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Abstract

Long non-coding RNA (IncRNA) is a non-protein-coding RNA with a length of more than 200 nucleotides. Studies have
shown that IncRNAs have vital impacts on various pathological processes and participate in the development of human
diseases, usually through acting as competing endogenous RNAs to modulate miRNA expression and biological functions.
IncRNA HOXA Cluster Antisense RNA 3 (HOXA-AS3) was a newly discovered IncRNA and has been demonstrated to be
abnormally expressed in many diseases. Moreover, HOXA-AS3 expression was closely correlated with the clinicopathologic
characteristics in cancer patients. In addition, HOXA-AS3 exhibited significant properties in regulating several biological
processes, including cell proliferation, invasion, and migration. Furthermore, HOXA-AS3 has provided promising values in
the diagnosis, prognosis, and therapeutic strategies of several diseases such as liver cancer, glioma, lung cancer, oral cancer,
gastric cancer, and even atherosclerosis. In this review, we discuss the abnormal expression of HOXA-AS3 in several human
disorders and some pathobiological processes and its clinical characteristics, followed by a summary of HOXA-AS3 func-

tions, regulatory mechanisms, and clinical application potential.
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Introduction

Long non-coding RNA (IncRNA) represents a non-coding
functional RNA subtype with over 200 nucleotides in length
[1-5]. Along with a growing number of long non-coding
RNAs (IncRNAs) being identified in recent years, inves-
tigating the biological functions of IncRNAs has gained
increasing attention [5-9]. Increasing evidence suggests
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that IncRNA dysregulation is linked to illness onset and
progression, particularly malignancies [10—13]. In addition,
functional investigations have also indicated that IncRNAs
play an essential role in the pathogenesis of various diseases
via several molecular processes, including cell prolifera-
tion, metabolism, migration, invasion, and apoptosis [12,
14]. Furthermore, IncRNAs have emerged as novel focuses
of clinical applications due to the increasing in-depth stud-
ies on molecular mechanisms [14—-18] for the functions of
numerous IncRNAs [17, 19-21].

IncRNA HOXA Cluster Antisense RNA 3 (HOXA-AS3)
is a newly discovered IncRNA with 25,952 bases and in the
genomic location at human chromosome 7p15.2 started
900 nt downstream of the 3’ end of HOXBS5 [22]. HOXA-
AS3 expression has been implicated in a variety of human
diseases and pathophysiological processes, including liver
cancer [23-25], glioma [26, 27], lung cancer [28-30], oral
cancer [31], colorectal cancer [32], gastric cancer [33], pan-
creatic cancer [34], endometriosis [35], atherosclerosis [36,
37], pulmonary arterial hypertension [38, 39], and even the
lineage differentiation of mesenchymal stem cells (MSCs)
[39], according to numerous studies. In these disorders,
high HOXA-AS3 expression has been reported to closely
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relate to several clinicopathologic characteristics, such as
pathological grade, TNM stage, tumor size, lymph node
metastasis, invasion depth, and Helicobacter pylori infection
status, overall survival, and disease-free survival. Research
has further revealed that HOXA-AS3 exerted regulatory
effects on the initiation and progression of various human
disease types through the positive induction of many cellular
processes such as cell proliferation, apoptosis, migration,
invasion, chemotherapy resistance, endothelium inflamma-
tion, and MSCs differentiation. Furthermore, HOXA-AS3
has been shown to have a high potential for a variety of
interesting therapeutic applications in diagnosis, prognosis,
and therapy. In this review, we focus on the expression pro-
files, corresponding clinicopathologic features, biological
roles, molecular mechanisms, and clinical applications of
HOXA-AS3 in diverse disease types and pathophysiologi-
cal processes.

