Genes & Diseases (2022) 9, 1269—1280

. ; ; ; Genes &
Available online at www.sciencedirect.com Diseases

ScienceDirect

journal homepage: http://ees.elsevier.com/gendis/default.asp

REVIEW ARTICLE

Long noncoding RNA (IncRNA) HOTAIR: L)
Pathogenic roles and therapeutic
opportunities in gastric cancer

Wencheng Kong, Guang Yin, Sixin Zheng, Xinchun Liu, Akao Zhu,
Panpan Yu, Jian Zhang, Yuqiang Shan, Rongchao Ying®,
Huicheng Jin

Department of Gastroenterological Surgery, Affiliated Hangzhou First People’s Hospital, Zhejiang
University School of Medicine, Hangzhou, Zhejiang 310006, PR China

Received 2 November 2020; received in revised form 21 June 2021; accepted 6 July 2021
Available online 21 August 2021

KEYWORDS Abstract Gastric cancer is one of the first malignant cancers in the world and a large number
Expression; of people die every year due to this disease. Many genetic and epigenetic risk factors have
Gastric cancer; been identified that play a major role in gastric cancer. HOTAIR is an effective epigenetic
HOTAIR regulation; agent known as long noncoding RNA (IncRNA). HOTAIR has been described to have biological
Regulatory pathways functions in biochemical and cellular processes through interactions with many factors, lead-

ing to genomic stability, proliferation, survival, invasion, migration, metastasis, and drug resis-
tance. In the present article, we reviewed the prognostic value of the molecular mechanisms
underlying the HOTAIR regulation and its function in the development of Gastric Cancer,
whereas elucidation of HOTAIR—protein and HOTAIR—DNA interactions can be helpful in the
identification of cancer processes, leading to the development of potential therapeutic strate-
gies.
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The long non-coding RNA (IncRNA) is one of the most
- important types of non-coding RNA discovered and has
Corresponding author. important functions in the cells. The difference between
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HOX transcript antisense RNA)HOTAIR (as an oncogenic
INcRNA is implicated in the pathogenesis and progress of
many types of malignancies.>* HOTAIR is located in an
intergenic area between HOXC11 and HOXC12 on chromo-
some 12q13.13 that is implicated in epigenetic regulation of
transcription in the HOXC gene cluster.” HOTAIR has been
defined to function as the regulator of various genes
implicating in epithelial—mesenchymal transition, cell
proliferation, migration, and metastasis.®’

HOTAIR is capable of participating in the regulation of
chromatin states and dynamics via recruiting polycomb
repressive complex 2 (PRC2) occupancy. Suppression of
HOTAIR leads to reduction of H3K27 trimethylation and
suppression of tumor suppressor genes via the enhancer of
zeste homolog 2 (EZH2).%°

HOTAIR is capable of recruiting PRC2 complex and LSD1/
CoREST/REST complexes for targeting specific genes, which
results in H3K27 trimethylation and H3K4 demethylation,
leading to epigenetic suppression of metastasis suppres-
sors; while HOTAIR down-regulation has been revealed to
be associated with decreased inventive phenotypes of
cancer. These results indicate that IncRNAs are involved in
epigenetic reprogramming that leads to cancer develop-
ment; thus, they can serve as key targets for the develop-
ment of novel approaches for cancer diagnosis and
therapy.®'® HOTAIR seems to be a favorable predictive
marker for the biological behavior of cancer and a thera-
peutic strategy for targeted therapy. Therefore, the aim of
this review was to assess the genetic variants in HOTAIR and
their correlation with gastrointestinal cancers susceptibil-
ity, especially Gastric Cancer (GC).

Genetic variants in IncRNA HOTAIR

The functional single nucleotide polymorphisms (SNPs) are
considered as genetic risk factors for gastric carcinogen-
esis."’'2 Some studies point out that HOTAIR SNPs are
associated with the risk of many kinds of malignancies
(Table 1). HOTAIR SNPs seem to be potentially capable of
altering HOTAIR expression in the cell.

An intronic SNP rs4759314 locating on the promoter site
of HOTAIR has been suggested as a marker for the predic-
tion of GC in the Chinese populations. AG/GG genotypes of
the rs4759314 were suggested to be a risk factor for GC.
SNP rs4759314 is capable of influencing intronic promoter
site, which results in allele-specific effects on HOTAIR and
HOXC11, leading to GC susceptibility, while the effect of AG
genotype was found to be markedly higher in comparison
with the AA genotype.' Rs7958904 CC genotype has been
attributed to cervical cancer, compared to the GG/GC
genotypes.'*

