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Long noncoding RNA HOTAIR involvement in cancer
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Abstract Evidences have been provided that long noncoding
RNAs (lncRNAs) act as key molecules in epigenetic regula-
tion and are involved in the development process of cancer in
recent studies. HOX transcript antisense RNA (HOTAIR), a
long intergenic noncoding RNA (lincRNA), functions as a
molecular scaffold to link and target two histone modification
complexes PRC2 and LSD1, then reprograms chromatin
states by couples histone H3K27 methylation and H3K4

demethylation for epigenetic gene silencing to promote cancer
metastasis. HOTAIR, regarded as an oncogene, is pervasively
overexpressed in most solid cancers and correlated with tumor
invasion, progression, metastasis, and poor prognosis, and
HOTAIR has been proven to play a critical role in most
biological process of cancer and would be a potential new
target in cancer therapy.
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Introduction

Long noncoding RNAs (lncRNAs) have been found to be
pervasively transcribed in the genome recently [1, 2]. They are
transcripts longer than 200 nts and without a functional open
reading frame (ORF) in most cases [3]. But they might play
widespread roles in gene regulation and other cellular pro-
cesses, including their involvement in the integrity of epige-
netic regulation, gene transcription, and post-transcription
regulation. The recent studies also suggest that lncRNAs are
involved in the development of human diseases, particularly
in cancer [4–8]. Among all kinds lncRNAs, HOX transcript
antisense RNA (HOTAIR), a paradigm for long noncoding
RNA function in cancer, is transcribed from the HOXC cluster
in an antisense manner, functions as a molecular scaffold to
link polycomb repressive complex 2 (PRC2) and lysine-
specific demethylase 1/REST corepressor 1/RE1-silencing
transcription factor (LSD1/CoREST/REST) protein com-
plexes, and regulates gene expression by mediating the mod-
ulation of chromatin structures in trans across the 40-kb
HOXD locus2 [9–11]. Evidences have been provided that
HOTAIR is pervasively overexpressed in many cancers and
involved in the process of the tumor invasion, progression,
metastasis, and poor prognosis in vitro and in vivo. Here, we
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summarize the current knowledge about HOTAIR and intro-
duce its biogenesis and regulation mechanism and its func-
tions in different cancers.

Discovery, identification, and characterization
of HOTAIR

HOTAIR, which is about 2.2 k nucleotides, spliced, and
polyadenylated transcript, was originally discovered by Rinn
and colleagues in 2007 and named it HOTAIR for HOX
antisense intergenic RNA [12]. It has only one strand tran-
scribed antisense to HOXC genes and lacks protein-coding
potential. HOTAIR is transcribed from the HOXC locus on
chromosome 12 and represses transcription in trans across
40 kb of the HOXD locus on chromosome 2 by interacting
and recruiting the PRC2 and LSD1/CoREST/RESTcomplexes.

HOTAIR has poorly conserved sequences and consid-
erably conserved structures, and exons of HOTAIR show
distinct evolutionary features in mammals. HOTAIR
evolved faster than nearby HOXC genes, and the HOTAIR
exons exist only in mammals. Of the six HOTAIR exons,
exon 1, exon 3, exon 4, exon 5, and domain B of exon 6
are better conserved than exon 2 and domain A of exon 6,
such as exon 2 is absent in mouse, rat, and kangaroo, and
a 239-bp domain is especially conserved in exon 6 in
mammals [7, 13]. In human genome, there are five short
exons (exon 1 to exon 5) and one long exon (exon 6)
which divided into domains A and B of exon 6 [14]. PRC2
binding activity mapped to nucleotides 1 to 300 of
HOTAIR, while the LSD1 complex binding activity
mapped to nucleotides 1500 to 2146 [10]. Therefore, two
fragments in the 5′ end of exon 1 and the 3′ end domain B
of exon 6 may have invariable and special sequence and
structure binding to PRC2 and LSD1. However, the sec-
ondary structure of HOTAIR did not reveal obvious stem
loops suggestive of premiRNAs [14].