The expression of HOXA-AS3 and its roles in human
diseases and pathophysiological processes

Recent evidence showed that the overexpression of
HOXA-AS3 was revealed in various types of human dis-
eases and pathophysiological processes, including liver
cancer [23-25], glioma [26, 27], lung cancer [28-30], oral
cancer [31], colorectal cancer [32], gastric cancer [33],
pancreatic cancer [34], endometriosis [35], atherosclerosis
[36, 37], pulmonary arterial hypertension [38], and the
lineage differentiation of mesenchymal stem cells (MSCs)
[39]. In addition, high HOXA-AS3 expression has been
identified to correlate with unfavorable clinicopathological
features and poor prognoses, such as pathological grade,
TNM stage, tumor size, lymph node metastasis, invasion
depth, and Helicobacter pylori infection status, overall
survival, and disease-free survival (Table 1). HOXA-AS3
was also involved in regulating biological functions and
disease processes through various mechanisms, including

cell proliferation, apoptosis, migration, invasion, drug
resistance, endothelium inflammation, and MSCs lineage
specification (Table 2). This section briefly introduces
HOXA-AS3 expression changes, relevant clinicopatho-
logic features, and the leading biological roles in diverse
disease types and pathophysiological processes.

Cancers
Liver cancer

It was found that HOXA-AS3 expression was markedly
upregulated in hepatocellular carcinoma cells (Hep3B,
SNU-387, Li-7, SMMC-7721, HepG2, Huh7, and HCC-
LM3) and tissues [23-25]. In addition, patients with high
HOXA-AS3 levels were confirmed to possess shorter
overall survival. Similarly, functional studies revealed that
HOXA-AS3 increased cell proliferation, anti-apoptosis,
migration, invasion, the epithelial-mesenchymal transition
(EMT), and the MEK/ERK signaling pathway in Hep3B,
HuH-7, SMMC-7721, and HepG?2 cells, as well as tumor
growth and lung metastasis in mouse xenograft models
[23-25].

Glioma

HOXA-AS3 was highly expressed in glioma tissues and cell
lines (LN229, U251, SNB19, U87, U138, and H4) and was
closely associated with poor prognoses such as worse overall
survival and pathological grade [26, 27]. HOXA-AS3 was
demonstrated, through functional experiments, to facilitate
the processes of cell proliferation, anti-apoptosis, and migra-
tion in LN229, H4, and U251 cells and in vivo tumor xeno-
graft models [26, 27].

Table 1 IncRNA HOXA-AS3 expression and clinical characteristics in human diseases and pathophysiological processes

Disease type Expression Clinical characteristics Refs
Liver cancer Overexpression  Overall survival [23-25]
Glioma Overexpression  Overall survival and pathological grade [26, 27]
Lung cancer Overexpression  — [28-30]
Oral cancer Overexpression  Pathological stage, and overall survival [31]
Colorectal cancer Overexpression  — [32]
Gastric cancer Overexpression ~ Tumor size, lymph node status, invasion depth, Helicobacter pylori infection [33]
status, over survival, and disease-free survival
Pancreatic cancer Overexpression  Poor prognosis, TNM stage, and lymph node metastasis [34]
Atherosclerosis Overexpression ~ Pathological conditions of the coronary wall, the levels of TG, TC, and LDL-C  [36, 37]
Pulmonary arterial hypertension — Overexpression — [38]
MSC:s lineage determination Overexpression  — [39]
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Table 2 Roles and regulatory mechanisms of IncRNA HOXA-AS3 in human diseases and pathophysiological processes