TT genotype of SNP rs920778 has been found to be
involved in regulating gene expression of HOTAIR and may
be linked to cancer susceptibility (Table 1). Previous
studies have revealed that SNP rs920778, which is located
on the HOTAIR intronic enhancer site in esophageal cancer,
was capable of altering this enhancer in esophageal cancer
cell lines and normal esophageal tissues, which leads to
increased HOTAIR levels among T allele carriers, and might
be considered as a mechanism involving in esophageal
squamous cell carcinoma susceptibility. These results

provide functional genetic variants involving in HOTAIR
regulation, thereby partly indicating the basis of esopha-
geal squamous cell carcinoma.’ HOTAIR rs920778 T allele
has been demonstrated to contribute to an increase in the
risk of Gastric Cancer (GC) in comparison with the C allele.
The rs920778C > T SNP has been confirmed to be capable
of altering intronic enhancer site, resulting in elevation of
HOTAIR RNA level among T allele carriers in GC cell lines
and tissues, indicating functional genetic variants impli-
cating in the regulation of HOTAIR in GC, which might
serve as a potential factor for GC susceptibility in Chinese
population.'®

Overexpression of HOTAIR has been illustrated to lead to
an advanced stage, poor prognosis and poor overall survival
rate in patients with gastric cardia adenocarcinoma. The
mutated T allele of rs12826786 led to genotype-specific
change of HOTAIR expression, contributing to TNM stage
and development of cardia adenocarcinoma in a population
of north China."” But some other studies have ruled out the
association of 2826786 and rs920778 polymorphisms with
gastric cancer.'®"”

Molecular function of HOTAIR in GC

Estrogen signaling, estrogen receptors (ERs) and ER
coregulators and HOTTAIR

So far, the role of estrogen signaling and its association with
many cancers such as GC has not been investigated,
therefore the role of HOTAIR in estrogen-mediated tran-
scriptional regulation needs to be revealed in GC patients.
It has been revealed that ERs are capable of forming a
complex with the endothelial nitric oxide synthase (eNOS),
associating with chromatin in an estrogen-dependent
manner in prostate cancer.

Hormonal regulation of HOTAIR was found to be
associated with the formation of these complexes, but not
in normal endothelial cells. HOTAIR has also been
demonstrated to be involved in the regulation of estrogen
receptor transcriptional targets and is capable of
regulating estrogen-dependent and independent tran-
scription of many genes, including pS2, hTERT and PSA, in
prostate cancer, however, it is not capable of partici-
pating in the regulation of androgen receptor-activated
pathways.?’

Dysregulation of ERs has been defined to be implicated
in the progression of many cancers.”’ ERs and ER-
coregulators  (e.g., chromatin-remodeling enzymes;
mixed-lineage leukemia (MLL) family of histone methyl-
transferases (MLL1, MLL3) and CBP/p300) have been
defined to be capable of targeting HOTAIR promoter in an
E2-dependent fashion.?%?3

HOTAIR exhibited direct interactions with PRC2 and
histone demethylase LSD1, in turn, requiting target gene
loci and inhibiting their transcriptional levels through
H3K27 trimethylation (for PRC2) and H3K4 demethylation
(for LSD1), which suggests its role as a modulator of chro-
matin scaffold.?*2> CBP/p300 is also involved in estradiol-
induced HOTAIR expression, where it led to H3K4met3
promotion and histone acetylation and HOTAIR
transcription.?®
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Table 1 Data was obtained from LincSNP 3.0: a database for functional variant of LncRNA at http://bio-bigdata.hrbmu.edu.
cn/lincsnp/index.jsp.
HOTAIR Variant Regulation LncRNA  Cancers Functional role Pubmed
Target ID
rs920778 Up regulation HER2 gastric Associated with HOTAIR up regulation, leading 25640751
to GC susceptibility
rs12826786 Up regulation = gastric No considerable role in susceptibility to GC 28342055
rs12826786 Up regulation = gastric cardia may be capable of increasing HOTAIR levels 25476857
adenocarcinoma
rs920778 Up regulation = esophageal conferring ESCC susceptibility 24788237
squamous cell
carcinoma (ESCC)
rs4759314 Up regulation = pancreatic PVT1 rs1561927 polymorphism the G allele was 30475759
highly seen in ductal adenocarcinoma and
pancreatic neuroendocrine tumor, HOTAIR
rs4759314 G allele in pancreatic
neuroendocrine tumor, serve as markers in
cancer prediction
rs4759314 and  Up regulation pancreatic minor alleles of rs4759314 and rs200349340 30867650
rs200349340 were associated with increased expression of
HOTAIR
rs920778 NA — hepatocellular maker for predicting Cancer 29141248
carcinoma
rs1899663 Up regulation = lung associated with higher risk of cancer 30154526
rs4759314 = = lung rs4759314 and rs12826786 are linked to cancer 30464618
susceptibility in Chinese Han population
rs7958904 = = lung Platinum chemotherapy response 26729200
rs920778 Up regulation = lung cancer rs920778, rs1899663, and rs4759314 are 30154526
associated with higher risk
rs1899663 = = lung Correlation with platinum chemotherapy 26729200
response
rs12826786 = = breast genetic susceptibility to cancer and poor 26577852
prognosis
rs920778 = = breast increased the risk of cancer 25586347
rs920778 = = breast increased the risk of cancer 26547792
rs12826786 = = prostate Risk of cancer and progression-free survival 29436234
rs12826786 = = prostate HOTAIR variants are related to prostate cancer 28259691
and hyperplasia in an Iranian population
rs920778 = = prostate rs920778 and rs12826786 was not linked to 29436234
cancer susceptibility
rs1899663 = = prostate rs1899663 T allele increased risk of disease 28259691
rs920778 Up regulation = ovarian rs920778 polymorphism was associated with 27690631
susceptibility to cancer and prognosis
rs2366152 Down miR-22  cervical Involved in pathogenesis of CaCx, miR-22 was 27683269
regulation capable of decreasing rs2366152C- HOTAIR
IncRNA in CaCx cell, acts as a marker for
singling out CaCx
rs920778 Up regulation = cervical is able to regulate HOTAIR expression, is 27467165
associated with susceptibility to cancer
rs7958904 Up regulation cervical Linked to cell proliferation and risk of cervical 28600545
cancer; rs7958904 CC genotype showed
increased HOTAIR level than those with GG
genotype
rs920778 Up regulation = papillary thyroid rs920778 SNP was capable of regulating HOTAIR 27549736
carcinoma (PTC) expression, served as functional genetic
variant in PTC
rs4759314 Up regulation HOXC urothelial cell Patients are at risk disease after controlling for 30982978