Biogenesis and regulation of HOTAIR

HOTAIR is a long intergenic noncoding RNA (lincRNA),
which is one kind of lncRNAs classified by the manner of
transcription. At present, little is known about their bio-
logical roles and how they carry out those roles of
lincRNAs. However, based on a few relatively well-
studied examples, several potential mechanisms for
lincRNAs have been reported [15]. The functions of
lncRNA include cis-tether, trans-regulation, allosteric
modification, decoy, etc. [16]. In contrast to the group of
cis-regulatory lncRNAs, one example of lncRNA
HOTAIR alerts its transcriptional effects across chromo-
somes in trans [12]. HOTAIR binding sites that were

found occur on multiple chromosomes and are enriched
in genic regions, notably enhancers and introns, when 832
HOTAIR occupancy sites genome-wide were identified by
ChIRP-seq, and these binding sites were enriched in GA-
rich homopurine motif [9]. As we know, HOTAIR re-
presses transcription in trans across 40 kb of the HOXD
locus and maps to the intergenic region between HOXD3
and HOXD4, in which domains both H3K27me3 and
SUZ12 occupancies were lost corresponding to the
HOTAIR depletion [10, 11]. HOTAIR ChIRP peaks show
focal HOTAIR peaks in association with broad domains
PRC2 occupancy and H3K27me3. So in fact, HOTAIR
could be regarded as an active recruiter of chromatin-
modifying complexes and recruit PRC2 to its targets.
PRC2 is specifically required for HOTAIR to promote
cellular invasiveness. Enforced expression of HOTAIR in
breast cancer cell lines induced localization of H3K27me3
and PRC2 subunits SUZ12 and EZH2 on 854 new genes,
and these HOTAIR-PRC2 target genes are coordinately
downregulated in aggressive breast tumors [11].

Evidences suggest that HOTAIR epigenetics regulates
gene transcription by competing with other molecules,
such as BRCA1. HOTAIR binds to and recruits EZH2
occupancy on its target gene loci [11]. And HOTAIR
binds to EZH2 in a region that is known to be competi-
tively bound by BRCA1. Overexpression of HOTAIR
increases the binding of EZH2 to the target gene HOXA9
promoter in breast cancer cells; however, forced expres-
sion of BRCA1 blocks this function by inhibiting the
binding of HOTAIR to EZH2 and abolishes HOTAIR-
enhanced recruitment of PRC2 to its target genes. The
similar results were obtained in mouse embryonic stem
(ES) cells, which suggested that lncRNA HOTAIR bind-
ing to EZH2 could be involved in the mechanisms of
BRCA1 mediating PRC2 targeting in both ES and breast
cancer cells [17].

HOTAIR is a modular bifunctional RNA and interacts
with PRC2 and LSD1 complexes through its 5′ and 3′
binding domains, respectively, and the domains possess
extensive but distinct secondary structures. Only less than
5 % of the two complexes that physically interact with
each other indicated that HOTAIR bridges the two com-
plexes. Moreover, a higher-order large complex including
HOTAIR, PRC2, and LSD1 was formed since enforced
expression of HOTAIR shifts the PRC2 submits in FL-
HeLa cells. HOTAIR knockdown decreased SUZ12 and
LSD1 occupancy, and correspondingly, H3K27me3 loss
and H3K4me2 gain in the region proximal promoters of
HOXD genes, and ultimately, H3K27 methylation and
H3K4 demethylation influence epigenetic silencing of
HOXD genes (Fig. 1) [10]. These epigenetic changes
result in a series of upregulation or downregulation genes
altering and corresponding changes of cancer cell
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proliferation, invasion, apoptosis, and migration. These
facts have been proven in breast cancer [11], colorectal
cancer [18], pancreatic cancer [19], etc. (Table 1).

