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Abstract

Background: HOX transcript antisense intergenic RNA (HOTAIR) is an oncogenic non-coding
RNA whose expression is strongly correlated with the tumor grade and prognosis of a variety of
carcinomas including breast cancer (BC). HOTAIR regulates various target genes via sponging
and epigenetic mechanisms and controls various oncogenic cellular and signaling mechanisms
including metastasis and drug resistance. In BC cells, HOTAIR expression is regulated by a
variety of transcriptional and epigenetic mechanisms. In this review, we describe the regulatory
mechanisms that govern HOTAIR expression during cancer development and explore how
HOTAIR drives BC development, metastasis, and drug resistance.
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Introduction

HOX transcript antisense intergenic RNA (HOTAIR) is a novel class of oncogenic long non-coding
RNA (IncRNA) that belongs to subclass intergenic INcRNA that tightly regulates genes associated with the
embryonic  development of  mammals. The  human HOTAIR  gene is  found
between HOXC11 and HOXC12 genes on chromosome 12q13.13. A polyadenylated RNA, HOTAIR is
transcribed from a non-coding strand of the HOXC gene cluster containing 2158 nucleotides and 6 exons
via RNA polymerase 11, and the nascent RNA transcript is spliced into five variants via alternative splicing.
The transcript does not encode proteins but regulates the expression of distant target genes in a trans-

regulatory manner.

HOTAIR modulates chromatin remodeling and epigenetic changes by acting as a scaffold for protein
complexes that modify histones and by regulating the different states and dynamics of chromatin via
binding with polycomb repressive complex 2 (PRC2), a specific complex that remodels chromatin. It is also
known to coordinate chromatin-modifying enzymes and gene expression. It mediates regulation of gene
silencing by promoting methylation of H3K27 and the demethylation of H3K4 via directing PRC2 and
LSD1 complex to a specific site on the target genes [1]. HOTAIR embodies the second level of post-
transcriptional regulation of HER2 expression by acting as competitive endogenous RNA to limit miR-331-

3p 2]

HOTAIR is also known as an oncogene, with its expression strongly correlated with the grade and
prognosis of a variety of cancers. In particular, it represses the functions of tumor suppressor genes by
facilitating the recruitment of EZH2 for the catalysis of H3K27 triple-methylation and promotes
tumorigenesis by regulating cellular and molecular mechanisms. HOTAIR is also associated with the
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epigenetic regulation [3], cancer susceptibility [4], poor survival [5], tumor recurrence [6], immune escape
[7], and oncogenic signaling pathways [8]. It promotes tumor growth [9], cell cycle progression [10], cancer
metastasis and drug resistance [11], radiation resistance [12], invasion and migration of cells [13], tumor
induced angiogenesis [14], DNA damage response [15], inflammation [16], stemness [17], multidrug
resistance [18], metastasis-promoting phenotypes [19], epithelial-mesenchymal transition (EMT) [20],
while also and inhibiting apoptosis [21] by modulating miRNAs. Moreover, HOTAIR regulates the
angiogenesis as well as permeability of blood-tumor barrier via controlling Wnt/b-catenin axis [22] and
contributes to biogenesis and the secretion of tumor exosomes [23], the modulation of exosomal miRs [24],
and the membrane fusion of exosomes by affecting the colocalization of VAMP3 and SNAP23 via the
mTOR-signaling-dependent phosphorylation of SNAP3 [25]. Therefore, over the past decade, HOTAIR has
been recognized as a critical regulator of mechanisms associated with breast cancer (BC) progression and
understanding the cancer-facilitating mechanisms of HOTAIR could assist in developing novel treatment
strategies for BC.

In the past decade, few reviews have summarized the oncogenic nature of HOTAIR [25-29].

