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The HOTAIR IncRNA: A remarkable oncogenic
promoter in human cancer metastasis (Review)
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Abstract. Long non-coding RNA (IncRNA) is a new type of
non-coding RNA that has an important regulatory influence
on several human diseases, including cancer metastasis. HOX
antisense intergenic RNA (HOTAIR), a newly discovered
IncRNA, has an important effect on tumour proliferation,
migration and metastasis. HOTAIR regulates cell prolif-
eration, changes gene expression, and promotes tumour cell
invasion and migration. However, its molecular mechanism
of action remains unknown. The present review summarizes
the molecular mechanism and role of HOTAIR in tumour
invasion and metastasis, discusses the association between
HOTAIR and tumour metastasis through different pathways,
such as the transforming growth factor 3, Wnt/p-catenin,
PI3K/AKT/MAPK and vascular endothelial growth factor
pathways, emphasizes the function of HOTAIR in human
malignant tumour metastasis and provides a foundation for its
application in the diagnosis, prognosis and medical treatment
of various tumours.
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1. Introduction

Cancer is a high mortality malignant disease with biological
characteristics, such as abnormal cell differentiation and
proliferation, uncontrolled growth, invasiveness and metas-
tasis. Several patients with cancer have different degrees
of metastasis following diagnosis or treatment (1,2). Thus,
cancer is an important cause of mortality and high-cost
medical expenses (3). Tumour occurrence is associated
with the expression levels of tumour suppressor genes
and oncogenes (4-6). Accordingly, it is essential to iden-
tify biomarkers for the early diagnosis and prognosis of
cancer, and to develop effective therapies to prolong the
overall survival time of patients with cancer. The human
genome is pervasively transcribed, while <2% transcripts
encode proteins. According to their size, non-coding
RNAs (ncRNAs) are subdivided into two major categories:
Short ncRNAs [sncRNAs, <200 nucleotides (nt)] and long
ncRNAs (IncRNAs, >200 nt). MicroRNAs (miRNAs/miRs)
and endogenous short interfering RNAs are sncRNAs (7).
MiRNAs are short single-stranded RNA sequences (usually
19-23 nt) from a precursor of ~70 nt, which can control gene
expression during several physiological and developmental
processes, thus, they play vital roles in post-transcriptional
regulation by directly binding the miRNA response element
in target mRNAs (8-10).

IncRNAs include multiple well-studied ncRNAs, such
as the most representative, HOX antisense intergenic RNA
(HOTAIR) (11). HOTAIR is expressed by the homeobox C
gene (HOXC) locus and is located in the HOXC cluster between
the HOXCI11 and HOXCI12 genes on human chromosome
12q13.13 (12). Increasing evidence suggests that HOTAIR is
strongly associated with different types of cancer (13) (Fig. 1).
For example, HOTAIR plays a role in metastasis progres-
sion through canonical and noncanonical pathways in breast
carcinoma, hepatocellular carcinoma (HCC), lung carcinoma,
gastric carcinoma and oral squamous cell carcinoma (14-18)
(Table I). In addition, HOTAIR participates in regulating cell
cycle progression, tumour proliferation, epithelial-to-mesen-
chymal transition (EMT) and tumour migration and invasion
by altering gene expression (19).
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According to a recent study, HOTAIR promotes tumour
metastasis in several ways, including: i) Inhibition by
competing with miRNAs, downregulating the expression
levels of EMT-related proteins, ii) controlling angiogenesis to
provide tumour tissue with the oxygen and nutrients necessary
for metabolism, iii) promoting tumour progression by regu-
lating the expression of genes associated with cell metabolism;
iv) controlling gene silencing to regulate tumour metastasis
and v) playing a role in cargo loading, such as in exosomes, to
promote tumour cell metastasis (Fig. 2).

The present review discusses the pathways and molecular
mechanisms of HOTAIR in tumour metastasis, emphasizes
the function of HOTAIR in human malignant tumour metas-
tasis, and provides a foundation for its application in tumour
diagnosis, prognosis and medical treatment of various tumours.

2. TGF-f pathway

The EMT is the process of epithelial cell transformation or
transdifferentiation from the epithelial to the mesenchymal
cell type (20). In this process, cells lose their epithelial proper-
ties and can migrate, breaking away from the epithelial cell
colony and moving to surrounding and distant tissues (20).
The EMT and mesenchymal-to-epithelial transformation
(MET) processes are crucial during embryonic development
(organogenesis and regeneration), and are triggered during
tumour invasion and metastasis (21).