HOTAIR in human cancer

Breast cancer

HOTAIR expression involvement in human cancer was first
found in breast cancer. In 2010, Gupta A et al. [11] found that
the expression of HOTAIR in primary breast tumors and
metastasis tissue was higher than that in normal breast epithe-
lia, and high HOTAIR level was a significant predictor of
metastasis and poor survival. Then, enforced expression of
HOTAIR in breast carcinoma cells promoted cell invasion
in vivo and lung metastasis in vitro and induced the
genome-wide re-targeting of PRC2, altered H3K27 meth-
ylation pattern, and therefore altered target gene expres-
sion [11]. HOTAIR was highly correlated with EZH2, one
of the PRC2 complex subunits, and associated with a
worse outcome. HOTAIR overexpression was related to
estrogen receptor (ER) and progesterone receptor (PR)
positivity [20]. Moreover, HOTAIR is transcriptionally
induced by estradiol (E2) in breast cancer and is an
estrogen-responsive gene, E2, coordinated by ERs, ER
coregulators, chromatin modification marks such as his-
tone H3K4 trimethylation and histone acetylation, and
general transcription factors associated with RNAP II
transcription, play critical roles in the antisense transcrip-
tion activation of HOTAIR [21]. Therefore, being crucial
for the growth, viability and invasion of breast cancer
cell, reducing apoptosis [21], promoting metastasis, and
predicting poor survival [11], HOTAIR may be a potential
target for novel therapy of breast cancer [21].

Colorectal cancer

HOTAIR is highly overexpressed in patients with stage IV
colorectal cancer (CRC) who have liver metastases and a poor
prognosis and tightly correlated with the liver metastasis.
EZH2 and SUZ12 are overexpressed in CRC and several
other cancers [22–25]. And HOTAIR might be correlated to
multipotent differentiation of CRC cells through the PRC2
complex interaction with multipotential stem cells. For
HOTAIR, downregulated E-cadherin target genes by gene
pathway analysis suggest that HOTAIR, cooperated with the
PRC2 complex, might maintain mesenchymal and undiffer-
entiated cancer cells [18].

Lung cancer

The changes of host microenvironment play a crucial deter-
minant role in tumor progression. Type I collagen (Col-1), a
kind of interstitial extracellular matrix (ECM), aberrantly
enriched in the tumor microenvironment in non-small cell
lung cancer (NSCLC) and promotes tumor progression. Col-
1 concurrently induced the expression of HOTAIR in
NSCLC, and Col-1 inhibition by a neutralizing antibody
α2β2 integrin diminished the function of induction of
HOTAIR. Functional studies implied that the Col-1 tran-
scriptionally activated a reporter gene controlled by the hu-
man HOTAIR promoter. Moreover, the expression of
HOTAIR and Col-1 was concurrently upregulated in human
NSCLC [26] and was associated with advanced stage, lymph
node metastasis or lymph-vascular invasion and prognosis,
and induced NSCLC cell migration and anchorage-
independent cell growth in vitro [27].

Pancreatic cancer

HOTAIR is a negative prognostic factor for pancreatic cancer
patients and exhibits pro-oncogenic activity. HOTAIR is more
highly expressed in more advanced and invasive pancreatic
tumors, and HOTAIR knockdown reduces pancreatic cancer
cell invasion, inhibits cell growth, modulates cell cycle pro-
gression, and induces apoptosis in vitro [19]. In addition,
HOTAIR also plays a distinct pro-oncogenic activity in pan-
creatic cancer which is associated with increased cell survival
and proliferation and repression of interferon-related genes
(IL29, IL28A, IL28B, and IFTM1). Although modulated ex-
pression of HOTAIR in pancreatic cancer cell and breast/
colon cancer cell results in a series of enhanced and sup-
pressed expression of genes, there is minimal overlap between
HOTAIR-regulated genes in pancreatic cells and breast cancer
cells [11, 18, 19]; this result indicates that modulation of
HOTAIR in pancreatic cancer may be different from other
cancers, and the potential mechanisms need further studies.