Disease type Role Cell lines Functions Related mechanisms Refs
Liver cancer Tumor promoter Hep3B, SNU-387, Li-7, Cell proliferation, apop- miR-29¢, BMP1, miR- [23-25]
SMMC-7721, HepG2, tosis, migration, and 455-5p, and PD-L1
Huh7, and HCC-LM3 invasion
Glioma Tumor promoter LN229, U251, SNB19, Cell proliferation, apopto- ~ miR-455-5p, and USP3 [25,27]
U87, U138, and H4 sis, and migration
Lung cancer Tumor promoter A549, PC-9, NCI-H358, Cell proliferation, migra- HOXA3, NF110, and [28-30]
and NCI-H1299 tion, invasion, cisplatin HOXAG6
resistance
Oral cancer Tumor promoter TSCCA, CAL-27, SCC-9, Cell proliferation miR-218-5p [31]
and Tca8113
Colorectal cancer Tumor promoter SW480, SW620, HCT116, Cell proliferation, and miR-4319, SPNS2, and [32]
COLO205, and LOVO apoptosis AKT
Gastric cancer Tumor promoter MGC-803, AGS, MKN45,  Cell proliferation, migra- miR-29a-3p, and LTAR [33]
SGC7901, and HGC-27 tion, and invasion
Pancreatic cancer Tumor promoter Panc-1, Aspc-1, sw1990, Cell proliferation miR-29¢, and CDK6 [34]
and Bxpc-3
Atherosclerosis - HUVECs Endothelium inflammation, NF-kB, miR-455-5p, p27, [34, 37]
cell proliferation, and and Kipl
apoptosis
Pulmonary arterial hyper- — HPASMCs Cell proliferation, apop- miR-675-3p, and PDESA  [38]
tension tosis, migration, and
invasion
MSCs lineage determina-  — MSCs Osteogenic differentiation ~ EZH2, and RUNX?2 [39]

tion

Lung cancer

In small cell lung cancer, HOXA-AS3 expression was
shown to upregulate over fourfold in patients’ tissues
acquired stable disease (SD)/progressive disease (PD)
after first-line chemotherapy compared to partial response
(PR) patients’ tissues [28]. Furthermore, in a dose- and
time-dependent manner, HOXA-AS3 was dramatically
overexpressed in non-small-cell lung cancer tissues and
cell lines after cisplatin therapy [29, 30]. Moreover,
HOXA-AS3 exerted chemoresistance functions by induc-
ing anti-apoptosis and EMT in A549, PC-9, NCI-H358,
and NCI-H1299 cells. The developed xenograft mice
model confirmed that HOXA-AS3 knockdown increased
cisplatin effectiveness in lung cancer [30].

Oral cancer

In addition, HOXA-AS3 was also highly expressed in oral
squamous cell carcinoma tissues and cell lines (TSCCA,
CAL-27, SCC-9, and Tca8113) [31]. Furthermore, high
levels of HOXA-AS3 indicated an undesirable pathologi-
cal stage and overall survival. Moreover, HOXA-AS3 has
also played proliferative roles on SCC-9 and CAL-27 cells
[31].
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Colorectal cancer

Overexpression of HOXA-AS3 has been reported in colorec-
tal cancer tissues and SW480, SW620, HCT116, COLO205,
and LOVO cells. In addition, HOXA-AS3 showed strong
abilities to stimulate cell proliferation, suppress cell apopto-
sis in COLO205 and LOVO cell lines, and accelerate tumor
growth in vivo [32].

Gastric cancer

HOXA-AS3 was upregulated in gastric cancer cell lines
(MGC-803, AGS, MKN45, SGC7901, and HGC-27) and
tissues. In addition, high HOXA-AS3 levels were correlated
with poor prognosis, including tumor size, lymph node sta-
tus, invasion depth, Helicobacter pylori infection status, over
survival, and disease-free survival. More crucially, HOXA-
AS3 increased cell proliferation, migration, and invasion in
MKN45 and SGC7901 cells and tumor development and
lung metastasis in vivo [33].

Pancreatic cancer
HOXA-AS3 was overexpressed in pancreatic cancer tissues

and Panc-1, Aspc-1, sw1990, and Bxpc-3 cells and was
closely bound up with worse prognosis, aggressive TNM
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stage, and lymph node metastasis. HOXA-AS3 was also
reported to exist in its pro-proliferative effects for Panc-1
and Bxpc-3 cells as well as subcutaneous xenograft tumors
[34].

