to the comprehensive result of the five meta-
analyses, it was conclusive that rs920778 T allele and 
rs4759314 G allele could boost the susceptibility to gastric 
cancer in the Chinese populations and that rs7958904 CC 

genotype will play the protective role in gastric cancer in 
other populations. Both rs1899663 and rs874945 have no 
association with gastric cancer in the Chinese and Turkish 
populations. HOTAIR rs12826786 and rs10783618 remain to 
be further studied.

The limitations of publications about single nucleotide 
polymorphisms with cancer susceptibility were concluded. 
First, most studies were retrospective case-control studies 
in an ethnically homogeneous population, so selection bias 
might affect the conclusions of the related investigation. 
Second, because the number of samples in the stratifica-
tion analysis was a small size, it is easy not to have enough 
power in terms of statistics. Third, the reported studies 
generally focused on single genetic variation but ignored 
gene-environment and gene-gene interactions. Finally, more 
prospective studies with a large sample size are needed to be 
carried out in the future that concentrate on the genotype-
function and allele-specific effect of specific SNP on specific 
cancer in different population-based studies.

Conclusion and future perspectives. In summary, 
HOTAIR promotes the initiation and progression and results 
in cisplatin resistance of gastric cancer through microRNAs 
and signaling pathways, such as miR-330/miR-618/miR-126 
in the PI3K/Akt signaling pathways, meaning that it could 
be used as a potential biomarker and therapeutic target. To 
our knowledge, this is the first review to recapitulate the 
association between different HOTAIR SNPs and gastric 
cancer. HOTAIR SNPs may exert genotype-function and 
allele-specific effect on cancer in a manner that specific 
single nucleotide polymorphism might cause a variation 
of HOTAIR, and consequently change the binding site of 
microRNAs and modify microRNAs in different signaling 
pathways. Both rs920778 T allele and rs4759314 G allele will 
enhance the susceptibility to gastric cancer in the Chinese 
populations. A lot of prospective studies with a large sample 
size are needed to be carried out among different ethnic 
populations in the future.
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