Fig. 1 HOTAIR is transcribed from the HOXC cluster in an antisense
manner, functions as a molecular scaffold to link PRC2 complex and
LSD1 complexes, and regulates gene expression by mediating the mod-
ulation of chromatin structures in trans across the 40-kb HOXD locus2.
Then, it regulates the metastasis-related genes and promotes cancer
metastasis
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Liver cancer

HOTAIR correlated with hepatocellular carcinoma (HCC)
progression and prognosis [28–30]. Knockdown of HOTAIR
reduced cell proliferation [29], cell invasion, sensitized
TNF-α-induced apoptosis, and the chemotherapeutic sensitiv-
ity of cancer cells to cisplatin and doxorubicin in vitro [30],
and was also associated with reductions in levels of matrix
metalloproteinase-9 (MMP9) and vascular endothelial growth
factor (VEGF) [29, 31]. Besides, overexpression of HOTAIR
was an independent prognostic factor for predicting HCC
recurrence in patients following liver transplantation [30].

Gastric cancer

High expression of HOTAIR has association with advanced
stage, lymphatic node metastasis, and poor overall survival
[32, 33]. And in high-HOTAIR patients, most of the epithelial
markers were downregulated while most of the mesenchymal
markers were upregulated. Moreover, knockdown of
HOTAIR in gastric cancer cell decreased cell invasion poten-
cy, altered the expression of surfacial molecular markers of
gastric cancer (GC) cells, and reversed the EMT progression,
which might be through regulating snail expression [32].
HOTAIR overexpression GC cells injected into the tail vein

Table 1 HOTAIR in human cancer

Cancer Role or function of HOTAIR Reference

Breast cancer Promotes cell invasion in vivo and lung metastasis in vitro
Induces the genome-wide re-targeting of PRC2, altered H3K27 methylation
pattern, and therefore alters target gene expression

Transcriptionally induced by estradiol

[11, 20, 21]

Lung cancer Concurrently induced by type I collagen (Col-1)
Associated with advanced stage, lymph node metastasis, or lymph-vascular
invasion and prognosis

Induces NSCLC cell migration and anchorage-independent cell growth in vitro

[26, 27, 43]

Pancreatic cancer Increases pancreatic cancer cell invasion and cell growth, modulates cell cycle
progression, and reduces apoptosis

[19]

Liver cancer Correlated with HCC progression and prognosis
Induces cell proliferation and cell invasion, reduces TNF-α induced apoptosis, and
the chemotherapeutic sensitivity of cancer cells to cisplatin and doxorubicin in vitro

Concurrently expression with MMP9 and VEGF
Is an independent prognostic factor for predicting HCC recurrence in patients following
liver transplantation

[29, 30]

Gastrointestinal stromal tumors Upregulates coordinately with miR-196
Is associated with high-risk grade, metastasis, and poor survival

[35]

Colorectal cancer Overexpression in stage IV colorectal cancer and correlated with liver metastasis
Correlated to multipotent differentiation of CRC cells
Maintains mesenchymal and undifferentiated cancer cells

[18]

Gastric cancer Correlated with advanced stage, lymphatic node metastasis, and poor overall survival
Knockdown of HOTAIR reverses EMT progression

[32–34]

Head and neck carcinoma Promotes invasiveness and resistance to apoptosis in LSCC
Promotes PTEN methylation in LSCC
Mediates the migration and invasion of NPC cells

[38, 46]

Esophageal carcinoma Positively correlated with clinical stage, TNM classification, histological differentiation,
and prognosis

Mediates proliferation, colony formation, and migratory capacity in vitro

[42]

Sarcoma Correlated with a high probability of metastasis coexpression with MTDH/AEG1
Decreased sensitivity to radiation and chemotherapy

[41]

Prostate cancer Targeted directly by miR-34a
Promotes proliferation, migration, and invasion
Influences cellular apoptosis and cell cycle

[40]

Melanoma Overexpressed in metastatic tissue
Promotes melanoma cell motility and invasion

[39]

Cervical cancer Overexpression
Correlated with FIGO stage, lymph node metastasis, depth of cervical invasion,
tumor size, and age

Predicts poorer OS and DFS

[44]

Epithelial ovarian cancer Positively correlated with FIGO stage, histological grade, lymph node metastasis
Reduced overall survival OS and DFS
Proved the pro-metastatic effects of HOTAIR in vitro and in vivo and verified
the effects were partially mediated by the regulation of MMPs and EMT related genes

[45]
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of mice formed more liver metastases while downexpression
of HOTAIR suppressed peritoneal dissemination [34].

