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Abstract:

HOX Transcript Antisense Intergenic RNA (HOTAIR) is a long non-coding RNA (IncRNA)
located on chromosome 12q13.13, transcribed from the HOXC locus. Despite not
encoding proteins, HOTAIR plays a critical regulatory role in epigenetic gene silencing. It
functions as a molecular scaffold that recruits chromatin-modifying complexes,
particularly Polycomb Repressive Complex 2 (PRC2) and LSD1/CoREST/REST, to
target genomic regions such as the HOXD cluster, leading to H3K27 trimethylation and
H3K4 demethylation, respectively. Through these epigenetic modifications, HOTAIR
influences cellular processes such as cell differentiation, proliferation, migration, and
invasion. Dysregulation of HOTAIR expression has been strongly associated with tumor
progression, epithelial-mesenchymal transition (EMT), drug resistance, and poor
prognosis in several cancers including breast, colorectal, liver, gastric, and lung cancers.
Due to its tissue-specific expression, stability in blood and exosomes, and strong
correlation with tumor aggressiveness, HOTAIR is considered a promising biomarker for
diagnosis, prognosis, and a potential therapeutic target in cancer.
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Introduction:

A varied class of RNA transcripts longer than 200 nucleotides, long non-coding RNAs (IncRNAs) do not encode
proteins but are essential for transcriptional, post-transcriptional, and epigenetic regulation. More and more data
indicates that IncRNAs play a crucial role in regulating gene expression and are implicated in vital biological
functions such cell division, growth, and death. Because of its enormous influence on transcriptional gene
silencing and chromatin remodeling, HOX Transcript Antisense Intergenic RNA (HOTAIR) has become one of the
most functionally significant IncRNAs (1).

HOTAIR mainly serves as an epigenetic scaffold and is transcribed from the HOXC locus on chromosome
12q13.13. 1In order to suppress target genes by histone modification, it attracts several chromatin-modifying
complexes to particular genomic areas, most notably the Polycomb Repressive Complex 2 (PRC2) and the
LSD1/CoREST/REST complex (2). HOTAIR plays a role in transcriptional reprogramming that modifies cellular
identity and behavior by promoting H3K27 trimethylation and H3K4 demethylation. This reprogramming affects
pathways linked to invasion, metastasis, and proliferation.

The onset and spread of cancer have been closely associated with the dysregulation of HOTAIR expression. A
number of cancers, including breast, colorectal, gastric, hepatic, and lung tumors, have been shown to overexpress
HOTAIR, which increases the risk of metastasis, promotes the epithelial-mesenchymal transition (EMT), and
increases resistance to treatment (3). HOTAIR is presently being investigated as a predictive biomarker and a
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therapeutic target in the management of cancer because of its important involvement in tumor aggressiveness and
its detectability in tissues and circulating exosomes.

Definition and Location:

The 2,158 bp long non-coding RNA (IncRNA) known as HOX transcript antisense RNA (HOTAIR) has six
exons and is situated between the HOXCI11 and HOXCI2 genes on chromosome 12q13.13. Numerous
transcription factors, such as AP1, Spl, ERE elements, HRE elements, and NF-kB, have binding sites in its
promoter region. In order to control chromatin shape and enable transcriptional silencing, HOTAIR is essential

4).

1213

HOXC73 HOXC72 HOXC77 HOXC70

\

ZZ==A
HOTAIR

\
|

£ @

0w w - o o~ -

[ ¥ — = = = = =

[=X=] o o o o o

> > > >< >< > >

HOTAIR i) b R s
body structure _——fH} 3 — —, 6 TSS

5 3

Promoter region ymrmamEE @B B EE
MMMOWwWIZM>3
VXV DN 0T HF
m & O

Figure 1: Location of LNC RNA HOTAIR.(5)

Function:

Early studies showed that HOTAIR attaches to the 5’ end of the Polycomb repressive complex 2 (PRC2), which
helps to preserve cell stemness and block cell differentiation by suppressing genes linked to differentiation
through H3K27 histone trimethylation. Furthermore, lysine-specific histone demethylase 1A (LSD1), another
important chromatin modification implicated in gene silencing, interacts with HOTAIR at its 3’ terminus. By
activating the RE1-silencing transcription factor (REST) and CoREST, two proteins crucial to transcriptional
repression, LSD1 creates a multiprotein complex. (4)

The PRC2 and LSDI1 complexes interact more easily thanks to the molecular scaffolding provided by HOX
transcript antisense RNA (HOTAIR). Through H3K27 trimethylation (mediated by PRC2) and H3K4
demethylation (mediated by LSD1), the HOTAIR-PRC2-LSD1 complex suppresses transcription and causes
epigenetic changes that aid in targeted gene silencing. This complex, for example, can be targeted to the 5’ end
of the HOXD locus on chromosome 2, where it methylates and demethylates H3K27 and H3K4 to mute genes
implicated in metastasis suppression (6).