carcinoma

age and tobacco use and poor overall survival
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Down-regulation of HOTAIR was found to be linked to the
suppression of invasive phenotypes of cancer, in cells with
extensive PRC2 activity.'® ERB plays a crucial role in RCC
development through increasing HOTAIR and altering the
ceRNA network. ERB-modulated HOTAIR was capable of
affecting many genes (EZH2, VEGFA, ZEB1, ADAM9, VIM,
CCND2, and ZEB2) by antagonizing different miRNAs (i.e.,
miR-200c, miR-138, miR-204, miR-217); thus, HOTAIR has
been suggested as a marker for the detection of progression
of overall survival in RCC.*

ERa36 over-expression was indicated to be extensively
involved in lymph node metastasis in GC. High expression of
ERx36 protein can be observed in GC cell lines, tissues,
plasma membrane and cytoplasm cells.?” A study suggested
that positive ERa and negative ERpB expression are related to
poor survival in patients with GC.?® Increased level of ERB5
mRNA has been reported to be linked to pTNM stage, and
lymph node metastasis.”’ Positive estrogen receptor (ER)
mMRNA is increasingly recognized to be a crucial aspect for
regional lymph nodes metastases and growth of gastric car-
cinoma, suggesting its potential for prognosis and endocrine
therapy.>° Contradictory results addressed protective role of
ERB in GC against the invasive phenotype of GC.>' ERa, ERB,
PR, and AR expression levels were revealed to contribute to
advanced tumor grade and intestinal type, while ERa and AR
were linked to the early TNM stage, which indicates that
their clinicopathological and prognostic values can be
limited.?? Deregulated ERs have been shown to exhibit po-
tential benefits for diagnosis, prognosis, and targeted ther-
apy in GC. To the best of our knowledge, no study has been
conducted on the role of ERs-HOTAIR axis and estradiol-
induced HOTAIR expression in GC. The significance of this
approach will be revealed in future studies investigating the
function of HOTAIR in both physiological and pathological
processes in molecular, cellular, and tissue levels, as well as
from elucidation of ERs-HOTAIR associations, and in-
teractions of ER isoforms in GC, which provides a systematic
understanding of ERs for providing diagnostic, prognostic,
and targeted therapy in ER-associated gastric cancer.

A study indicated that transfection of siRNA against siH3
led to the transcriptional gene silencing of heparinase in GC
as well as prostate and bladder cancer, resulting in the
decreased invasion, metastasis, and angiogenesis of this
cancer, but transcriptional gene silencing was not found to
be implicated in changes of epigenetic markers including
H3K9me2, H3K27me3, or AcH3. Therefore, this evidence
showed the potential benefit of TSS-targeted small RNAs for
the suppression of malignant phenotypes of cancer.>?

Proto-oncogenic MYC family

C-MYC as an oncoprotein is capable of up-regulating HOTAIR
at the transcriptional level and its promoter activity via
interacting with E-box element, leading to negative regu-
lation of miRNA-130a and progression of gallbladder cancer
cells, suggesting that C-MYC plays a major role in gall-
bladder cancer cells.>* C-MYC has been found to function as
a regulator of many protein-coding and non-coding genes
such as miRNAs.?> The interaction of IGF2BP1 with (ncRNA
GHET1 in GC was found to be associated with over-
expression of both mRNA and protein levels of MYC.>®

Overexpression of INCRNA CCAT1-L transcript variant has
been identified in colorectal cancer, and MYC was capable
of increasing the level of CCAT1-S variant in GC and colon
cancer via binding to the E-box element.3”>*® MYC-induced
HOTAIR has been suggested to play a crucial role in cell
cycle progression and metastasis.>’ The intricate interac-
tion between MYC and other IncRNAs such as HOTAIR has
not yet been identified in GC and other types of cancer, and
further investigation is required in this field.