Gastrointestinal stromal tumors

In gastrointestinal stromal tumors (GIST), microarray expres-
sion analysis revealed that HOTAIR, HOXC gene, and miR-
196a were coordinately upregulated and miR-196a genes
were located within the HOXC gene clusters in which
HOTAIR was located in an antisense orientation. And over-
expression of them was associated with high-risk grade, me-
tastasis, and poor survival among GIST specimens, and over-
expression of miR-196a and HOTAIR corporately may con-
tribute to the malignant progression of GISTs by modulating
expression of their target genes and could be useful biomarker
as well as novel therapeutic and prognostic targets in malig-
nant GISTs. However, inhibition ofmiR-196a had no effect on
HOTAIR expression and knockdown of HOTAIR had no
affect on miR-196a expression in GIST-T1 cells suggesting
that overexpression of miR-196a or HOTAIR is not a simple
downstream effect of their dysregulation [35].

Head and neck carcinoma

The study of the relationship of lncRNAs and head and neck
carcinoma was relatively limited. Loss of imprinting at the
IGF2 and H19 loci plays a role in the oncogenesis of head and
neck carcinoma [36], and metastasis-associated lung adeno-
carcinoma transcript-1 (MALAT1) is correlated with progres-
sion and apoptosis of laryngeal squamous cell carcinoma
(LSCC) [37]. HOTAIR is involved in nasopharyngeal carci-
noma progression (NPC) [38] and LSCC progression and
prognosis [38]. In LSCC, HOTAIR was overexpressed and
related with T grade, differentiation, neck nodal metastasis,
clinical stage, and prognosis. And HOTAIR promotes inva-
siveness and resistance to apoptosis in Hep-2 cells in vitro and
in vivo, and these effects were related to promotion of PTEN
methylation by HOTAIR. As in NPC, HOTAIR overexpres-
sion correlated with NPC progression (clinical stage, lymph
node classification, metastasis, etc.) and prognosis in the clinic
and HOTAIR mediated the migration and invasion of NPC
cells in vitro.

Other cancers

A study of six metastasis-related lncRNAs in melanoma indi-
cated that HOTAIR was the most highly expressed in lymph
node metastasis tissue and promoted melanoma cell motility
and invasion in vitro [39]. In prostate cancer (PCa), HOTAIR
is overexpressed and knockdown of HOTAIR decreased PCa
cell proliferation, migration, and invasion and induced apo-
ptosis and cell cycle arrest. Further study indicated that
HOTAIR was also targeted directly by a tumor suppressor

miR-34 and downregulated by genistein, a protein tyrosine
kinase inhibitor, which inhibited PCa cell growth [40]. High
coexpression of MTDH/AEG1 and HOTAIR in primary sar-
coma was correlated with a high probability of metastasis.
And low expression of bothMTDH/AEG-1 and HOTAIRwas
correlated with increasing necrosis of sarcoma treated with
radiation and chemotherapy, indicating that they may be po-
tential biomarkers for treatment sensitivity [41]. HOTAIR is
overexpressed in esophageal squamous cell carcinoma
(ESCC) tissue and correlated with clinical stage, TNM classi-
fication, histological differentiation, and prognosis. And
HOTAIR mediated proliferation, colony formation, and mi-
gratory capacity in ESCC cells in vitro [42]. As HOTAIR
promotes cancer invasion and metastasis, high expression of
HOTAIR in cancer indicates poor prognosis. HOTAIR ex-
pression levels were significantly correlated with local
recurrence-free survival (LRFS), distant metastasis-free sur-
vival (DMFS), disease-free survival (DFS), and overall sur-
vival (OS) of NPC [38]. DFS and OS were significantly
shorter in the patients with high HOTAIR expression com-
pared to those with low expression in NSCLC [27, 43], liver
cancer [29], colorectal cancer [18], cervical cancer [44], and
epithelial ovarian cancer [45], and HOTAIR expression was
an independent prognostic factor for OS in LSCC [46], GC
[32–34], and breast cancer [11, 20] patients. Moreover, high
expression level of HOTAIR was an independent prognostic
factor for predicting HCC recurrence in LT patients [30].