Non-cancerous diseases
Atherosclerosis

The elevation of HOXA-AS3 was observed in human
umbilical vein endothelial cells (HUVECSs) and associated
with worse pathological conditions of the coronary wall,
increased levels of TG, TC and LDL-C in the serum of
mice model. By promoting HUVEC adherence to mono-
cytes and monocyte movement across HUVEC monolayers
[36], HOXA-AS3 was thought to be a crucial activator for
endothelium inflammation. HOXA-AS3 was also involved
in the anti-proliferative and apoptotic effects of ox-LDL-
induced HUVECs and the advancement of angiogenesis
[37].

Pulmonary arterial hypertension

HOXA-AS3 was also overexpressed hypoxia-treated human
pulmonary artery smooth muscle cells (HPASMCs), which
was regarded as in vitro model of pulmonary arterial hyper-
tension (PAH). Besides, HOXA-AS3 has been proved to pro-
mote proliferation and migration but repress the apoptosis
of HPASMCs [38].

Mesenchymal stem cells lineage commitment

The expression of HOXA-AS3 in mesenchymal stem cells
(MSCs) was increased during adipogenic differentiation,
whereas it was unchanged during osteogenic differentia-
tion. Moreover, HOXA-AS3 has been proposed as a critical
factor in epigenetic tuning that contributed to the lineage
differentiation of MSCs. Downregulation of HOXA-AS3 in
both human MSCs and mouse MSCs resulted in improved
osteogenesis and impaired adipogenesis [39].

The regulatory mechanisms of HOXA-AS3 in human
diseases and pathophysiological processes

Numerous studies have found that IncRNAs primarily
work by interacting with miRNAs and interfering with
gene expression [40—44]. Functional analysis indicated
that HOXA-AS3 participated in regulating various cell
biological processes via numerous mechanisms, including
cell proliferation, apoptosis, invasion, metastasis, chemo-
therapy sensitivity, endothelium inflammation, and MSCs-
lineage differentiation. Following that, we will discuss the

molecular mechanisms of fundamental biological tasks
such as cell proliferation, migration, and invasion. Uncon-
trolled cell proliferation constitutes malignant transforma-
tion and eventually tumor occurrence [44—48]. Meanwhile,
cell migration and invasion are indispensable properties
for cancer metastasis, mainly attributed to cancer-related
death [49-53].

It is clear that HOXA-AS3 exerts several functions in
many cancer types. In hepatocellular carcinoma, HOXA-
AS3 enhanced cell proliferation, migration, invasion, and
the epithelial-mesenchymal transition (EMT) process by
interacting with miR-29c to increase BMP1 expression in
SMMC-7721 and HepG?2 cells, as well as binding to miR-
455-5p to upregulate PD-L1 expression in Hep3B and
HuH-7 cells (Fig. 1) [23, 24]. Moreover, HOXA-AS3 was
also shown to sponge miR-455-5p to increase USP3 levels
in glioma LN229 and H4 cells, allowing them to proliferate,
and migrate [27]. In addition, HOXA-AS3 combined with
HOXAZ3 to induce EMT and inhibit cell apoptosis in non-
small-cell lung carcinoma cells (A549, PC-9, NCI-H358,
and NCI-H1299), therefore, weakening the effectiveness of
cisplatin treatment [29]. Furthermore, in lung adenocarci-
noma A549 cells, HOXA-AS3 was shown to be triggered by
histone acylation and then bound to NF110 to raise HOXA6
levels, leading to cell proliferation, migration, and invasion
[30]. In oral squamous cell carcinoma SCC-9 and CAL-27
cells, HOXA-AS3 performed the pro-proliferative functions
through the interaction with miR-218-5p [31]. HOXA-AS3
also strengthened colorectal cancer cell proliferation and
apoptosis in COLO205 and LOVO cells by repressing the
expression of miR-4319 to activate SPNS2 expression and
AKT signaling pathway [32]. In gastric cancer MKN45 and
SGC7901 cells, HOXA-AS3 has been found to accelerate
the processes of cell proliferation, migration, and invasion
via restraining miR-29a-3p from raising the LTPR expres-
sion and then sensitizing the NF-kB signaling pathway [33].
Moreover, HOXA-AS3 exerts a pro-proliferative action in
pancreatic cancer Panc-1 and Bxpc-3 cells through the acti-
vation of NF-kB signaling.