Transforming growth factor-g1 (TGF-B) in the
tumor microenvironment

It has been suggested that HOTAIR is involved in tumor
progression by stemness acquisition. Another study indi-
cated that HOTAIR was capable of affecting the TGF-B/
Smad signaling pathway and can increase proliferation, and
migration in the TGF-B2-induced EMT in human lens
epithelial cells, while HOTAIR suppression was associated
with the reduction of the TGF-B-induced cell progression.*°
TGF-B was found to be capable of assembling a receptor
complex involving SMAD2, SMAD3 and SMAD4 activation,
leading to transcription.”’ CDK5 has been found to be
involved in CAF-induced EMT, where CAFs can mediate EMT
and HOTAIR via CDK5 signaling. A novel epigenetic molec-
ular mechanism has been described, in which TGF-p1/
CDK5/HOTAIR axis is involved in modulating EMT and the
progression of tumor cells in cancer-associated fibro-
blasts.“>* Increased linc-POU3F3 could enhance regulatory
T (Treg) distribution, leading to the promotion of cell pro-
liferation by SMAD2 and SMAD3 phosphorylation and acti-
vating TGF-B signaling pathway in GC.** Current data
provide further insights into the role of HOTAIR in cancers,
however, the role of TGF-B/HOTAIR axis in GC cell lines and
tissues is unknown or is still poorly understood.

Tumor necrosis factor-o (TNF-o)

TNF-a is another extrinsic factor in the tumor microenvi-
ronment that is involved in up-regulating HOTAIR and
inducing EMT in breast cancer.**¢ TNF-a production plays
a key role in the development, progression and poor
prognosis of many kinds of cancers such as GC. On the
other hand, disruption of TNF-o or TNFR1 receptor genes
has been clarified to be linked to the inhibition of induced
malignancies in the mouse GC.*’*® TNF-o/ TNFR1 signaling
has been demonstrated to be capable of increasing GC
progression via inducing Noxo1 and Gna14 “6, HOTAIR has
been illustrated to be implicated in IkBa. degradation,
leading to NF-«B activation and expression of its targets
such as cytokine, and pro-inflammatory genes,*® which
demonstrates its role in inflammatory and immune
response. Studies on the role of TNF-a/HOTAIR signaling in
cancer are very limited; therefore, more evidence is
needed for further interpretation that is not possible
right now.

Nuclear factor kappa B (NF-kB)

A study demonstrated an NF-KB-responsive element in the
upstream of the HOTAIR promoter. NF-kB-driven expression
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of HOTAIR at the transcriptional level, triggered NF-«B, IL-6
and CHK1-p53-p21 signaling, consequently leading to
cellular senescence and chemotherapy resistance in
ovarian and other cancers, suggesting the involvement of
RNF-kB-HOTAIR in exerting a positive-feedback loop
cascade in DNA damage response.”® The potential interac-
tion of NF-xB activation with HOTAIR has been demon-
strated because of DNA damage response. As indicated,
HOTAIR up-regulation could trigger EMT in many types of
cancers such as ovarian and colon cancers.’"">> However,
the role of NF-kB-HOTAIR axis and its network requires
further investigation in cancers such as GC.

HOTAIR has been found to contribute to 5FU resistance
and consequent development of colorectal cancer via
recruiting EZH2, inhibiting miR-218 and activating NF-kB
signaling, and facilitated foundation for the aberrant acti-
vation of VOPP1 as the target of miR-218 in colorectal
cancer.>® VOPP1 could play a key role in regulating NF-«B
transcription, leading to tumor resistance to apoptosis. NF-
kB translocation was associated with cell-cycle progression
and the loss of E2F-1 as a transcriptional factor, which
resulted in TS enzyme, a target of 5FU therapeutic strat-
egy;>> >° thus, HOTAIR has been introduced as a thera-
peutic target in colorectal cancer, when its suppression
could lead to chemosensitivity in 5FU-based chemotherapy.
HOTAIR causes chemoresistance of cells in GC,>® colorectal
cancer,”® bladder cancer,”” etc. However, the role of
HOTAIR in the development of tumorigenesis and chemo-
resistance in many cancers such as gastrointestinal cancers
is poorly understood.

A growing body of evidence indicates that the NF-«xB
signaling cascade is involved in inflammation-induced
oncogenesis, e.g., gastrointestinal cancers.?®>* NF-kB sys-
tem has been defined to be associated with the inflamma-
tion and activation of inflammatory cells, which can lead to
cancer development and progression of cancer in different
cells. A number of tumor-suppressor or oncogenic proteins
have been found to be aberrantly involved in gastric
tumorigenesis and progression via regulating NF-«B activity.
NF-kB is involved in regulating many cellular processes and
implicating in the regulation of many properties linked to
malignant phenotypes, which suggests its potential for the
development of targeted therapy and diagnostic tools in
patients suffering from GC cancer, and other cancers. In
addition, suppression of NF-«kB was effectively linked to
increased cell death in cancer cells, leading to the pro-
motion of therapeutic strategies.