Mechanisms involved in the regulation of HOTAIR and its association with cancer

HOTAIR is a master regulator of metastasis that itself regulated by a number of transcriptional and
epigenetic mechanisms. Indeed, over the past decade, research has identified a diverse range of regulatory
mechanisms that modulate HOTAIR expression via promoter interaction in BC

In particular, the promoter regions of HOTAIR contain an interaction site for AP1 and Spl
transcription factors and binding sites for estrogen response elements (EREs) and hypoxia response
elements (HREs). For example, Bisphenol-A, a toxic chemical that affects the nervous, reproductive, and
immune systems, transcriptionally upregulates HOTAIR via the interaction with an ERE.
Diethylstilbesterol, a synthetic form of estrogen, also induces the transcription of HOTAIR by interacting
with an ERE [30].

umor suppressor proteins are also known to regulate HOTAIR expression. For example, interferon
regulatory factor 1 (IRF1) regulates HOTAIR expression by binding at the 53-64 and 136-148 positions of
the promoter region, which contains an interferon-stimulated response element (ISRE) [31]. Once IRF1
binds to the promoter region of HOTAIR, it recruits co-repressors such as histone deacetylases (HDACs)
and other chromatin-modifying proteins that modify the chromatin structure, leading to a repressive
chromatin environment that prevents the transcription of HOTAIR and thus its expression. This prevents
the downstream effects of HOTAIR on gene regulation, chromatin remodeling, and cancer progression. In
addition, the transcription levels of HOTAIR are altered by methylation of the intergenic CpG island found
between the HOTAIR and HOXC12 genes. The highly ordered structure of HOTAIR confers on it a
scaffolding function. It consists of four interdependent folded domains, two of which are functionally
involved in binding transcription factors through transcription binding sites, one at the 5’end and another
one at the 3” end [32].

MRTF-A and SRF can also affect the expression of HOTAIR. Overexpression of MRTF-A enhances
the expression of HOTAIR by physically interacting with the CArG box in the HOTAIR promoter site
facilitating the SRF-dependent association of RNA Pol 11 [33]. In BC, key components of ER signaling are
forkhead-Box transcription factors (FOXAL and FOXMZ1), which regulate the transcription of HOTAIR via
interacting with the HOXC locus Downregulation of FOX proteins using specific sSiRNAs suppressed the
expression of HOTAIR, suggesting FOX protein mediated regulation of HOTAIR [34].

The transcription factor c-Myc also regulates HOTAIR in BC cells by binding to the gene at a specific

E-box sequence in the promoter regions of the HOTAIR gene [35]. After c-Myc binds to the HOTAIR
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promoter, it recruits histone acetyltransferases to the HOTAIR promoter that modify the chromatin structure
by adding acetyl groups to histone proteins, which leads to the formation of an open chromatin environment
that allows for gene transcription and results in greater HOTAIR expression. This allows for the
downstream effects of HOTAIR on gene regulation, chromatin remodeling, and cancer progression.
Another study by Li et al. [36] demonstrated that HOTAIR acts as a scaffold for c-Myc, thus influencing
the upregulation of cyclin A, elF4E, and LDHA in BC cells. Mechanistically, HOTAIR brings c-Myc and
other proteins close to the promoter regions of cyclin A, elF4E, and LDHA, which leads to the formation of
a transcriptional activation complex that results in the upregulation of these three proteins. Their study also
demonstrated that HBXIP facilitates the recruitment of HOTAIR and histone demethylase to the promoter
regions of target genes by directly interacting with the leucine zipper motifs of c-Myc. SMAD2/3/4
interacts with the promoter region of HOTAIR between —386 and — 398 and between —440 and —452 to
facilitate the transcription of HOTAIR, MJD6 induces the expression of HOTAIR by directly binding to its
promoter in the — 13 to —103 region.

The transcription of HOTAIR is also enhanced by IL-6/STAT3 signaling [37]. Transcriptionally,
HOTAIR is regulated by RhoC-ROCK signaling in BC. The disruption of this pathway using chemical
inhibitors or specific siRNAs downregulates the expression of HOTAIR. In addition, a bioinformatics-
based transcription factor prediction study by Zhang et al. [38] identified p65, a component of NF-kB
signaling pathways on the promoter region of HOTAIR from —475 to —443 bp. Chromatin precipitation
further confirmed the binding of phosphorylated p65 to the HOTAIR promoter. In addition, the silencing of
p65 using siRNA reduces the expression of HOTAIR by negatively regulating TNF-a-induced protein 8-
like 2.

