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~

Abstract

Long noncoding RNAs (IncRNAs) have emerged as a new family of
master regulators of cancer. The HOXA transcript antisense RNA my-
eloid-specific 1 (HOTAIRM1) located in the HOXA gene cluster was first
discovered in acute promyelocytic leukemia. Increasing evidence have
showed that HOTAIRM1 is involved in diverse cancer. It regulates tu-
mor proliferation, invasion, and migration via various mechanisms and
is related to the clinicopathological characteristics of tumor patients.
This article reviews its expression, function, and molecular mechanism
in various malignant tumors and future challenges for the diagnosis
and treatment of cancers through HOTAIRM1.
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Long noncoding RNAs (IncRNAs) are defined as transcripts
longer than 200 nucleotides with little or no predicted protein-

Cancer is a complicated pathological event that can be de-
veloped by a number of driving forces and effects including
infectious diseases, environmental factors, gene dysregulation
and epigenetic alterations [1,2]. Advances in genetic research
have revealed the pathogenesis of many cancers, which has led
to the development of effective treatments [3,6]. For example,
leukemia caused by breakpoint cluster region-Abelson muta-
tions can be effectively cured using imatinib. Protein-coding
genes account for <2% of the total genome. The remaining ge-
nome consists of noncoding genes that are responsible for the
vast majority of tumorigenesis [7,9].

coding potential [10,11]. Recent observations have illustrated
that a large number of deregulated IncRNAs are involved in hu-
man cancers and their function as oncogenes and tumor sup-
pressors in cancer onset and progression [12,15]. HOXA tran-
script antisense RNA myeloid-specific 1 (HOTAIRM1) is a novel
identified IncRNA that maps within the HOXA gene cluster at
human chromosome 7p15.2 (Figure 1) [16]. HOTAIRM1, first
discovered as an important factor for granulocytic differentia-
tion in NB4 promyelocytic leukemia [17]. Since this discovery,
HOTAIRM1 has attracted intense investigation in the field of
cancer. A search for HOTAIRM1 and cancer as keywords in the
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been reported that IncRNAs are aberrantly expressed in vari- —
ous diseases, especially in malignant tumors [18,20]. In general, g::)';)fg:i:on’ ILF3, pri-
IncRNAs dysregulation contribute to tumors development by TC UP | igration, miR-144, Oncogene | 38-39
promotion, proliferation, invasion and metastasis of tumor cells invasion miR-148a
[21,23]. LncRNA HOTAIRM1 has demonstrated involvement in proliferation,
biological and tumor characteristics and is upregulated in vari- apoptosis,
ous cancers including glioma [24,32], acute myeloid leukemia NSCLC | Up Ir:\'lir::r‘:” miR-498 Oncogene | 41-42
[33,35], osteosarcoma [36], endometrial cancer [37], thyroid glycolysi’s me-
cancer [38,39], non-small cell lung cancer [41,42], ORAL squa- tabolism
mous cell carcinoma [43], prostate cancer [44], pancreatic - PCNA, CyclinD1
ductal adenocarcinoma [45,46], ovarian cancer [47] (Table 1). 0SCC | Up :;ﬁ"cf;crf:o”' p53, p21, CDK4, Oncogene = 43
On the other hand, expression of this IncRNA has been down- CDK6
regulated in papillary thyroid cancer [40], ova.rlan cancer [48], PCa Up prollfera.t'lon, B-catenin Oncogene 44
head and neck tumor [49], hepatocellular carcinoma [50], lung apoptosis
adenocarcinoma [51], gastric cancer [52-53], colorectal cancer poliferation, CDK1, Cyclin D1,
[54,55] (Table 2). PDAC Up apoptos!s, ce.II p21, Bax, Bad, Oncogene | 45-46
cycle, migration | Bcl-2
.HOTAIRM1 expression in glioma: Glioma is the most lethal oc Up Prohfergnon, VIMP2 Oncogene 47
primary central nervous system tumor. In recent years, several Apoptosis