Molecular functions

HOTAIR and cancer invasion and metastasis

HOTAIR functions in the recruitment and binding of the
PRC2 and LSD1 complex to the HOXD locus on chromo-
some 2 where genes involved in metastasis are regulated
through H3K27 methylation and H3K4 demethylation. So
HOTAIR induces tumor metastasis through regulation of the
tumor metastasis-related molecules. Hundreds of PRC2 target
genes were induced or repressed when HOTAIR was
overexpressed in breast cancer cell line MDA-MB-231.
HOTAIR-repressed genes such as JAM2, PCDH10, and
PCDHB5 were de-repressed upon PRC2 depletion.
HOTAIR-induced genes such as ABL2, SNAIL, LAMB3,
and LAMC2 were upregulated in aggressive breast tumors
that tend to cause metastasis and death but were repressed
upon PRC2 depletion [11]. The likely regulation model and
target genes exist in colorectal cancers [18]. However, only 9
of the 854 HOTAIR-PRC2 coregulated genes in MDA-MB-
231 cells were also regulated by knockdown of HOTAIR in
Panc1 cells [19], which suggested that HOTAIR may regulate
different target genes in diverse tumors. Expression of
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HOTAIR correlated with ER and PR status and was transcrip-
tionally induced by estradiol [21]. HOTAIR downregulated E-
cadherin target genes in CRC [18] and was associated with
matrix metalloproteinase-9 (MMP9) and vascular endothelial
growth factor (VEGF) in HCC [29], promoted PTEN methyl-
ation in LSCC [46], and coexpressed with MTDH/AEG1 in
sarcoma [41], which ultimately led to tumor cell proliferation,
invasion, metastasis, and bad clinical outcome.

Epithelial-mesenchymal transition (EMT) is a biologic
process in which epithelial cells lose their cell polarity
and cell-cell adhesion and gain migratory and invasive
properties to become mesenchymal cells. EMT, which is
essential for numerous developmental processes, leads to
cancer cells with stem cell-like characteristics, increases
resistance to apoptosis and chemotherapy, and is in-
volved in tumor invasion and metastasis [31, 47, 48].
As the same function of cancer invasion and metastasis,
the relationship between HOTAIR and EMT has been
unrevealed in two studies. Most of the epithelial markers
were downregulated and most of the mesenchymal
markers were upregulated in the high expression of
HOTAIR group of GC. And knockdown of HOTAIR
led to decreased expression of some mesenchymal
markers (such as vimentin and N-cadherin), while the
expression of epithelial markers (such as E-cadherin and
ZO-1) was increased. Moreover, HOTAIR promoted
EMT through regulating snail expression [32]. Another
is related to TGFβ1 and maintenance of cancer stem cell
(CSC) pathway. Treatment of TGF-β1 in breast and
colon cancer cells resulted in increased HOTAIR expres-
sion in vivo, while knockdown of HOTAIR prevented
E-cadherin reduction and inhibited fibronectin upregula-
tion, which suggested that HOTAIR triggered the EMT
program [49]. However, Liu et al. [43] found that EMT
markers E-cadherin, N-cadherin, and vimentin had no
significant difference between HOTAIR knockdown and
control NSCLC cells, while MMP2, MMP9, and
HOXA5 had relation to HOTAIR. And they draw a
conclusion that HOTAIR may regulate the expression
of MMPs and HOXA5 to influence the invasive and
metastatic potential of NSCLC cells, but not the expres-
sion of EMT-induced markers. Therefore, the relation-
ship and regulating pathways between HOTAIR and
EMT need further studies.