The transforming growth factor p (TGF-p) signalling
pathway comprises a series of signal transmission processes
mediated by transforming growth factor. In humans, it includes
the TGFp subtype, bone morphogenetic protein, activin, and
growth and differentiation factor, which has an indispens-
able effect on cell proliferation and metastasis (22). TGF-f
regulates the EMT primarily through a group of transcription
factors, including the basic helix-loop-helix proteins Twist and
E47, zinc finger proteins Snail and Slug (also called Snail2),
and zinc finger and homeodomain proteins ZEB1, ZEB2 (23),
and FOXC2 (24), which inhibit E-cadherin expression (a key
process in the EMT), and the expression levels of other epithe-
lial markers. E-cadherin is a transmembrane glycoprotein that
connects epithelial cells together at adhesion junctions and is
closely associated with the EMT (25). E-cadherin exerts its
tumour-suppressing role primarily by sequestering p-catenin,
preventing its binding to lymphoid enhancer factor/T cell
factor (26). Increasing evidence suggests that HOTAIR is
associated with the EMT process through regulation of the
TGF-p pathway. The molecular mechanism occurs mainly
through two processes. On one hand, HOTAIR regulates the
expression of key EMT-related genes, such as E-cadherin,
N-cadherin and Snail, to promote tumour metastasis by acting
as a competitive endogenous RNA (ceRNA) that competes
with a miRNA for binding sites on mRNA (13). On the other
hand, HOTAIR promotes gene transcription, and thus regu-
lates gene expression, controlling the EMT through epigenetic
mechanisms (19,27).

Wu ef al (28) demonstrated that silencing HOTAIR
improves the capability of LoVo colon cancer cells to invade,
proliferate and migrate, and promotes their apoptosis by
inhibiting the EMT. In addition, Dasgupta et al (29) reported
that the miR-203-HOTAIR interaction suppresses metastatic

genes, such as those for E-cadherin and claudin, regulating
the EMT and metastasis in renal cell carcinoma (RCC).
Furthermore, downregulation of HOTAIR significantly
decreases the migration and expression levels of the epithelial
markers, Vimentin and Snail, that are induced by TGF-f1,
while E-cadherin expression markedly increases, which
promotes RCC cell migration, proliferation and the EMT
through negative modulation of miR-217 (30). For miR-217,
HOTAIR plays a ceRNA role and modulates HIF-1a expres-
sion by sponging miR-217 to promote the EMT through
the miR-217/HIF-1a/AXL axis (30). Similarly, HOTAIR
represses miR-7 expression, resulting in upregulated SETDBI1
expression in stem cells of breast cancer, which promotes the
EMT (31). There is also evidence to suggest that HOTAIR
has an important effect on the proliferation, invasion and
migration of liver tumour cells and the EMT by sponging
miR-217-5p (32).

In addition to acting as a ceRNA, HOTAIR can also
drive EMT through epigenetic mechanisms, according to
recent studies. For example, HOTAIR specifically regulates
HOXCS expression and changes protein levels associated with
cell proliferative, invasive and migratory abilities, promoting
the invasion and pervasion of oesophageal cancer cells (33).
Wu et al (34) demonstrated that HOTAIR is highly expressed
in oral squamous cell carcinoma (OSCC) with regional lymph
node metastasis (N1) compared with OSCC without N1. It was
also reported that HOTAIR inhibits E-cadherin expression
by associating with enhancer of zeste homolog 2 (EZH?2) and
H3K27me3, improving the metastatic and invasive capaci-
ties of OSCC cells, and promoting EMT (34). Notably, the
progression and migration of breast cancer is also regulated
by the TGF-f1/HOTAIR axis (35). Secretion of TGF-p1 by
CAF activates the TGF-1/Smad pathway in breast cancer
cells, increasing HOTAIR transcription and modifying
histones in the CDKS5 signalling pathway, which leads to
changes in the tumour microenvironment (35). In gastric
cancer, HOTAIR negatively regulates E-cadherin mRNA and
protein expression levels (36). In addition, HOTAIR inhibits
E-cadherin expression by acetylating histone H3K27 to meth-
ylate the E-cadherin promoter, thereby promoting EMT (36).
Liu et al (37) demonstrated that HOTAIR and its two frag-
ments, HOTAIR 3' and HOTAIR 5', promote cell proliferation
of non-small cell lung cancer (NSCLC) in the G,/S phase by
restricting the cell cycle through the regulation of the Rb-E2F
pathway in vitro and through the EMT pathway, which affects
cancer metastasis and invasion. Liu er al (38) reported that
HOTAIR recruitment and combination with polycomb repres-
sive complex 2 (PRC2) epigenetically inhibits the control
target C-Met (HGF/C-Met/Snail pathway) and miR-34a
associated with Snail, thus promoting the procession of the
GC cell EMT and acceleration of tumour migration. HOTAIR
plays a key role in cervical cancer cell metastasis and inva-
sive as transfection with si-HOTAIR increases E-cadherin
expression and decreases the EMT transcription factors, Snail
and Twist (39). Berrondo et al (40) demonstrated that lack
of HOTAIR expression in urothelial bladder cancer (UBC)
cell lines regulates the expression levels of genes associated
with EMT, including SNAII, TWIST1, ZEB1, ZO1, LAMB3,
matrix metalloproteinase (MMP)1 and LAMC2, to decrease
migration and invasion.
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Table I. Expression and signalling pathways associated with tumour metastasis of HOTAIR.