Both post-transcriptional and post-translational levels of gene expression can be controlled by HOX
transcript antisense RNA (HOTAIR). Post-transcriptionally, it interacts with splicing factors to modify splicing
and base pairs with translation factors or ribosomes to influence translation. It has been documented that
HOTAIR serves as a platform for protein ubiquitination at the post-translational level, enabling the eventual
destruction of those proteins (6).

MiRNA recognition elements (MREs) are found in most IncRNAs, suggesting that IncRNAs can control the
transcription of certain miRNAs and contribute to their synthesis, maturation, and destruction. Numerous
investigations have shown that HOTAIR and microRNAs interact, and that these interactions have an impact on
a number of cellular functions (7).

By promoting PRC2's recruitment to its target HOXD genes and repressing them, HOTAIR plays a critical
role in the formation of the lumbosacral region throughout embryogenesis (6).
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Furthermore, HOTAIR has been linked to cell cycle regulation in a number of investigations. By modifying
the Rb-E2F signaling pathway and the CDK4/6-cyclin D complex, it encourages cell cycle advancement past
the G1 phase restriction point (8).

Role of LncRNA HOTAIR in cancer:

The majority of solid tumors have shown aberrant HOTAIR expression in the last ten years, highlighting the
protein's critical function in controlling tumor start, development, angiogenesis, progression, recurrence,
treatment resistance, and poor prognosis (9)

Because HOTAIR overexpression binds to the androgen receptor (AR) protein and inhibits its degradation,
it promotes the proliferation and invasion of prostate cancer cells in urological malignancies. HOTAIR
contributes to doxorubicin chemosensitivity and acts as an independent prognostic marker for tumor recurrence
in bladder cancer. Additionally, people with bladder cancer may have it in their urine. (6)

The International Federation of Gynecology and Obstetrics (FIGO) stage, tumor histological grade, lymph node
metastases, and poor survival outcomes are all linked to HOTAIR's upregulation in epithelial ovarian cancer
tissues in gynecological cancers. Its expression in cervical carcinoma is associated with prognosis, lymph node
metastases, and clinical-pathological features (6). Additionally, HOTAIR influences the growth and
proliferation of cervical cancer cells via interacting with different mRNAs. Additionally, in patients with
cervical cancer, high levels of HOTAIR in the blood are closely associated with lymph node metastases,
advanced disease, and a bad prognosis. (10). Abnormal HOTAIR expression in endometrial cancer is linked to
poor prognosis, lymph node metastasis, tumor grade, and the emergence of cisplatin resistance.

A noteworthy biomarker of colorectal and gastric malignancies, HOTAIR overexpression is strongly associated
with tumor stage, lymph node involvement, distant metastases, and decreased survival rates in gastrointestinal
cancers (11). HOTAIR has been found in patient plasma in gastric cancer, and its levels in the blood can be
used to determine which patients will benefit from combination therapy with fluorouracil and platinum (12).
HOTAIR is significantly expressed in liver cancer and is closely associated with both tumor progression and
clinical-pathological characteristics. Additionally, in patients with hepatocellular carcinoma, HOTAIR silencing
increases treatment sensitivity to doxorubicin and cisplatin (13)

In oral malignancies, HOTAIR overexpression has been linked to histological grade and stage in laryngeal
squamous cell carcinoma (LSCC). Furthermore, HOTAIR contributes to the modulation of cisplatin sensitivity
in LSCC cells (14).

A poor prognosis, lymph node metastases, and advanced stages of lung cancer are all associated with abnormal
HOTAIR expression. In individuals with non-small cell lung cancer (NSCLC), there is also a clear correlation
between high HOTAIR expression and cisplatin resistance. Additionally, circulating HOTAIR has been found
in the plasma of patients with lung cancer, where it is linked to clinical-pathological characteristics (15, 16).

Role of long noncoding RNA in colorectal cancer:

In terms of incidence and fatality rates, colorectal cancer (CRC) is one of the three most common and deadly
malignancies. In patients with colorectal cancer, elevated HOTAIR is closely associated with greater tumor
infiltration, venous invasion, distant metastases, and worse overall survival (17). Furthermore, as liver
metastasis is a major cause of cancer-related fatalities in colorectal cancer, elevated HOTAIR expression has
been proposed as a possible prognostic biomarker for poor survival outcomes (18). Furthermore, HOTAIR has
been linked to a possible mechanism that influences bacterial activity and drives colorectal carcinogenesis and
development (19). Another study showed that miR-203a-3p negatively affects HOTAIR expression in
colorectal cancer cell lines and that HOTAIR levels were elevated in colorectal cancer tissues. According to
functional tests, colorectal cancer cell proliferation and chemotherapy resistance are reduced when HOTAIR is
silenced or miR-203a-3p expression is increased (20).
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