Recently, HOXA-AS3 was also shown to play pivotal
roles in non-cancer diseases. During the process of inflam-
matory atherosclerosis, HOXA-AS3 was revealed to enhance
monocyte migration through HUVEC monolayers through
the activation of NF-xB signaling and exhibit an anti-pro-
liferative and apoptotic effect on ox-LDL induced HUVECs
via miR-455-5p/p27 Kipl axis. In osteogenic differentiation
of MSCs, HOXA-AS3 regulated the lineage specification of
MSC by combining with EZH?2 and also influencing the H3
lysine-27 trimethylation of Runx2 [39]. Besides, HOXA-
AS3 combined with miR-675-3p to elevate PDESA levels,
boosting the proliferation, migration, and anti-apoptosis of
hypoxia-treated human pulmonary artery smooth muscle
cells [38].
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Fig. 1 In hepatocellular carcinoma, HOXA-AS3 exerted its functions in regulating cell proliferation, invasion, and migration by interacting with
miR-29c¢ to upregulate BMP1 expression or combining with miR-455-5p to increase PD-L1 level

The potential application of HOXA-AS3 in clinical
practice

HOXA-AS3 as a promising diagnostic and prognostic
marker

IncRNAs are considered potential biomarkers in illness diag-
nosis and prognosis based on the properties of tissue-specific
IncRNA expression patterns and their extensive participation
in numerous biological processes [54—57]. Recently, multi-
ple published studies have shown the significance of HOXA-
AS3 in the diagnostic and prognostic potentials for diverse
diseases. The differences in the expression of HOXA-AS3 in
a variety of diseases can be used to distinguish diseased from
adjacent normal tissues and cell lines, contributing to good
diagnostic value for disease screening. Moreover, the strong
correlation between HOXA-AS3 expression with the clinical
features in various disease types has also been confirmed to
possess solid prognostic value for disease risk assessment.
For example, Kaplan—-Meier analysis demonstrated that

@ Springer

patients with high HOXA-AS3 expression suffered lower
overall survival rates and even disease-free survival rates.
HOXA-AS3 expression was also verified as an independent
prognostic predictor in various disorders, including hepa-
tocellular carcinoma, glioma [26, 27], oral squamous cell
carcinoma, and gastric cancer, using univariate and mul-
tivariate Cox regression analyses [23-25]. Moreover, the
expression profile of HOXA-AS3 increased in a dose- and
time-dependent manner after cisplatin treatment, suggesting
the potential of HOXA-AS3 to predict cisplatin resistance
[29]. Nevertheless, HOXA-AS3 expression was currently
detected in only tissues and cell lines, while have not been
extensively performed on blood and other accessible body
fluids. In addition, restricted accessibility of tumor tissue,
inconvenient tissue storage, traumatic nature, and high cost
make tissue biopsy an unsatisfactory choice for clinical
applications [58—64]. Based on the several deficiencies of
biopsy tissues, non-invasive and minimally invasive body
fluid assessments are more conducive to early disease iden-
tification, more convenient for monitoring disease prognosis
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repeatedly, and more helpful in guiding timely intervention
and treatment [65-69]. Consequently, it is necessary to
explore further the specificity and stability of HOXA-AS3
expression in biological samples with less invasive (such as
blood and urine) in different diseases.