CpG island methylation and HOTAIR regulation

An intergenic region or regulatory element has been also
found to be located in 1-kb downstream of HOTAIR (the 3’
end of the HOTAIR, between HOTAIR and HOXC12), namely
CpG island, which increased DNA methylation in this region
and was associated with the up-regulation of HOTAIR;
therefore, CpG island has been proposed to be involved in
the prevention of repressive heterochromatin from
spreading to the HOXC12 . CpG island methylation could be
biologically linked to HOTAIR regulation, but its role in
cancer is poorly understood; therefore, further clarifica-
tions are needed to increase our understanding regarding

the interaction between HOTAIR and CpG Island in cancer
patients. CpG Island in the HOTAIR-N-HOXC11 region pro-
vided an opportunity for evaluating the regulation of a
sense—antisense transcript, where regulation of antisense
transcripts has been suggested to contribute to cancer
development.®°

Type 1 collagen (Col-1) and OPN

Unfortunately, few investigations explained the mecha-
nisms underlying the function of HOTAIR and their corre-
lation with Col-1, even available studies warrant further
clarification of ECM-mediated regulation of HOTAIR in
cancer and its association with cancer microenvironment.
ECM-mediated up-regulation of HOTAIR-N has been
demonstrated in Claudin-low breast cancer cells, where
H3K4me3 and BRD4 binding to a HOTAIR-N promoter are
associated with HOTAIR expression, leading to invasive
growth in cancer cells, while siRNA HOTAIR led to inhibition
of invasive growth.®! Further investigations are required to
clarify the interaction of ECM, IncRNA, and epigenetic
coding with hallmarks of cancer.

Osteopontin (OPN) is also implicated in the up-
regulation of HOTAIR via reduction of the inhibitory effect
of interferon regulatory factor-1 (IRF1), leading to malig-
nant phenotypes of cancer cells, e.g., invasive and meta-
static behavior; while IRF1 was capable of targeting HOTAIR
promoter, which leads to HOTAIR suppression.®? OPN up-
regulation demonstrated a high aggressiveness phenotype
of GC and colorectal cancer,®® and was associated with poor
overall survival in patients suffering from GC, suggesting its
prognostic value for Asian patients and patients with sur-
gical resection.®*> Additionally, OPN was associated with
the development of GC from H. Pylori.®® The role of host-
derived OPN and tumor-derived OPN needs further inves-
tigation. Few studies evaluated functional overview of the
mechanisms underlying the HOTAIR/OPN axis regulation in
cancers, and, to the best of our knowledge, no data are
available for GC in this regard.

Poly r(C)-binding protein (PCBP) and HOTARI

It has been suggested that PCBP1 is highly decreased in
HOTAIR expressing cells, where the direct interaction of
HOTAIR with poly r(C)-binding protein (PCBP)-1 was
revealed. The findings demonstrate an oncogenic role for
HOTAIR in GC via inhibition of PCBP1, leading to metastasis
of GC cells.®” Replenishment of PCBP1 or miR-3978 was
capable of attenuating legumain protein expression level
and increasing docetaxel chemosensitivity. Replenishment
of miR-3978 was found to be involved in inducing PCBP1
protein, suggesting its potential for repressing the negative
regulator of PCBP1 in peritoneal GC metastasis.®®

PCBP1 could function as a tumor suppressor and its
repression was found to be associated with the progression
and development of many cancers, such as GC, metastatic
GC, liver, colon cancer, lung, cervical, and breast cancer,
as well as thyroid carcinoma cells.®”~7® PCBP1, as a tran-
scription regulator, plays a crucial role in regulating cancer-
related genes via multiple mechanisms,’*”> such as phos-
phatase of regenerating liver 3 (PRL-3) suppression in colon
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cancer cell,”” inactivation of TGF-B pathway, stabiliz-
ing tumor suppressor mRNA (e.g., POLH, p63),”®”° pro-
moting  apoptosis  pathways,’°%2 and  protecting
chromosomal integrity.”>®> In this regard, it can be
concluded that PCBP1 could participate in multiple mech-
anisms underlying the regulation of genes involved in
tumorigenesis, however, HOTAIR/PCBP1 axis needs further
investigations to clarify the underlying mechanisms that
remained elusive.

HOTAIR interaction with miRNAs in GC

A growing body of evidence indicates that IncRNAs are
capable of interacting with miRNAs, leading to epigenetic
regulation of many genes implicating in transcriptional and
post-transcriptional processes, etc. Inverse expression
levels between miRNA and IncRNA may occur with or
without direct binding, and even miRNAs are capable of
binding to miRNA recognition elements (MRE) in lncRNAs
acting as competitive endogenous RNAs (ceRNAs), leading
to regulation of diverse cellular processes involving in
cancer development (Table 2).