In BC, the transcription of HOTAIR is induced by estradiol (E2) via the interaction with the estrogen
receptor. E2 facilitates the binding of its receptors and coregulators to the promoter regions of the HOTAIR
promoter and enhances the recruitment of RNA polymerase Il by increasing histone acetylation and histone
H3 lysine-4 trimethylation [39]. In addition, E2 promotes HOTAIR expression in hormone receptor-
negative BC via estrogen-receptor-independent mechanisms by negatively regulating miR-148a via G-
protein-coupled estrogen receptor-1 signaling [40]. In Claudin-low BC cells, a novel isoform of HOTAIR is
induced by the extracellular matrix via activation of a2 integrin/SRC kinase signaling, thus promoting
invasive growth [41]. The promoter of this isoform exhibited enhanced histone H3 lysine 4 trimethylation
and BRD4 binding. However, the silencing of BRD4 significantly reduces HOTAIR expression. This study
indicates that BRD4 promotes the transcription of HOTAIR by binding with the histone markers of the
promoter.

HOTAIR is also regulated by upstream mediators. In addition to the direct regulation of target gene
expression, HOTAIR is transcriptionally regulated by heteronuclear ribonucleoproteins (hnRNP A2/B1) via
RNA-RNA interaction. Furthermore, the silencing of A2/B1 decreases the HOTAIR-mediated invasion and
migration of BC cells [42]. Another study by Wang et al. [43] reported that the protein-coding gene EGFR
positively controls the expression of HOTAIR in TNBC cells. This study demonstrated that an aptamer
coupled with siRNA against HOTAIR significantly reduces the growth and metastasis of triple-negative BC
(TNBC) cells by regulating the expression of HOTAIR. Biswas et al. [44] conducted a microarray analysis
of TNBC cells and found that the upregulation of HOTAIR is mediated by Jumonji domain-containing 6
(JMJD6). This study observed a linear correlation between the JIMJD6 and HOTAIR levels in BC tissues.
Furthermore, chromatin precipitation assay found that JMJD6 induces the expression of HOTAIR by
directly binding to its promoter in the — 13 to — 103 region.
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In BC cells, BRCAL is reported to negatively upregulate HOTAIR expression by limiting the
interaction of EZH2 with the HOTAIR promoter, while the inhibition of BRCA1 increases the invasion and
migration of BC cells via HOTAIR [45]. In addition, IncRNA downregulated in hepatocellular carcinoma
(DRHC), which is a key tumor-suppressor IncRNA in TNBC, negatively regulates the expression of
HOTAIR and inhibits the proliferation of TNBC cells. However, forced HOTAIR expression mitigates the
effect of DRHC on proliferation, suggesting that DRHC is an upstream regulator of the HOTAIR-
dependent proliferation of TNBC cells [46].

Recently, a study by Porman et al. [47] found that the m6A modification of HOTAIR, a long
noncoding RNA, is critical for the proliferation and invasion of TNBC cells. The methylated site A783
interacts with the m6A reader YTHDC1, promoting the gene repression and chromatin association of
HOTAIR, while the loss of this modification leads to the opposite changes in gene expression for wild-type
HOTAIR. In addition, in HCC cells, TGF-1 has been shown to upregulate the expression of HOTAIR
[48]. Silencing SMAD4 resulted in a lower HOTAIR expression, indicating that HOTAIR expression is
regulated by TGF-B1 through SMAD4 activation.

CCL18 upregulates the expression of HOTAIR, and the knockdown of HOTAIR alleviates the
CCL18-induced invasiveness of Esophageal squamous cell carcinoma (ESCC) cells. HOTAIR may also act
as a competing endogenous RNA and become a sponge for miR-130a-5p, thus modulating the derepression
of ZEB1 and promoting EMT in ESCC[49]. The transcription of the HOTAIR is controlled by the HNF4a-
induced modulation of chromatin topology. In the mesenchymal-to-epithelial transition, HNF4a directly
represses HOTAIR transcription. Mechanistically, HNF4o causes the release of a chromatin loop on
HOTAIR regulatory elements, thus exhibiting an enhancer-blocking activity[50].