studies have demonstrated that HOTAIRM1 expression was sig-
nificantly increased in GBM tissues and GBM cell lines in com-
parison with normal counterparts [24-29]. A recent study de-
scribed that HOTAIRM1 was abnormally up-regulated in GBM
tissues and cells, and this up-regulation was correlated with
grade malignancy in glioma patients. The high expression of
HOTAIRM1 was modulated by METTL3-dependent m6A modi-
fication [30]. Xie et al. found that HOTAIRM was transcription-
ally activated by SNAI2, and high HOTAIRM1 expression was
evidently associated with poorer prognosis in glioma [31]. Addi-
tionally, Ahmadov et al. showed HOTAIRM1 as a IncRNA whose
up-regulation was significantly associated with shorter survival
of glioblastoma patients [32].

HOTAIRM1 expression in acute myeloid leukemia: Acute
myeloid leukemia (AML) is a heterogeneous disease character-
ized by genetic abnormalities and epigenetic changes. Jing et
al. reported that HOTAIRM1 expression was upregulated in 14
NPM1-mutated AML samples compared with corresponding
NPM1-unmutated AML samples. Moreover, Kaplan-Meier sur-
vival analysis of AML patients revealed a significantly shorter
overall survival time in the cohort with high HOTAIRM1 expres-

sion [33]. Another study revealed that HOTAIRM1 was up-reg-
ulated in APL cells upon exposure to ATRA and played a critical
role in myeloid differentiation. Importantly, PU.1 could trans-
active HOTAIRM1 through the +1100 region in the HOTAIRM1
promoter [34]. Furthermore, Hu et al. showed that HOTAIRM1
expression was higher in AML patients than healthy controls.
Functional analysis revealed that depletion of HOTAIRM1 sup-
pressed proliferation and induced apoptosis in AML cells, sug-
gesting that HOTAIRM1 played an oncogenic role in AML [35].

HOTAIRM1 expression in osteosarcoma: Osteosarcoma
(0S), which is a common and aggressive primary bone malig-
nancy, occurs mainly in children and adolescent. In OS samples
and cell lines, the expression of HOTAIRM1 was strikingly higher
than that in nontumor counterparts. Analysis of the correla-
tion between HOTAIRM1 expression and the clinicopathological
characteristics of OS patients showed that patients with higher
HOTAIRM1 expression were more likely to have an advanced
TNM stage. Biologically, upregulated HOTAIRM1 induced cell
proliferation and migration and suppressed cellular apoptosis.
These results indicated that HOTAIRM1, an oncogene in OS,
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HNT Down apoptosis, miR-148a | " 49
migration, cancer
invasion

HCC Down proIlferahFJn, B-catenin Anti- 50
apoptosis cancer
ce!l cycl.e, ' Anti-

ADC Down proliferation, miR-498 51
- . cancer
invasion

proliferation, miR-29b- Anti-
GC Down migration, 1-5p, miR- 52-53
) cancer
apoptosis 17-5p
invasion,

CRC Down migration, miR-17-5p | AN 5455
multi-drug cancer
resistance

may be a viable option for a potential breakthrough in the diag-
nosis and treatment of this severe illness [36].

HOTAIRM1 expression in endometrial cancer: Endometrial
cancer (EC) is one of the three most common malignancies of
the female reproductive system. Li et al. discovered extreme up-
regulation of HOTAIRM1 in type | EC tissues than that in normal
endometrium tissues. HOTAIRM1 expression was also linked to
the clinicopathological characteristics of type | EC patients, and
analysis revealed that upregulated HOTAIRM1 was closely cor-
related with advanced FIGO stage and lymph node metastasis.
Concerning biological function, knockdown of HOTAIRM1 could
inhibit tumor cell proliferation, migration, invasion and epithe-
lial-mesenchymal transition (EMT) of type | EC cells. In addition,
silencing HOTAIRM1 suppressed the growth of tumors in vivo
[37].