HOTAIR up-regulation was found to be linked to invasive
phenotypes of gastric carcinoma cells, whereas HOTAIR loss
led to suppression of both invasive phenotypes and cell
viability. HOTAIR may play a key role in ceRNA regulatory
mechanism via sponging miR-331—3p for modulating the
suppression of epidermal growth factor receptor type 2
(HER2), leading to induction of post-transcriptional regula-
tion. Therefore, the positive association of HOTAIR with
HER2 leads to the development of GC.% EZH2 may function
as an oncogenic regulator, thereby regulating the progres-
sion of GC.%? HOTAIR has been defined to be a target for both
miR-331—3 P and miR-124, whereas MiR-331—3p or miR-124
overexpression is capable of suppressing cell proliferation
in GC, and expression level of miR-331—3p/miR-124 has
been reported to be inversely linked to HOTAIR level in
advanced GC, which is in line with consequences of HOTAIR
knockdown in GC cells (BGC-823). The current evidence of
miR-331—-3p/miR-124 and HOTAIR interactions highlight the
role of the post-transcriptional mechanism in the develop-
ment of GC. These results proposed a protecting effect for
ceRNA that can be capable of sequestering miRNAs. %8

Another study illustrated another example of HOTAIR
interaction with miRNA and provided more direct evidence
that HOTAIR can be implicated in the tumor escape mech-
anism in GC, showing its role as a ceRNA via suppression of
miR-152, resulting in up-regulation of human leukocyte
Antigen-G (HLA-G) level. It is noteworthy that the negative
association of HOTAIR with miR-152 has been confirmed via
bioinformatics analysis and in-vitro assessment.’® Based on
this data and the regulatory role of miR-152 on the HLA-G
expression, it has been hypothesized that HOTAIR may be
involved in increasing HLA-G expression by suppressing miR-
152 expression, leading to GC progression. This new bio-
logical function of HOTAIR suggests a key avenue for
potentiating immunotherapy to increase the prognosis and
survival of patients. However, the role of HOTAIR in tumor
immune escape has been not sufficiently established.

MiR-152 over-expression has been found to be associ-
ated with repression of HLA-G expression by targeting its

3’-UTR sites, which lead to increasing NK cell-mediated
cytolysis, while miR-152 was not able to effect invasive
phenotypes of JEG-3 cells, supporting its role in enhancing
the immune system.®' Previous findings support the sup-
pressive role of miR-152 in cell proliferation, migration/
invasion, and motility via inhibiting tetraspanin membrane
protein CD151. CD151 was capable of accelerating GC by
inducing invasion and metastasis in GC.°* The role of
CD151 in promoting cell motility and metastasis has been
reported in vivo.®>** Decreased expression levels of miR-
148a and miR-152 have been reported to be linked to
the progression and development of gastrointestinal
cancers.””

In another study on cervical cancer, it was indicated that
HOTAIR acts in the up-regulation of HLA-G expression by
negative regulation of miR-148a through direct interaction
and leading to in vivo proliferation, migration, and inva-
sion, while siRNA HOTAIR reversed these phenotypes, and
promoted apoptosis, suggesting the potential of HOTAIR-
miR-148a-HLG-A axis in the development of a novel thera-
peutic strategy in cervical cancer.”® However, an in-depth
understanding of the mechanism underlying HOTAIR inter-
action with miRNAs is required, especially in GC cancer. In
GC, miR-148a, a member of the miR-148/152 family,
exhibited a low expression level in GC tissues and cell lines,
which was capable of regulating multiple targets and
pathways implicating in malignant phenotypes, e.g., cell
growth, proliferation, invasion, and metastasis in GC.
Emerging evidence has demonstrated the existence of
IncRNA MeG3-miR-148a interaction network that enables
miRNAs suppression and inhibits MeG3 via modulation of the
Dnamethyl transferase 1 (DnMT1) in GC, while its over-
expression led to DnMT1 suppression, contributing to MeG3
expression.””?® Thus, an in-depth understanding of the
interaction between HOTAIR and miRNAs, especially the
miR-148/152 family may serve as a novel therapeutic
strategy in GC.

HOTAIR plays a key role in increasing GC cell EMT and
metastasis via binding to PRC2 and epigenetic suppression
of miR34a through H3K27me3 modification, which subse-
quently could lead to the promotion of C-Met, HGF/C-Met/
Snail pathway components, and in turn, increased Snail
level in GC.¥’

LncRNA networks have complex regulatory mechanisms,
contributing to diverse biological functions; thus, these
complex regulatory mechanisms require further clarifica-
tion for choosing the appropriate therapeutic targets and
exploring novel potential therapeutic strategies.

Clinicopathological characteristics and prognostic
value of HOTAIR in GC

HOTAIR RNA expression levels in gastrointestinal cancer cell
lines were adapted from Cancer Cell Line Encyclopedia
(CCLE) database (https://portals.broadinstitute.org/ccle),
(Fig. 1A). Furthermore, HOTAIR expression RNA (Seq V2;
log2), copy number alterations, was indicated in Figure 1B
(https://www.cbioportal.org). Furthermore, Kaplan—Meier
Plotter was applied to generate overall survival (OS), first
progression (FP), and post progression survival (PPS) plots
(Fig. 2).
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Table 2 MiRNA targeting of HOTAIR through direct and indirect interactions and HOTAIR involving in ceRNA regulatory

network.