Cancer type Expression Pathways Molecules Refs.

Breast cancer Up TGF-p, PI3K/AKT miR-7, TGF-B1, p53 (27.,31,35,58,60)

Lung cancer Up TGF-3, VEGF EMT, MMP-2, MMP-9 (37,72,79)

Liver cancer Up TGF-3, Wnt/f, VEGF miR-217-5p, EMT, MMP-9, (3244,71)
RBM38

Colorectal cancer Up TGF-f, Wnt/f3, EMT, miR-326, (28,47,61)

PI3K/AKT miR-203a-3p, IGF2BP2

ESCC Up Wt/ WIF-1 (50)

Renal cancer Up TGF-f3, PI3K/AKT miR-203, claudin, E-cadherin, (29,30)
PTEN, miR-217

Gastric cancer Up Wnt/B, PI3K/AKT E-cadherin, miR-34a (36,38 46)

Esophageal cancer Up miR-204 (33)

OScCcC Up TGF-p E-cadherin (34)

HNSCC Up PI3K/AKT, VEGF miR-206, MMP-9 (64,74)

Cervical cancer Up E-cadherin (39)

Bladder cancer Up EMT (40)

Ovarian cancer Up Wnt/f3 (49)

Leukemia Up Wnt/B, PI3K/AKT Cyclin D1, GSK-3f, c-Myc, (48,62)
miR-143

Osteosarcoma Up PI3K/AKT, VEGF E-cadherin, N-cadherin, 59)
p-mTOR, p-PI3K, pAKT,
p27, MMP-9, MMP-2

Melanoma Up PI3K/AKT miR-152-3p 47)

Glioma Up PI3K/AKT, VEGF miR-206, FGF-1, MMP-9, (66,73)
MMP-7

ESCC, esophageal squamous cell carcinoma; OSCC, oral squamous cell carcinoma; HNSCC, head and neck squamous cell carcinoma;
TGFp, transforming growth factor 3; VEGF, vascular endothelial growth factor; miR, microRNA; EMT, epithelial-to-mesenchymal transition;

MMP, matrix metalloproteinase.

HOXC gene cluster

Figure 1. Structure and location of IncRNA HOTAIR, and its association
with different types of human cancer. The HOTAIR gene is in the HOXC
gene cluster, specifically between HoxC11 and HoxC12. HOTAIR is associ-
ated with the occurrence and development of human cancer. IncRNA, long
non-coding RNA; HOTAIR, HOX antisense intergenic RNA.

TGF-f promotes EMT through transcription and
post-transcriptional adjustment of a set of transcription
elements that inhibit epithelial characteristics, including cell
junctions and the expression of polar complex components,
and enhancing mesenchymal characteristics (41). As a key

Chromosome 12

Figure 2. Overview of HOTAIR and tumour metastasis. This figure illus-
trates the chromosome where HOTAIR is located, summarizes the functions
and molecular mechanisms of HOTAIR-mediated gene silencing, association
between HOTAIR and miRNA, and four associated signalling pathways.
These include: i) Act as a ceRNA to compete with miRNA, ii) regulate
gene silencing by H3K27 trimethylation and H3K4 demethylation and
iii) promote metastasis through influence on the TGF-f3, Wnt/B-catenin,
PI3K/AKT/MAPK and VEGF pathways. HOTAIR, HOX antisense inter-
genic RNA; miRNA, microRNA; ceRNA, competitive endogenous RNA;
TGFp, transforming growth factor §; VEGF, vascular endothelial growth
factor; EZH2, enhancer of zeste homolog 2.
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factor triggering tumour promotion, HOTAIR enhances
invasiveness and metastatic ability by inducing EMT through
both ceRNAs and epigenetic mechanisms in the tumour
microenvironment (19).