HOTAIRM1 expression in thyroid cancer: Thyroid cancer
(TC) is categorised into three broad histological categories: (1)
differentiated thyroid cancer, which includes papillary, follicular,
and oncocytic thyroid carcinoma; (2) medullary thyroid cancer,
which is sometimes associated with the multiple endocrine
neoplasia type 2 syndromes; and (3) anaplastic thyroid cancer,
which often arises from differentiated thyroid cancer and has a
high mortality. Zhang et al. found that HOTAIRM1, whose en-
coding gene was amplified and expression was upregulated in
ATC compared with papillary thyroid cancer and normal thyroid.
Increased genomic copy number and expression of HOTAIRM1
were both correlated with poor survival of ATC patients [38].
Li et al. pronounced that upregulated expression of HOTAIRM1
was evident in TC cells and tissues, and was associated with
TNM stage and lymph node metastasis [39]. Another study re-
ported that HOTAIRM1 was significantly downregulated in PTC
tissues and low HOTAIRM1 expression levels were associated
with lymph node metastasis and advanced TNM stage [40].

HOTAIRM1 expression in non-small cell lung cancer: Lung
cancer is the leading cause of cancer deaths worldwide, and
non-small cell lung cancer (NSCLC) accounts for nearly 85%.
Chen et al. found that HOTAIRM1 expression was obviously
upregulated in NSCLC tissues as compared to control groups

[41]. Another study showed that a significant association be-
tween the expression of HOTAIRM1 and histopathological dif-
ferentiation, tumor size, tumor/node/metastasis (TNM) stage,
and Ki-67 of NSCLC patients. In addition, the relative expression
of HOTAIRM1 in NSCLC tissues was significantly higher when
compared with the individual patients’ matched paracancerous
tissues. Patients in the group with low expression levels of HO-
TAIRM1 had a longer overall survival than those in the group
with high expression levels for NSCLC [42].

HOTAIRM1 expression in ORAL squamous cell carcinoma:
ORAL squamous cell carcinoma (OSCC) is a malignant tumor
with the highest incidence among tumors involving the oral cav-
ity maxillofacial region, and is notorious for its high recurrence
and metastasis potential. Yu et al. reported that HOTAIRM1 as
a novel significantly upregulated IncRNA in OSCC, which was
strongly associated with unfavorable prognosis of OSCC. Sys-
tematic bioinformatics analyses demonstrated that HOTAIRM1
was closely related to tumor stage, overall survival, genome
instability, the tumor cell stemness, the tumor microenviron-
ment, and immunocyte infiltration [43].

HOTAIRM1 expression in prostate cancer: Prostate cancer
(PCa) is a leading cause of cancer-associated mortality among
men, specifically in Western countries; the lowest rates of this
cancer are seen in Africa and Asia. Wang et al. corroborated
that HOTAIRM1 was significantly overexpressed in prostate can-
cer cells. In vitro, silencing HOTAIRM1 attenuated tumor cell
proliferation but gave rise to apoptosis by regulating the expres-
sion of proteins related to the cell apoptosis. Knocking down
HOTAIRM1 could restrain the Wnt pathway in prostate cancer
cells, consequently suppressing the malignant biological behav-
iors of tumor cells [44].

HOTAIRM1 expression in pancreatic ductal adenocarci-
noma: Pancreatic ductal adenocarcinoma (PDAC) is the major
form of pancreatic cancer, which derives from the epithelial
cells of pancreatic duct. HOTAIRM1 expression was anomalous-
ly upregulated in 47 PDAC tissues and 5 cell lines compared with
the samples in the control group [45]. Similarly, Zhou et al. re-
ported that the expression level of HOTAIRM1 was upregulated
in 12 PDAC tissues samples compared with matched adjacent
non-tumor samples [46].