Interestingly, another deductive pathway between EMT
and HOTAIR maybe through miR-10b, which is a microRNA
transcribed from the HOXD locus. HOXD10, which is regu-
lated by HOTAIR in breast cancer, is involved in cell migra-
tion, extracellular matrix remodeling, and metastasis by con-
trolling a series of genes [50]. And miR-10b binds to the 3′
UTR of HOXD10 to inhibit HOXD10 protein translation.
Moreover, miR-10b is induced by twist, which is a key
transcription factor for epithelial-mesenchymal transition

[51]. All the facts indicate that miR-10b may play an impor-
tant role between HOTAIR and EMT.

HOTAIR and chemoresistance

Chemoresistance is one of most difficult and complicated
problems in the area of tumor therapy, and the mecha-
nisms of progression of chemoresistance are still not fully
understood. However, the relationship between drug re-
sistance and epigenetic regulations (miRNA and lncRNA
are included) has been significantly proven in previous
studies [52]. Evidence has been accumulated to indicate
that HOTAIR has participated in several chemotherapeutic
drugs. High expression level of both MTDH/AEG-1 and
HOTAIR is correlated with a low percentage of necrosis
in sarcoma samples exposed to chemotherapy and/or ra-
diation. In contrast, low expression of these samples in-
dicated a good response to treatment [41]. Knockdown of
HOTAIR increased the chemotherapeutic sensitivity of the
cancer cells to cisplatin and doxorubicin in HepG2 cells
[30]. A latest study suggested that the expression level of
HOTAIR in lung adenocarcinoma tissues and cell line was
negatively correlated with the responses of cancer cells to
cisplatin-based chemotherapy, while the p21 expression
was positively correlated with the chemotherapy re-
sponses in terms of apoptosis and the percentage of cells
in G0/G1 phase of cell cycle. And the expression of
HOTAIR and p21 was inversely correlated with each
other, and knockdown of each of them reduced the up-
regulation of the other. Moreover, the promoter region of
p21 enriched with EZH2 and H3K27me3 [53], which
involved in the HOTAIR pathways. And p21 could be
significantly increased in non-small cell lung cancer cells
after suppression of EZH2 [54]. The above evidence
indicated that HOTAIR might induce the cisplatin resis-
tance of lung adenocarcinoma cells through the regulation
of p21 expression. However, the mechanism of how
HOTAIR regulates chemotherapy resistance is far from
clear.

Outlook

LncRNAs have been proven to be important regulators of
epigenetics in physiological processes and disease. However,
we have barely begun to scratch the surface of the lncRNA
world; only individual examples have been functionally stud-
ied in detail at present and many pivotal questions remain to
be addressed. As a paradigm example of guides in trans,
HOTAIR regulates histone-modifying enzymes to HOXD loci
and epigenetic gene silencing. However, there are still plenty
of questions that need to be resolved and much work to be
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done. Although the sequence of human HOTAIR and the
binding domains of PRC2 and LSD1 have been discovered,
the spatial structure of HOTAIR, whether the other domains of
HOTAIR are useless or non-functional, and whether the
two complexes PRC2 and LSD1 bind to HOTAIR di-
rectly or indirectly are still unknown. Studies of
HOTAIR mostly focus on the PRC2 complex and the
following altering of biological molecules and pathways;
however, what are the exact functions and regulating
biomolecules of LSD1 complex when binding to
HOTAIR? In pancreatic cancer, the altering genes of
HOTAIR is different from the studies in breast cancer
and colorectal cancer, so the differences are due to the
different tumor response to the function of HOTAIR or
HOTAIR acts on diverse tumors by different pathways
or other possible mechanisms are also still unknown.
And more interaction or/and regulation biomarkers like
miRNA, mRNA, lncRNA, and protein will be found and
new mechanisms will be explored.

In conclusion, the present studies have indicated that
HOTAIR, defined as an oncogene, functions as a molecu-
lar scaffold to link PRC2 and LSD1 complexes and mod-
ulation of chromatin structures in trans for epigenetic gene
silencing, and is involved in cancer cell proliferation,
invasion, apoptosis, progression, metastasis, etc. Further
studies are looking forward to explore the precise molec-
ular mechanisms of HOTAIR in cancer and expect
HOTAIR to be a biomarker and/or therapeutic targets for
tumor diagnosis and treatment.
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