HOTAIR involved in direct interaction

miRNA mRNA targets of miRNA  HOTAIR role Cancer type PMID

miR-1 FOXC1-activated driver of Hepatocellular carcinoma 27895772
malignancy,

miR-130a a c-Myc activated driver of Gallbladder cancer 24953832
tumorogenesis

miR-148a human leukocyte Oncogenesis: promoted Cervical cancer 27574106

antigen-G (HLA-G) proliferation, migration and

invasion

miR-152 HLA-G Oncogenesis: tumor escape Gastric cancer 26187665
mechanisms

miR-34a Oncogenesis Prostate cancer 23936419

miR-101 COX-2 Increased invasion and nasopharyngeal carcinoma 30314699
migration of cells

miR-217 ZEB1 Oncogenesis: osteosarcoma osteosarcoma 30367466
development

HOTAIR involved in indirect interaction

miR-7 SETDB1 Oncogenesis: invasive Breast cancer stem cells 25070049
phenotype of Cancer cells,

miR34a H3K27me3 Oncogenesis: EMT and Gastric cancer 26136075
metastasis

miR-125a-5p CASP2 Oncogenesis: inhibition of Colon cancer 26962687
apoptosis, cancer cell survival

HOTAIR involved in ceRNA regulatory network

miR-326 FGF1 malignant behaviors of cells Glioma 26183397

miR-331—3p HER2 Oncogenesis Gastric cancer 24775712

miR-141 SKA2 Oncogenesis: proliferation, Glioma 27121316

migration and invasion

A meta-analysis indicated the significant association of
HOTAIR up-regulation with worse 0S in GC,” and IncRNA
HOTAIR could play an oncogenic role and led to malignant
transformation of normal cells. HOTAIR expression has a
key role in lymph node metastasis, venous invasion, and
poor prognosis (poor overall survival) in the diffuse type of
GC, and overexpression was capable of not only increasing
anchorage-independent cell growth in cell line but also
promoting metastases to the liver in vivo."® HOTAIR
expression was found to be linked to lymph node metas-
tasis, TNM stage, and poor overall survival in GC patients.
Suppression of HOTAIR was capable of not only decreasing
invasive phenotypes of GC cells but also reducing MMP1 and
MMP3 expression levels in vitro. Findings demonstrated a
reversed EMT process by HOTAIR.2® These findings help
develop potentially effective therapeutic and diagnostic
approaches for GC patients.

A study demonstrated that patients with up-regulated
levels of HOTAIR showed a poor survival rate as compared
to patients with lower levels of HOTAIR, suggesting the
predictive value of HOTAIR for prognosis. In addition,
HOTAIR expression was capable of promoting tumor
growth and metastasis in vivo.'" HOTAIR IncRNA up-
regulation in patients with GC was found to be associ-
ated with tumor size, differentiation, lymph-vascular in-
vasion, deeper invasion depth, lymph node metastasis,
distant metastasis, and TNM stage, as well as overall

survival and progression-free survival, indicating that it
can be applied to potentially develop a prognostic
biomarker.'%>%* HOTAIR was revealed to be linked to
tumor size and lymphatic metastasis in GC, whereas it
showed a potential role in the progression of GC.'%

Overexpression of HOTAIR was linked to peritoneal
metastasis and poor prognosis in patients suffering from
GC, suggesting that this marker might serve as a prognostic
factor for peritoneal dissemination as well as a diagnostic
marker for GC patients.'” Up-regulation of HOTAIR in
advanced gastric adenocarcinoma cases has been suggested
as an independent poor prognostic indicator, and its
expression was associated with poor survival in patients
with poorly differentiated and advanced stage (TNM stages
IIA and 11IB),.>¢

It should be noted that evidence was highlighted based
on HOTAIR as the predictor of overall survival, and its as-
sociation with TNM stage and lymph node metastasis was
reported.®* A considerable association was found between
HOTAIR up-regulation and disease-free survival, where
CDH1 or epithelial cadherin loss as a suppressor was nega-
tively linked to HOTAIR in GC 87. A significant correlation of
HOTAIR with lymphovascular invasion, lymph node metas-
tasis, advanced TNM stage, and poor overall survival has
been indicated in GC.*

Ample evidence indicates that HOTAIR may potentially
be a diagnostic and prognostic marker for high-risk GC
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indicated in (B).

patients, whereas its key role in GC development and
progression has been revealed in both in vitro and in vivo
studies. Thereby, this IncRNA may be added to the pool of
candidate targets to aid and provide more effective regi-
mens for targeted therapy in GC.