HOTAIRM1 expression in ovarian cancer: Ovarian cancer
(OC) ranks as the eighth most prevalent form of cancer in wom-
en across the globe and stands as the third most frequent gy-
necological cancer, following cervical and endometrial cancers.
Ye et al. found that HOTAIRM1 was overexpressed in SKOV3
cells. Silencing of HOTAIRM1 alleviated cell proliferation, and in-
creased cell apoptosis [47]. Notably, Chao et al. identified that
HOTAIRM1 expression was lowered in OC tumor tissues and
cells. In that study, decreased HOTAIRM1 expression was associ-
ated with advanced FIGO stages and lymphatic metastasis. Up-
regulation of HOTAIRM1 suppressed OC cell proliferation and
invasion, and promoted apoptosis. Also, HOTAIRM1 slowed OC
tumor growth in vivo [48].

HOTAIRM1 expression in head and neck tumor: Head and
neck tumor (HNT) is one of the most common diagnosed malig-
nancies worldwide, with over 600,000 new cases have reported
each year. Zheng et al. discovered that the expression level of
HOTAIRM1 in 43 Head carcinoma tissues and 41 Neck carcino-
ma tissues was downregulated compared to the corresponding
adjacent normal tissues. In addition, there was no significant
association between HOTAIRM1 level and age, gender, or tu-
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mor location, while patients with high expression of HOTAIRM1
were more potential to get an advanced TNM stage [49].

HOTAIRM1 expression in hepatocellular carcinoma: Hepa-
tocellular carcinoma (HCC) is ranked as the sixth most common
neoplasm and the third leading cause of cancer death, and is an
important medical problem. Zhang et al. discovered that lower
IncRNA HOTAIRM1 expressions were observed in the HCC tis-
sues than those of the paracancerous tissues. Moreover, ROC
curve indicated a high sensitivity and specificity of HOTAIRM1
for HCC. Progression-free survival in HCC patients was corre-
lated with tumor size and HOTAIRM1 expression, whereas not
correlated with age, sex, GGT, AFP, Child-Pugh grade, HBsAg, cir-
rhosis, number of tumors, micro-vessel metastasis, tumor dif-
ferentiation, and TNM stage of HCC [50].

HOTAIRM1 expression in lung adenocarcinoma: Lung ad-
enocarcinoma (ADC) is a major form of lung cancer, which is a
main cause of global cancer-related death in male and female
patients. Chen et al. showed that HOTAIRM1 expression was re-
markably reduced in ADC tissues compared with those in nor-
mal lung tissues. An overt association was observed between
the knockdown of HOTAIRM1 expression and clinical stage, and
lymph node metastasis and tumor size. Additionally, the knock-
down of HOTAIRM1 was linked to worse overall survival of ADC
patients, as indicated by Kaplan-Meier analysis [51].

HOTAIRM1 expression in gastric cancer: Gastric cancer (GC)
is one of the most common cancers in the world. In China, it is
the second most common cancer and the third leading cause of
cancer-related deaths. Xu et al. found that HOTAIRM1 expres-
sion was significantly down-regulated in GC tissues, and the low
expression of HOTAIRM1 was associated with the shorter sur-
vival rate of GC patients [52]. These results are similar to the ob-
servation reported by Lu et al., which indicated that HOTAIRM1
expression was obviously lower in 20 GC tissues and cell lines.
More notably, HOTAIRM1 expression was also linked to the
clinicopathological characteristics of GC patients, and analysis
revealed that downregulated HOTAIRM1 was closely correlated
with advanced TNM stage and lymph node metastasis [53].

HOTAIRM1 expression in colorectal cancer: Colorectal
cancer (CRC) is one of the most common cancers worldwide,
especially in Western countries. Wan et al. discovered that
HOTAIRM1 expression was downregulated in CRC tissues com-
pared with paired normal tissues, and in the matched group,
there were lower plasma HOTAIRM1 levels in CRC patients [54].
A similar situation was found in Ren et al., which showed that
HOTAIRM1 is downregulated in CRC tissues and cell line, and
even lower in 5-FU resistant CRC tissues and cell lines [55].