3. Wnt/p-catenin pathway

The Wnt/B-catenin pathway plays a pivotal role in regulating
cellular processes and angiogenesis in tumours, affecting onco-
genic processes (42). Owing to genic and epigenetic alterations,
abnormal activation of Wnt/f3-catenin signalling is associ-
ated with different types of tumours, such as ovarian cancer
and liver cancer (43). HOTAIR activates the Wnt/B-catenin
signalling pathway to promote tumour progression (15).

As early as 2016, it was demonstrated that HOTAIR
is highly expressed in liver cancer tissues compared with
adjacent normal tissues, and its expression is significantly
associated with poor tumour metastasis (44). Overexpression
of HOTAIR partially promotes HCC processes by activating
the Wnt/B-catenin signalling pathway, and regulating the
proliferation, invasion and tumorigenic ability of liver cancer
cells in vivo (44). HOTAIR has also been reported to specifi-
cally act in HeLa cells, playing an indispensable role in their
proliferation, migration and invasion, as HOTAIR participates
in downregulating TET1 expression to promote the activity
of Wnt/B-catenin signalling (45). The primary effect is to
increase the methylation pattern and decrease the expression
levels of SOX17, PCDHI10, AJAP1 and MAGI2 genes (38).
Cheng et al (46) demonstrated that miR-34a in Wnt/f3-catenin
signalling regulates HOTAIR in GC tissues and cell lines,
which promotes tumour growth in vivo. It has also been
reported that HOTAIR gene knockdown is negatively associ-
ated with the overexpression of miR-203a-3p, which affects
cell proliferation and metastasis (47). miR-203a-3p targets
B-catenin and GRGS5, while overexpression of miR-203a-3p
and HOTAIR knockdown suppress Wnt/f-catenin signal-
ling (47). In addition, overexpression of HOTAIR activates
Wnt/B-catenin, which increases cyclin D1, GSK-3f and c-Myc
expression, as well as enhancing survival and the proliferation
of leukaemia cells (48). Furthermore, cell cycle progression
is promoted by overexpression of HOTAIR through activa-
tion of Wnt/B-catenin signalling, which in turn promotes
ovarian cancer cell proliferation and invasion (49). HOTAIR
directly controls WIF-1 expression by promoting the meth-
ylation of its histone H3K?27 in the promoter region (50).
Wnt/f-catenin signalling is triggered by suppressing WIF-1,
thereby promoting tumour invasion and migration (50).
Aberrant activation of Wnt/B-catenin signalling, generally
caused by genetic and epigenetic alterations, is associated
with a few types of tumour migration (51). The combination
of HOTAIR expression and genetic alterations may decreases
Whnt/B-catenin signalling activity and increase the mRNA
levels of its negative regulators (45).

4. PI3K/AKT/MAPK pathway

PI3K/Akt signalling is associated with cell proliferation,
apoptosis and metastasis (52,53). HOTAIR plays an important
role in tumour metastasis in this pathway by affecting the
expression of related upstream and downstream genes (54).