Therapeutic approach
Knockdown of HOTAIR has been found to be associated with

apoptosis, inhibition of growth of GC xenograft, and peri-
toneal metastasis, as well as disruption of GC cells [85,

08

FP

105]. Okugawa et al. (2014) [105] provided evidence that
siRNA HOTAIR could suppress cell proliferation and migra-
tion/invasion in GC cells, but it was capable of increasing
the anoikis rate in transfected cells; on the other hand,
suppression of both xenograft tumor growth and peritoneal
metastasis was observed when HOTAIR siRNA-transfected
cells were injected into nude mice. An increasing body of
evidence highlights that HOTAIR may potentially be a useful
diagnostic and prognostic marker for peritoneal metastasis,
whereas its biological and pathological association with GC
has been demonstrated.
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Kaplan—Meier Plotter was applied to generate overall survival (0S), first progression (FP), post progression survival
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Another study has also shown the high level of HOTAIR in
lymphovascular invasion and lymph node metastasis in GC,
while its Knockdown by siRNA caused suppression of
viability, motility, and proliferation in GC cells and led to
reduction of cell invasiveness and migration, as well as in-
duction of apoptosis; thus, ample evidence support the
potential role of HOTAIR in suppressing apoptosis and
increasing invasive phenotypes of GC.%°

A study applied shRNA and MKN 74 and KATO Il cell
lines for HOTAIR modulation, in which HOTAIR loss in KATO
Il cell lines by shRNA led to reduction of peritoneal
dissemination. %

HOTAIR exhibited the highest differential expression
pattern in GC compared to other IncRNAs including UCAT1,
LINC00589, DKFZP434K028, LINC00698, FAM225A, HOXA11-
AS, and FIRRE. Suppression of HOTAIR expression by siRNA
led to repression of proliferation and invasion; its sup-
pression was also capable of not only enhancing chemo-
sensitivity but also inducing apoptosis in GC cells. ™"
Another study indicated that siRNA HOTTIP suppressed cell
proliferation, invasion/migration, and promoted cell
apoptosis.'® As indicated in the above parts, the sh-
HOTAIR group showed a lower frequency of lung metas-
tases in vitro and displayed the EMT inhibition of GC cells
by regulating Met and Snail, whereas increased levels of
HOTAIR were partially linked to the suppression of mi34a
overexpression in GC.%’

HOTAIR expression has been illustrated to influence the
survival of patients with advanced gastric adenocarcinoma,
whereas drug resistance was observed in patients receiving
fluorouracil and platinum chemotherapy. Nevertheless,
HOTAIR overexpression is linked to a poor prognosis of GC.>®

HOTAIR siRNA1 was associated with the loss of HOTAIR
expression, leading to the reduction of viability of GC cells,
and improvement of the chemosensitivity to5-fluorouracil
(5-FU) and Cisplatin in GC cells BGC-823 and MKN-45."%"

Therapeutic interventions

To date, no clinical trials have been performed on recom-
binant protein and regulatory agents of HOTAIR as an anti-
cancer drug. However, high expression of HOTAIR has been

used as a predictor of poor overall survival in patients with
GC [86, 100]. Findings have also shown that inhibition of
HOTAIR can reduce the invasion of GC cells by regulating
effective transcription factors such as E-cadherin, vimentin,
and N-cadherin.®® Other studies have shown that HOTAIR
increases cisplatin resistance in GC cells by binding and
inhibiting miR-126. In addition, by affecting kinases, HOTAIR
enhances the expression of vascular endothelial growth
factor A (VEGFA) and PI3—K."% Other findings suggest that
targeting HOTAIR in gastric cancer cells may be effective in
increasing therapeutic efficacy and improving survival in
patients with GC.*° In general, the evidence gathered sug-
gests that HOTAIR plays an important role in gastric cancer,
as well as resistance to treatment. Providing intervention
and therapeutic solutions to evaluate the effectiveness of
this biomolecule as a drug is highly required.

Conclusion

Functional polymorphisms of HOTAIR have been described
to contribute to the susceptibility of many kinds of malig-
nancies, thus, genetic variations can be considered for risk
assessment, early detection, and targeted therapy in GC.
HOTAIR is implicated in biological functions and biochem-
ical and cellular processes via interactions with many fac-
tors, leading to genomic stability, proliferation, survival,
invasion, migration, metastasis, and drug resistance.
Furthermore, up-regulation of HOTAIR contributes to ma-
lignant phenotypes of GC, e.g., metastases, tumor pro-
gression, and EMT process cancer (Fig. 3). However, further
studies are required to clarify the underlying role of HOTAIR
in GC, and to describe the complicated mechanism of ac-
tion of HOTAIR in different cancers.

Transcriptional regulation of HOTAIR is associated with
many mechanisms and various factors, including multiple
estrogen response elements (ERE 1, 2, 3 and 4), Proto-
oncogenic MYC family, nuclear factor kappa B (NF-«B), HREs,
activator protein 1 (AP1), CpG-islands, HREs, specificity
protein 1 (Sp1), proteins of the SRC family, as well as miR-
NAs. Other factors including post-synthetic methylation,
MiR-141, Argonaute2 (Ago2), IRF1, siRNA, and some func-
tional SNPs are involved in the down-regulation of HOTAIR.
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