Mechanism of HOTAIRM1 regulations: LncRNAs interact
with DNA, RNA or proteins as molecular sponges, scaffolds
and activators to play important regulatory roles in a variety of
biological processes ranging from gene regulation, cellular dif-
ferentiation to human diseases, especially in cancers [56-60].
HOTAIRM1 has been shown to participate in both physiological
and pathological processes. Decades of study have identified
some molecular functions, which can be classified into three
main pathways.

Interaction with DNA: HOTAIRM1 is involved in the meth-
ylation modification of a series of tumor-related genes and in
histone modification (Figure 2). HOTAIRM1 could regulate gene
expression by interacting with Polycomb Repressive Complex 2
(PRC2), which is composed of EZH2, SUZ12, and EED. It can cata-

lyze the dimethylation and trimethylation of the lysine residue
27 of histone 3 (H3K27me3), thereby regulating its gene expres-
sion level. Li et al. found that HOTAIRM1 activated transcription
of the HOXA1 gene through the decrease of histone H3K9me2,
H3K27me3 and DNA methylation, which are epigenetic mark-
ers associated with gene silencing. While HOTAIRM1 interacting
with G9a, EZH2 and DNA methyltransferases Dnmts, occlude
them from the promoter of HOXA1 gene, hence reducing their
enrichment [61]. Kim et al. revealed that HOTAIRM1 directly in-
teracted with EZH2, the H3K27me3 specific methyltransferases,
hindered the deposition of H3K27me3 marks at the putative
HOXA1 promoter, resulting in the higher expression of HOXA1 in
ER+ breast cancer cells [62]. Furthermore, HOTAIRM1 bond to
PRC2 and histone demethylase UTX/MLL to regulate chromatin
conformation and then affected HOXA gene cluster transcrip-
tional activity [63].

a ™~

\

7 el N

kme
wl e
me.
=== ———  Tumer
o S HOTAIRMI .
H3K27me3 ) Progression

UTX) j‘,

PR,

HOTAIRMI
=

o ) S

g

Cytoplasm

Figure 2: HOTAIRM1 interact with DNA to play regulatory roles in
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Interaction with RNA: In addition to DNA, HOTAIRM1 can
interact with RNA to execute diverse molecular functions. In
recent years, the importance of competitive endogenous RNA
(ceRNA) networks in the formation and development of can-
cer has emerged [64,65]. MicroRNAs are important regulators
in the ceRNA network, which negatively regulates mRNA ex-
pression. The most common mechanism of which is the inter-
action between miRNAs and the mRNA 3’-UTRs of the target
genes, which leads to mRNA demethylation and destabilization
[66,67]. HOTAIRM1 competitively binds miRNA through the
ceRNA mechanism, increases the expression of downstream
mMRNA, and regulates tumor progression (Figure 3). Investiga-
tions had reported that HOTAIRM1, which worked as a ceRNA
for miR-152-3p to modulate ULK3, regulated leukemic cell func-
tion, such as cell autophagy, proliferation and apoptosis [33]. Yu
et al. found that HOTAIRM1 competitively bond miR-664b-3p
and upregulated the expression of Rheb to promote the mTOR
pathway-mediated Warburg effect in OS [36]. HOTAIRM1 could
competitively bind miR-152-3p and inhibited its expression, in-
creased that of ETS1 mRNA, and promoted osteogenic differ-
entiation of human bone marrow-derived mesenchymal stem
cells [68]. Similarly, HOTAIRM1 acted as a sponge for miR-29b-
1-5p and PHLPP1 was regulated by the HOTAIRM1/miR-29b-1-
5p axis in GC cells [52]. Furthermore, Wang et al. reported that
HOTAIRM1/miR-519a-3p axis played key roles in proliferation,
apoptosis, inflammation, and oxidative stress of neuroblastoma
cells treated with MPP+ [69]. HOTAIRM1 has been reported to
directly regulate mRNA metabolism. HOTAIRM1 bond to IGFBP2
MRNA, up-regulated the expression of IGFBP2, promoted cell
proliferation, migration, invasion, and VM formation in glioma
[24].
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Interaction with protein: Recent studies have shown that
many IncRNAs directly bind proteins to participate in molecu-
lar regulation, and many proteins have been shown to interact
with HOTAIRM1 (Figure 4). For instance, HOTAIRM1 interacted
with HSPAS5, regulated HSPAS expression in a transcription-de-
pendent manner and its effect on proliferation was HSPAS
partially dependent [71]. Han et al. confirmed that HOTAIRM1
physically bond to PTBP1 and IGF2BP2, strengthened the inter-
action between PTBP1 and IGF2BP2, and recruited them to bind
to SHMT2 mRNA, in turn led to an increase in the protein level
of SHMT2 by enhancing the stability of its mRNA, resulting in
the induction of mitochondrial activity and the malignant pro-
gression of glioma [72]. Liu et al. demonstrated that HOTAIRM1
could bind to FUS, an RNA-binding protein (RBP), and thus regu-
lated E2F7, which promoted the proliferation, migration, and in-
vasion of tMSCs transformed by glioma stem cells in the glioma
microenvironment [25]. In addition, Chen et al. showed that
HOTAIRM1 regulated PD-L1 expression in lung alveolar epithe-
lial cells by binding to a key transcription, HOXA1 [73]. Jing et al.
showed that the association of HOTAIRM1 with both EGR1 and
MDM2, HOTAIRM1 acts as a scaffold to recruit MDM?2 to EGR1
to promote leukemia cell autophagy and proliferation [33].