According to Dasgupta et al (29), overexpression of
miR-203 supresses HOTAIR, resulting in upregulated PTEN
expression, a main regulator of the PI3K/Akt pathway (55).
miR-203 mimic mediated induction of PTEN resulted in
the induction of p21 in ACHN and Caki-1 cells (56,57) and
upregulated mRNA and protein expression levels of the
downstream molecule, p21, which induces the PTEN gene and
suppresses the effectors of downstream pathways that control
proliferation and metastasis. Cheng er al (46) also indicated
that the PI3K/Akt signalling pathway is regulated by HOTAIR
through miR-34a, which promotes tumour growth. In addition,
Yu et al (58) demonstrated that HOTAIR knockdown in MCFE-7
cells increases p53 expression and decreases AKT and JNK
expression, resulting in decreased cell migration and invasion.
HOTALIR silencing decreases the expression levels of p-mTOR,
p-PI3K and p-AKT, thus, HOTAIR promotes osteosarcoma
cell proliferation by activating AKT/mTOR signalling (59). In
addition, HOTAIR knockdown restrains the proliferation and
metastasis of breast cancer cells by decreasing the phosphory-
lation of PI3K/AKT/mTOR (60). Pan et al (61) reported that
the HOTAIR/miR-326/FUT6 axis regulates the fucosylation
of CD44 to facilitate colorectal cancer progression through
the PI3K/AKT/mTOR pathway. Both HOTAIR inhibition
and overexpression of miR-143 inhibit the proliferation and
promote the apoptosis of chronic leukaemia KCL22 and K562
cells through changes to PI3K/AKT pathway proteins (62).
HOTAIR functions as a ceRNA, competing with miR-152-3p
to release c-MET mRNA. This leads to downstream
PI3K/Akt/mTOR signalling pathway activation, and mela-
noma cell proliferation and metastasis (63). It is speculated
that HOTAIR competitively binds to miR-206 and restrains
its expression. miR-206 targets STC2 to inhibit head and neck
squamous cell cancer (HNSCC) cell proliferation, migration
and invasion through the PI3K/Akt signalling pathway (64).
Thus, HOTAIR silencing inhibits the proliferation, migration
and invasion of HNSCC cells, while increasing their rate of
apoptosis. Fibroblast growth factor-1 (FGF1) belongs to the
fibroblast family and activates the PI3K/AKT and MEK1/2
signalling pathways (65,66). HOTAIR inhibits FGF1 expres-
sion by upregulating miR-326 expression, which inhibits the
proliferation, invasion and migration of cells in the G,/G,
phase, promotes apoptosis and induces cell cycle arrest (66).

Taken together, these results suggest that the PI3K/Akt/
MAPK signalling pathway is significant for the transduction
of membrane receptor signals into cells, which functions in
tumour metastasis by influencing tumour cell migration and
adhesion, as well as tumour cell angiogenesis.

5. Vascular endothelial growth factor (VEGF) pathway

It is well-known that tumour angiogenesis plays an important
role in tumour invasion and migration. Among angiogen-
esis factors, VEGF, a highly specific vascular endothelial
growth factor, plays a vital role in the extracellular matrix
and vascular endothelial cells (67). HOTAIR is directly
involved in promoting VEGFA transcription. The results of
a dual-luciferase report assay revealed that the transcription
of the 2.3 kb VEGFA promoter is activated by HOTAIR (68).
The degradation of extracellular matrix proteins is closely
associated with MMPs, increasing the potential of cancer cells
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to invade, proliferate and migrate (69). In addition, glucose
regulatory protein 78, a member of the heat shock protein
70 family, has been recognized as an anti-angiogenic target
of HOTAIR in NPC cells (68,70). A previous study hypoth-
esized that HOTAIR knockdown decreases proliferation of
cells and is associated with decreased MMP-9 and VEGF
expression, which play vital roles in the motility and migra-
tion of cells in HCC (71). Liu et al (72) demonstrated that
HOTAIR is upregulated in NSCLC tissues, which promotes
cell invasion and migration, partially through the downregula-
tion of HOXAS; in addition, HOTAIR knockdown decreases
MMP-2 and MMP-9 protein expression levels in NSCLC cells.
Collectively, these results suggest that HOTAIR may affect the
potential of NSCLC cells to invade and migrate by altering
the expression levels of MMPs and HOXAS (72). In addition,
Zhao et al (73) assessed 123 patients undergoing surgery for
glioma and demonstrated that HOTAIR may facilitate inva-
sion by increasing the expression levels of MMP-9, MMP-7
and VEGF. Kim et al reported that HOTAIR accelerates the
invasiveness of cervical cancer cells by upregulating VEGF
and MMP-9 expression (74). HOTAIR expression is signifi-
cantly upregulated in patients with osteosarcoma (OS), and
is associated with lymph node metastasis (59). In addition,
HOTAIR mediates the proliferation of OS cells by regulating
the expression levels of cyclin E, CDK2, CDK4 and p27,
MMP-2, MMP-9 and CD44, which promotes OS cell inva-
sion and metastasis (59). Taken together, these results suggest
that HOTAIR promotes tumour cell metastasis by regulating
VEGF-related specific proteins, such as extracellular matrix
proteins; however, the specific molecular mechanisms are yet
to be investigated.

6. Others

Epigenetic modification is defined as heritable changes that
appear in gene expression of unchanged DNA sequences.
In addition, chromatin remodelling is an important part of
epigenetics (75). A single IncRNA can serve as the interface
of DNA and specific chromatin remodelling activities, leading
to diseases, such as cancer and activities, such as tumour
metastasis (76-78).