HOTAIR as a driver of breast cancer

As a master regulator of cancer, HOTAIR is associated with various cellular and molecular
mechanisms involved in carcinogenesis and cancer progression [51]. One of its targets is the c-Myc
oncogene, which is frequently overexpressed in cancer. HOTAIR can repress c-Myc expression through
several mechanisms [52]. One of which involves the recruitment of PRC2 to the c-Myc promoter region. It
binds to the EZH2 subunit of PRC2, which then catalyzes the trimethylation of histone H3 at lysine 27
(H3K27me3) on the c-Myc promoter. This modification creates a repressive chromatin state that prevents
transcriptional activation of c-Myc [53]. Another mechanism involves the direct binding of HOTAIR to the
c-Myc protein through a specific RNA motif. This interaction inhibits the ability of c-Myc to bind to DNA
and activate transcription[54]. In addition, HOTAIR can also modulate c-Myc expression through the
regulation of microRNAs. HOTAIR has been shown to suppress the expression of several microRNAs that
target c-Myc, leading to increased c-Myc expression [55].

Wu et al. [56] reported that HOTAIR facilitates BC progression via the promotion of EMT and
metastasis by acting as a sponge between miR-129-5p and FZD7. This study observed that silencing
HOTAIR preventes tumor growth in a xenograft model, while the silencing of miR-129-5p reversed
HOTAIR gene silencing effects and FZD?7 reinstated the inhibitory effect of miR-129-5p, suggesting that
HOTAIR regulates the miR-129-5p/FZD7 axis. HOTAIR also promotes BC metastasis by controlling zinc
finger E-box binding homeobox 1 (ZEB1)-dependent AKT signaling by targeting miR-601 via a sponging
mechanism [57], highlighting its role as a potential target for BC therapy.

Role of HOTAIR in the regulation of breast cancer metastasis

HOTAIR supports BC progression by controlling multiple signaling pathways as competitive
endogenous RNA Its expression in primary BC is a strong indicator of metastasis. Aberrant HOTAIR

expression promotes metastasis, drug resistance, and tumor recurrence in patients with various cancers [58].

5379
Eur. Chem. Bull. 2023,12( issue 1),5376-5389


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10061914/#CR45
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10061914/#CR46
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10061914/#CR47
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10061914/#CR48
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10061914/#CR49
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10061914/#CR50
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10061914/#CR51
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10061914/#CR52
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10061914/#CR53
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10061914/#CR54
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10061914/#CR55
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10061914/#CR56
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10061914/#CR57
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10061914/#CR58

HOX transcript antisense intergenic RNA (HOTAIR) possible Links with Breast Cancer

Section A-Research paper

Recent studies have reported that HOTAIR expression is upregulated in BC cells and tumor tissues, with its
expression levels correlated with cell proliferation and metastasis. Furthermore, the silencing of HOTAIR
induces apoptosis and inhibites cell proliferation. It promotes BC pathogenesis by linking miRNAs and the
post-transcriptional network via physical interaction [59].

HOTAIR has also been shown to facilitate the BC cell proliferation by mediating miR-206 dependent
BCL2L2 signaling [60]. This study found a positive association between HOTAIR and BCL2L2 levels in
clinical BC samples, in particular, HOTAIR enhances BC cell proliferation by increasing BCL2L2
expression via the post-transcriptional regulation of miR-206 through sequestration. HOTAIR also
contributes to tumor growth by negatively regulating miR-20a-5p [61]. A study by Liu et al. [62] reported
that HOTAIR enhances BC cell invasion by facilitating the sulfation of chondroitin sulfate at N-acetyl
galactosamine-4-sulfate moiety via the enhancement of the expression of chondroitin sulfotransferase.

In the early stages of BC, HOTAIR can promote cell growth and migration by modulating multiple
signaling pathways related to EMT such as the FGFR and Wnt/catenin signaling pathways [63]. Induction
of HOTAIR expression can facilitate the invasiveness and metastasis of BC cells by stimulating gene
expression via the targeting of PRC2 and the alteration of the methylation of histone H3 lysine 27 [64].
Previous research has also found that HOTAIR can positively regulate the proliferation, migration and
invasion of hormone receptor-positive BC cells and negatively control the cell cycle and apoptosis. The
silencing of HOTAIR using siRNA markedly reduces the metastasis of BC cells by reducing Akt/JNK
signaling and increase apoptosis by promoting p53 expression [65]. Collina et al. [66] assessed HOTAIR
expression in tumor tissue from TNBC patients and found a strong association between higher expression
level of HOTAIR and the metastasis of tumor cells to the lymph nodes and identified the involvement of
androgen receptors in HOTAIR-dependent tumor progression.