4 N

Tumor
Progression

Cytoplasm

Figure 4: HOTAIRM1 interact with protein to play regulatory roles
in tumor progression. )
\_ /

HOTAIRML1 regulates various hallmarks of cancer: Cancer
is a complex disease involving multiple gene mutations, includ-
ing epigenetic changes, chromosomal translocations, dele-
tions, and increases. The genome encodes IncRNAs, but most
are not translated into proteins. Although there is no transla-
tion, IncRNAs have crucial physiological functions in various cell
[73,74]. Recent studies revealed that HOTAIRM1 is associated
with hallmarks of cancer, including proliferation, cell death, in-
vasion and metastasis, metabolic reprogramming, and angio-
genesis, by regulating various pathways (Figure 5).
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Figure 5: HOTAIRM1 and the hallmarks of cancer. y,

Proliferation: Abnormal, uncontrolled cell growth due to
the dysregulation of cell proliferation is the most fundamental
cause of tumorigenesis [75]. Aberrant HOTAIRM1 expression
has been observed in various tumors and is closely linked with
tumor cell proliferation. For example, Wu et al. reported that
HOTAIRM1 presented up-regulation in glioma tissues and cells
and overexpression of HOTAIRM1 facilitated glioma cell prolifer-
ation [30]. Zhou et al. delineated a pivotal functional interaction
among HOXA4, HOTAIRM1, and HSPAS as a novel regulatory cir-
cuit for modulating HUVEC proliferation [70]. HOTAIRM1 could
promote the growth and proliferation of OS cells by sponging
miR-664b-3p, thereby activating the mTOR pathway [36]. On
the other hand, HOTAIRM1 also could reduce the proliferative
ability of granulosa cells [76]. Additionally, Jing et al. indicated
an important role of HOTAIRM1 in promoting proliferation in
NPM1-mutated AML cells [33].

Death: Apoptosis is a programmed cell death controlled by a
signaling cascade to maintain a stable internal environment. The
elimination of cancer cells by apoptosis has been a key cue in
clinical cancer treatment. Dahariya et al. found that HOTAIRM1
acted a decoy for miR-125b to control cell apoptosis to support
terminal maturation of megakaryocytes [77]. HOTAIRM1 also
could induce Jurkat cell apoptosis through KIT/AKT signaling
pathway [78]. Liu et al. revealed that the loss of HOTAIRM1 func-
tion led to aberrant increases in the apoptosis of chondrocytes
[79]. Furthermore, Ye et al. showed that HOTAIRM1 knockdown
significantly increased expression of pro-apoptotic agents, such
as Bad and Bax, while it decreased expressions of Bid and Bcl-2
(anti-apoptotic agents) in ovarian cancer cells [47].