HOTAIR acts as a molecular scaffold to connect and
target PRC2 and LSDI, histone modification complexes, and
subsequently reprograms chromatin states by coupling histone
H3K27 methylation and H3K4 demethylation to promote
cancer metastasis through epigenetic gene silencing (27).
Gupta et al (27) proposed that enforced expression of HOTAIR
in epithelial cancer cells induced genome-wide re-targeting of
PRC?2 to an occupancy pattern more resembling embryonic
fibroblasts, leading to altered histone H3 lysine 27 methylation,
gene expression, and increased cancer invasiveness and metas-
tasis in a manner dependent on PRC2. Recently, Wu et al (28)
reported that proliferation, invasion and metastasis can be
inhibited by silencing HOTAIR, and the apoptosis of LoVo
colon cancer cells can be expedited by supressing IGF2BP2.
In addition, protein modification plays an indispensable role
in epigenetic modifications. HOTAIR functions in the promo-
tion of the migration and invasion of HCC cells by inhibiting
RBM38, an RNA-binding protein, suggesting that HOTAIR
and RBM38 play significant roles in the progression of
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HCC (79). Notably, RBM38 may have an important function
in the TGF-f signalling pathway, according to an integrated
KEGG pathway analysis; however, further studies are required
to confirm these findings.

Increasing evidence suggests that cancer cells support
tumour progression by secreting extracellular vesicles (EVs),
and several IncRNAs appear in EVs in different tumour
cells (80). IncRNAs from exosomes act as signalling molecules
for intercellular communication, and play indispensable roles in
tumour invasion and metastasis, including HOTAIR (81). The
expression levels of SNAIL, TWIST1, MMP1, LAMB3, ZEBI,
Z0-1,JAM2, LAMC2 and ABL2 in UBC cells are changed
by exosomal IncRNA-HOTAIR, which induces the migration
and invasion of carcinoma cells (40). It has been demonstrated
that HOTAIR originating from carcinoma cells exhibits the
possibility of being liberated in the tumor microenvironment
by EVs and delivered to endothelium cells, thereby accelerating
tumour metastasis (82,83). Although the specific association
between exosomal HOTAIR and cancer metastasis remains
unclear, the role of HOTAIR is worthy of further investigation.

7. Prospects and challenges

Tumour metastasis refers to tumour cells leaving their primary
growth sites (local infiltration and intravascular infiltration),
undergoing systemic displacement (surviving in the circulation,
retention in distant organs and extravasation), and adapting
for survival and reproduction in the foreign microenviron-
ment of distant tissues (84). With the development of medical
technology, surgical resection and adjuvant therapy can cure
limited primary tumours; however, metastatic diseases remain
largely incurable. This explains why >90% of cancer mortality
is attributed to metastasis instead of the primary tumours
caused by these malignant lesions (85).

HOTAIR is abundant in saliva, clinical blood samples and
exosomes. Owing to its structural stability and cell/tissue type
specificity, HOTAIR is stable, sensitive, specific and easy to
detect (40,86). Early detection of HOTAIR in body fluid samples
may facilitate its role as a biomarker for the diagnosis of different
types of carcinomas (87). A previous study demonstrated that
serum exosomes containing HOTAIR act as potential diagnostic
and prognostic biomarkers for breast cancer, and its high expres-
sion is associated with response to treatment (88). In addition,
Wang et al (89) demonstrated that HOTAIR is significantly
associated with clinical parameters of laryngeal squamous
cell carcinoma (LSCC), suggesting its potential as a valuable
biomarker for screening LSCC and a promising predictive
tool for patients with LSCC patients. Similar results have been
reported in lung cancer, stomach cancer and liver cancer (90-93).
In summary, HOTAIR functions as follows: i) Promotes epigen-
etic activation/repression of tumour suppressor gene function,
ii) affects the inhibition of target gene expression by competi-
tively binding miRNA and iii) modifies genes to ensure their
compatibility with transcription factors, while ribosomes can
post-transcriptionally interact with splicing factors (30).

The complexity of the molecular mechanism of HOTAIR
was unexpected; thus, more detailed studies are required. It is
speculated that a better understanding of the biological func-
tions of HOTAIR in cancer pathogenesis will provide in-depth
knowledge about malignant tumours, and help identify basic
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disease processes and provide useful treatment for patients
who suffer from tumours. In addition, investigations to eluci-
date the molecular mechanisms of how HOTAIR is expressed
and regulated, such as the characteristics of HOTAIR protein
biochemistry and structure and HOTAIR-DNA interactions,
may help identify potential therapeutic treatment tactics for
different types of cancer.
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