Liang et al. [67] reported that TNBC tissue has higher expression levels of both HOTAIR and miR-
146a-5p, which are associated with lower survival rates among TNBC patients. This study demonstrated
that HOTAIR is positively regulated by miR-146a-5p using a TNBC cell line model and that both HOTAIR
and miR-146a-5p enhance the metastasis of TNBC cells. However, the silencing of HOTAIR using siRNA
mitigates the effect of miR-146a-5p.

In an analysis of the tumor samples from 348 TNBC patients using methylation-specific PCR, Lu et
al. [68] observed a positive association between methylation at a downstream intergenic CpG island and its
expression with clinical and pathological characters as well as the survival of patients. This study also
found an association between the low risk of relapse and the high expression of HOTAIR using a
multivariant Cox regression model. The study described the biological relevance of intergenic methylation
on the regulation of the expression of HOTAIR in TNBC. Collectively, these studies suggest that the
transcription of HOTAIR is controlled by epigenetic mechanisms, which leads to carcinogenesis.

Wang et al. [69] reported that exosomes containing HOTAIR in the serum correlate with BC
progression. In particular, exosomal HOTAIR is positively associated with ErbB2 in tumor samples. Their
study also validated the association between HOTAIR and ErbB2 using isogenic BC cell lines with and
without the forced expression of ErbB2. Ren et al. [70] found that HOTAIR mediates the interaction of
cancer-associated fibroblasts with BC cells during metastasis. This experiment demonstrated that TGF-p1
from CAFs promotes BC metastasis by inducing EMT via the promotion of HOTAIR expression. This
study demonstrated that SMAD?2/3/4 interacts with the promoter region of HOTAIR between — 386 and
—398 and between —440 and — 452 to facilitate the transcription of HOTAIR. Using an orthotopic mouse
model, this study proved that the silencing of HOTAIR provokes the lung metastasis of TNBC cells and

tumor growth.
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A study by Romero et al. [71] found that HOTAIR mediates hypoxia-induced metastasis of TNBC
cells. It showed that hypoxia increases HOTAIR expression, but silencing HOTAIR using siRNA prevents
the development of hypoxia-induced channel-like networks and branch points and increases miR-204
levels. Furthermore, the knockdown of HOTAIR alters the organization of the cytoskeleton by reducing the
expression of FAK. These various studies highlight multiple routes through which HOTAIR can be targeted
to suppress BC metastasis, thus it has the potential to be exploited as a target for BC treatment.

Role of HOTAIR in resistance to breast cancer therapy

HOTAIR mediates resistance to radiation and chemotherapy in BC It has been reported that HOTAIR
mediates the resistance of BC cells against radiotherapy by facilitating the binding of EZH2 to the promoter
site of the Myc gene [72]. It also promotes radio-resistance in BC by enhancing the expression of HSPA1A
through its role as a competing sponge.

dependent repression of HSPALA [73]. Hu et al. [74] also demonstrated that the silencing of
HOTAIR using siRNA sensitizes BC cells to radiation therapy by inducing apoptosis via DNA damage and
cell cycle arrest and by activating their associated pathways through the activation of miR-218 Zhou et al.
[75] demonstrated the impact of HOTAIR expression on radio-resistance in TNBC cells using a
recombinant plasmid vector containing HOTAIR. This study revealed that HOTAIR increases the
resistance to radiation therapy among TNBC cells by enhancing cell proliferation and clonogenic survival
via the targeting of AKT pathway-dependent HOXD10, suggesting that HOTAIR suppression could
improve therapeutic outcomes.

A study on the clinical treatment of BC patients with E2 observed that HOTAIR can mediate
endocrine therapy resistance via the hub gene ESR1 by targeting miR-130b-3p in BC patients [76]. It can
also mediate trastuzumab resistance in BC cell lines by upregulating TGF-B, vimentin and Snail expression,
downregulating E-cadherin levels, and increasing the methylation of PTEN gene However, the silencing of
HOTAIR by siRNA sensitizes BC cells to trastuzumab by reducing the expression of TGF-f, vimentin and
Snail and reduces the BC growth in a mouse model [77].