Autophagy is an intracellular self-destructive form of cell
death that transfers cytoplasmic proteins or organelles to the
lysosome to fulfill the metabolic and self-renewal needs of or-
ganelles and the cell itself. Previous studies have reported that
HOTAIRM1 could activate autophagy by promoting the ULK3 ex-
pression, leading to the increase in autophagy-related proteins
microtubule-associated protein LC3 Il as well as the decrease in
the autophagy substrate p62 [33].

Invasion and metastasis: Metastasis is a complex process
that includes EMT, invasion, intravasation, cell survival in circu-
lation, extravasation, and metastatic colonization. EMT is the
first, initiative event in cancer metastasis in which epithelial
cells gained mesenchymal characteristics such as decreased
intercellular adhesion and increased motility, while losing epi-
thelial characteristics. HOTAIRM1 could promote type | EC cells’
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EMT and metastasis potential by upregulating HOXA1 expres-
sion, leading to the decrease in the expression of epithelial
marker E-cadherin, and an increase in mesenchymal markers
such as N-cadherin [37]. Ren et al. investigated the effects of
HOTAIRM1 dysregulation in 5-FU resistant CRC cells and found
that its overexpression could reduce cell invasion and migration
by EMT assays [55].

Differentiation: Cell differentiation is the formation of differ-
ent tissues, the pre - and post-differentiation cells do not belong
to the same type. Carcinogenesis is an abnormal differentiation
of cells. Tollis et al. used a model system that recapitulates spi-
nal MN (spMN) differentiation to show nHOTAIRM1 intervened
in the binary cell fate decision between MNs and interneurons,
acting as a pro-MN factor [80]. A recent study indicated that
HOTAIRM1 participated in proper progression through the ear-
ly stages of neuronal differentiation, HOTAIRM1 affected the
NANOG/POU5F1/SOX2 core pluripotency network maintaining
an undifferentiated cell state [81]. Wang et al. identified that
HOTAIRM1 as a novel regulator of osteogenic differentiation of
BMSCs by the regulation of miR-152-3p/ETS1 axis, uncovering
HOTAIRM1 as a promising therapeutic strategy for osteoporosis
[68]. Furthermore, Dahariya et al. revealed that the regulatory
role of HOTAIRM1 in p53-mediated regulation of cyclin D1 dur-
ing megakaryocytopoiesis is to promote MK maturation by de-
coying miR-125b [77].

Metabolism: Metabolic alteration is a characteristic of tu-
mor cells crucial for supporting their rapid cell growth. Unlike
normal cells, which mainly depend on glycolysis followed by
oxidative phosphorylation, tumor cells prefer inefficient aero-
bic glycolysis with a significantly higher turnover rate compared
to normal cells even under adequate oxygen availability. This
phenomenon is known as the Warburg effect. HOTAIRM1 dra-
matically enhanced the Warburg effect in Osteosarcoma cells
via the miR-664b-3p/Rheb/mTOR axis [36]. A recent study
showed that HOTAIRM1 knockdown affected the Warburg ef-
fect in NSCLC. In this study, Glucose uptake and lactate produc-
tion assays showed that HOTAIRM1 knockdown repressed the
glucose uptake and lactate production. Western blot results ex-
plained that the protein level of HK2 was dramatically repressed
by HOTAIRM1 depletion [41]. Han et al. found that HOTAIRM1
led to an increase in the protein level of SHMT2 by enhancing
the stability of its mRNA, resulting in the induction of oxidative
phosphorylation and serine metabolism in mitochondrial activ-
ity [71].