HOXA-AS3 as a prospective treatment target

IncRNAs are involved in various malignant biological
behaviors, and understanding the potential role of IncRNAs
in diseases represents a new perspective to develop molec-
ular targeted therapeutic strategies [70—74]. Previously, it
has been reported that HOXA-AS3 was overexpressed in
numerous disorders and exerted a critical role in driving
the disease formation and progression. Besides, numerous
studies have further shown that HOXA-AS3 modulated the
biological processes of disease types through several mecha-
nisms. HOXA-AS3 have been demonstrated to function as
competing endogenous RNAs (ceRNA) by sponging miRNA
and inhibiting miRNA function. Targeting HOXA-AS3 to
repress its abnormal upregulation has been shown to sup-
press disease progression in many disease models, repre-
senting a potent approach to developing therapeutic agents
for several types of disease. For example, suppression of
HOXA-AS3 in glioma tumor models showed an apparent
reduction in glioma tumor weight and size, suggesting the
promising therapeutic potential of targeted-HOXA-AS3 for
glioma [27]. Besides, downregulation of HOXA-AS3 by
CRISPR-dCas9 has also been indicated to impair the tumor
growth of pancreatic cancer [34] Panc-1 cells in vivo. More-
over, the 5'-terminal region of HOXA-AS3 from nt 1 to 800
was verified to be associated with the modulation of NF-kB
activity and, therefore, targeting the region of HOXA-AS3
from nt 1 to 800 may act as a promising therapeutic strategy
for the treatment of multiple NF-kB-mediated inflamma-
tory disorders [36]. Besides, HOXA-AS3 knockdown also
dramatically alleviated the symptom of atherosclerosis and
ameliorated the pathological change in the coronary wall,
the levels of TG, TC, and LDL-C in serum of mice, exhibit-
ing the powerful therapeutic effect on atherosclerosis [37].

In addition, chemoresistance [75—78] remains a primary
obstacle in cancer therapy. Elucidating the underlying mech-
anism of chemoresistance could improve the curative effect
of chemotherapy and guide the effective therapeutic method
[79-83]. It has been reported that HOXA-AS3 expression
was implicated in the development of small cell lung can-
cer chemotherapy [28] insensitivity and non-small-cell lung
carcinoma cisplatin [29] resistance, knockdown of HOXA-
AS3 enhanced the efficacy of chemotherapeutic drugs in
lung cancer.

These results suggest that suppressing HOXA-AS3
expression may have therapeutic potential for numerous
diseases. Moreover, it may have significant implications for

studying and treating different clinical disorders. However,
the clinical treatment strategies based on HOXA-AS3-tar-
geted agents have not yet been broadly applied. In future
research, the safety, stability, and efficacy of HOXA-AS3-
targeted drugs should be adequately evaluated in large-scale
randomized clinical trials. It is a promising field of HOXA-
AS3 in non-invasive disease detection, prognosis, and target
treatment.

Conclusion

HOXA-AS3 expression was upregulated in several human
disorders and pathophysiological processes, such as liver
cancer, glioma, lung cancer, oral cancer, colorectal cancer,
gastric cancer, pancreatic cancer, endometriosis, athero-
sclerosis, pulmonary arterial hypertension, and the osteo-
genic differentiation of MSCs. Furthermore, HOXA-AS3
overexpression was tightly associated with numerous clin-
icopathological features, such as tumor size, pathological
grade, lymph node metastasis, infection status, overall sur-
vival, and disease-free survival. In addition, HOXA-AS3
also played a crucial role in regulating biological functions
and participated in the pathogenesis of diseases by multi-
ple mechanisms. It is also well established that HOXA-AS3
was considered a promising biomarker and had a beneficial
impact on clinical applications, including diagnosis, prog-
nosis, and treatment. Additional in vivo and clinical experi-
ments of identifying HOXA-AS3 expression characteristics
in non-invasive samples and testing the efficacy and safety
of targeted-HOXA-AS3 drugs will provide helpful insights
into future disease management.
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