HOTAIR also mediates Doxorubicin (DOX) resistance in BC cells The silencing of HOTAIR with
siRNA sensitizes DOX-resistant BC cells by reducing proliferation, inducing apoptosis, and impeding the
activity of PISBK/AKT/mTOR signaling. In addition, lower Bcl2 and caspase 3, higher BAX, and lower
MDR1, MRP1, and ABCB1 expression levels have been observed in HOTAIR-silenced DOX-resistant BC
cells, illustrating the significance of HOTAIR in the induction of DOX resistance in BC [78].

HOTAIR promotes the drug and radio-resistance of BC by inducing EMT and stemness. EMT is one
of the key mechanisms of cancer progression and is required for the maintenance of cancer stem cells
(CSCs). TGF-B1-induced HOTAIR enhances the ability of BC cells to form colonies by promoting EMT
via the increase in the expression of vimentin, a mesenchymal marker, and the reduction of E-cadherin, an
epithelial marker [79]. In BC, HOTAIR can maintain EMT and CSCs by suppressing miR-7 via c-myc and
TWIST expression [80]. HOTAIR can also regulate autophagy, which promotes BC progression and stem
cell properties via the direct interaction with autophagy-related and invasion-associated genes such as
MMPs and B-catenin or the indirect interaction with miR-34a [29]. HOTAIR can also regulate stemness in
BC by upregulating the expression of the stemness-related genes CD44, STAT3, and ALDH2 [81]. BC cells
enriched with CSCs also exhibit higher expression of HOTAIR compared to their normal counterparts,
while the modulation of HOTAIR expression using full-length HOTAIR enhances the self-renewal capacity
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of CSCs by increasing SOX2 expression through miR-34a [82-89]. This study also reported that HOTAIR
can control the transcription of p53 in CSCs by indirectly regulating p21.

Overall, the sponging mechanisms of HOTAIR associated with the regulation of gene expression in
BC involve sequestering miRNAs to prevent their normal function, resulting in the higher expression of
target genes. HOTAIR does this by sponging mRNA-interfering complementary RNA (miRNA) molecules
that would normally target and degrade the mRNA of downstream genes. HOTAIR contains miRNA
response elements that can bind to miRNAs, sequestering them from their natural targets and reducing their
ability to suppress gene expression. By binding miRNAs, HOTAIR effectively competes with endogenous
transcripts that contain same miRNA response elements, leading to an increase in the expression of the
target genes. HOTAIR’s sponging mechanisms have been shown to regulate the expression of multiple
genes involved in BC, including HER2, BRCAL, and PTEN. Hence, HOTAIR inhibition represents a
promising strategy for improving responses to therapeutic regimens in treatment-refractory patients.

Various studies have confirmed the potential of HOTAIR as an informative diagnostic and prognostic
tool for the detection and management of BC. In particular, the aberrant expression of HOTAIR has been
reported for different BC subtypes [90], thus numerous studies have evaluated the efficiency of serum
HOTAIR as a biomarker for the diagnosis and prognosis of BC in patients using various models. Serum
HOTAIR levels are reported to be higher in BC patients than in healthy individuals with higher
discriminating power [91]. HOTAIR has also been identified as a prognostic marker of BC using univariate
Cox regression analysis of differentially expressed IncRNAs in normal breast tissue and BC samples [92].
This study predicted a correlation between OS and HOTAIR levels in BC tissue. Another study evaluated
the serum levels of a HOTAIR SNP (rs12826786) and Nestin as screening markers of BC by genotyping
HOTAIR gene variants using PCR-RFLP analysis [93]. This study reported a significant difference in
HOTAIR gene alleles between normal healthy individuals and BC patients, especially T/T genotypes,
which are more common among BC patients, and C/C genotypes, which are lower in normal healthy
individuals.