Chemoresistance: Drug resistance is a major obstacle to
the effective treatment of cancer patients. Recent studies have
shown that HOTAIRM1 has been implicated in lenvatinib resis-
tance of Hepatocellular carcinoma cancer cells, and HOTAIRM1
expression induced lenvatinib resistance via downregulating
miR-34a expression and upregulating the expression of Beclin-1
[82]. Liang et al. determined that HOTAIRM1 bound to the tran-
scriptional inhibitory region of ARHGAP18 and repressed the
expression of ARHGAP18, which led to the increase of RHOA/
ROCK1 signaling pathway and promoted GC resistance of leuke-
mia cells [83]. In addition, Chen et al. showed that knockdown
of HOTAIRM1 enhanced Ara-C cytotoxicity through regulating
the Wnt/B-catenin/PFKP signaling pathway [84]. HOTAIRM1
might act as a tumor-suppressor in 5-FU resistant CRC cells in vi-
tro and in vivo through downregulating miR-17-5p/BTG3 path-
way and inhibiting multi-drug resistance [55].

Conclusions

Cancer poses a severe threat to human health globally. Al-
though the overall mortality rate of cancer has declined in re-
cent years, its early diagnosis and treatment still face major
challenges. Many patients with malignant tumors are diag-
nosed at a late stage and have a poor prognosis. Therefore, it is
imperative to search for novel biomarkers and explore the vari-
ous molecular mechanisms for early diagnosis and treatment
of cancer.

Numerous studies have shown that IncRNAs are abnormally
expressed in many diseases and can act as tumor suppressors
or oncogenes. HOTAIRM1 is abnormally expressed in various
tumor tissues and cells, and can be an independent predictor
of poor prognosis in diverse carcinomas. On the hand, HO-
TAIRM1 overexpression promotes tumor cell growth in many
neoplasms, including Glioma, AML, OS, EC, TC, NSCLC, OSCC,
PCa, PDAC and OC. On the other hand, forced expression of
HOTAIRM1 suppresses cancer cell proliferation in PTC, OC, HNT,
HCC, ADC, GC and CRC. Moreover, abnormal expression of HO-
TAIRM1 in tumors is closely related to a variety of clinical and
pathological features such as age, tumor size, vascular invasion,
distant metastasis, overall survival, and neoplasm recurrence.

In the review, as described in Figure 2-4, we summarized the
specific mechanism by which HOTAIRM1 acts as a tumor regula-
tor. Firstly, as described in Figure 2, HOTAIRM1 can induce H3K-
27me3 by interacting with EZH2/PRC2 and can also involve in
chromatin remodeling by directing the recruitment of chroma-
tin modifiers to target gene site. Second, as described in Figure
3, HOTAIRM1 acts as a molecular sponge for miRNAs and plays
its role through the HOTAIRM1-miRNA-mRNA axis. In addition,
as described in Figure 4, HOTAIRM1 can bind to nuclear/cyto-
plasmic functional protein to regulate its expression to play an
important role in tumor progression. Indeed, the other possible
molecular mechanisms of the biological effects of HOTAIRM1
merits further exploration.

HOTAIRM1 has emerged as a potential tumor regulator that
could affect various hallmarks of cancer including cell prolifera-
tion, cell death, invasion and metastasis, cell differentiation, cell
metabolism and chemoresistance (Figure 5). However, in some
cases, for example in drug resistance, the role of HOTAIRM1 is
still unclear, as current studies provide paradoxical results that
require further detailed investigation. Liang et al. revealed that
HOTAIRM1 promoted GC resistance through anti-apoptosis of
leukemia cells. Notably, Ren et al. reported that HOTAIRM1
downregulated miR-17-5p/BTG3 pathway and inhibited multi-
drug resistance. At present, while more detailed studies are still
needed to investigate whether HOTAIRM1 could regulate other
hallmarks of cancer, such as avoiding immune destruction, ge-
nome instability and mutation, non-mutational epigenetic re-
programming, unlocking phenotypic plasticity and polymorphic
microbiomes.
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