Profiling experiments have also been used to evaluate the diagnostic potential of HOTAIR during
different stages of BC [94]. This study demonstrated that HOTAIR levels are considerably higher in stage
I1, 11, and IV tumor tissue samples than in stage | samples. The expression profile of HOTAIR is also
notably higher in stages 11l and IV than in stage Il, indicating the potential in using HOTAIR to target BC
metastasis. Using co-expression network analysis, Li et al. [95] identified HOTAIR as one of the four
InNcRNAs associated with BC prognosis and developed a corresponding prognostic model. Using this
model, a risk-adaptive management strategy for BC was identified for accurate risk assessment and the
selection of optimal strategies, thus providing novel insights for clinical applications in BC management.
Furthermore, a meta-analysis of differentially expressed HOTAIR in 2192 BC samples from 21 studies
revealed a notable association between HOTAIR expression and OS and DFS, suggesting that HOTAIR is a
reliable marker for patients with TNBC [96]. predicted a correlation between the expression of HOTAIR
and the worst prognosis using the high-throughput sequencing of cohorts and TCGA validation analysis.
Their study also highlighted the oncogenic potential of HOTAIR using RNA interference technology.

The silencing of HOTAIR using siRNA reduces the proliferation of BC cells by promoting
programmed cell death and inducing cell cycle arrest at the Go/G stage [97]. Further, the response of
circulatory HOTAIR to neoadjuvant chemotherapy (NAC) predicts the correlation with DFS in BC patients
by quantifying HOTAIR in serum using quantitative real-time PCR [98]. Using Kaplan-Meier curves and
log-rank tests, this study predicted that BC patients with elevated levels of serum HOTAIR exhibit a poor

clinical response to NAC and the lowest DFS, indicating that serum HOTAIR is a potential predictor of
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NAC in BC patients. Another study by Zhang et al. [99] described the biomarker potential of serum
HOTAIR in BC patients using PCR-based detection. This study measured the DNA of HOTAIR in BC
patients and healthy controls in the discovery and independent-validation stages and found that HOTAIR is
present in the serum as DNA fragments rather than RNA. Moreover, the diagnostic potential of serum
HOTAIR has been predicted using the receiver operating curve and area under the curve metrics, with
higher levels of HOTAIR DNA detected in the serum compared to healthy controls [99]. This study also
found that the cutoff value of relative concentration for HOTAIR DNA for the diagnosis of BC was 0.30,
with a sensitivity and specificity of 80.0% and of 68.3%, respectively, suggesting that HOTAIR DNA is a
potential biomarker for the diagnosis of BC.

In another study, Zhang et al. [100] estimated the HOTAIR levels in the plasma of BC patients before
and after surgery and compared them with the plasma levels of CA153 and CEA for BC diagnosis. Their
study found that HOTAIR levels are strongly related to lymph node metastasis. However, after surgery, the
level of plasma HOTAIR are significantly lower and have a moderate relationship with HOTAIR
expression. Furthermore, the diagnostic potential of plasma HOTAIR has been confirmed using receiver
operating curves and logistic regression with significantly higher diagnostic power and specificity over
CA153 and CEA. The diagnostic power of plasma HOTAIR was further enhanced by combination with
plasma CA153 and CEA in BC patients [100]. Ezzatizadeh et al. [101] reported that radiation therapy has a
varying prognostic influence on HOTAIR levels in the peripheral blood of BC patients, indicating its
potential as a blood marker for the diagnosis of BC [101]. Insitu hybridization (ISH) analysis of BC tissue
microarrays by Evans et al. [102] confirmed the association between HOTAIR and the recurrence of
TNBC. HOTAIR mRNA levels were significantly higher in BC samples with high recurrence scores, while
MRNA levels were low in BC samples with low recurrence scores, indicating that HOTAIR has the
potential for use as a recurrence marker of BC [102].

Conclusion

In conclusion, HOTAIR is a long non-coding RNA that has been identified as a key regulator of BC
metastasis, drug resistance, and prognosis. Its upregulation has been associated with the development of
aggressive BC phenotypes, such as TNBC, and poor patient outcomes. Mechanistically, HOTAIR has been
shown to promote metastasis by regulating EMT and enhancing cancer cell invasion and migration. It also
contributes to drug resistance by regulating the genes involved in drug metabolism, such as P-glycoprotein.
In addition, HOTAIR has been proposed as a potential prognostic biomarker and therapeutic target for BC.
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