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Background and Objective: Long non-coding RNAs (IncRNAs) are a group of non-coding RNAs
consisting of more than 200 nucleotides that are widely involved in various physiological and pathobiological
processes in the body. LncRNA plays a crucial role in tumorigenesis and development with its unique
functions, such as playing a role in a variety of biological processes of malignant tumors as a cancer-
promoting factor or a cancer-suppressor factor. Lysyl oxidase-like protein 1-antisense RNA1 (LOXLI-
AS1) is a novel functional IncRNA recently reported. This article reviews the current findings on the role of
LOXL1-ASI in cancer, and discusses the potential clinical significance and application prospects, in order
to provide a theoretical basis and reference for the clinical diagnosis, treatment and screening of prognostic
markers for malignant tumors.

Methods: The PubMed and Embase databases were searched using the keywords “cancer” or “tumor”
or “neoplasm” and “LOXLI1-AS1” for publications from 2018 to the present. The English literature was
searched, with a focus on relevant articles. These articles validated the role and mechanism of LOXL1-AS1
in different cancers.

Key Content and Findings: LOXL1-AS1 is a recently reported novel IncRNA, which is abnormally
expressed and upregulated in more than ten cancers, and is positively correlated with adverse clinical features
and poor prognosis in cancer patients. LOXL1-AS1 competently binds to a variety of microRNAs to regulate
the expression of downstream target genes and regulate related signaling pathways, including proliferation,
migration, invasion and inhibition of malignant biological behaviors such as apoptosis.

Conclusions: LOXLI1-ASI is expected to become a novel biomarker for cancer diagnosis and treatment,

with great potential as an independent prognostic indicator.
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Introduction

Cancer is one of the most intractable public health problems
threatening human health worldwide, and despite ongoing
efforts to find the most effective cancer treatment, cancer
remains the second leading cause of death worldwide (1).
"This is associated with a variety of causes, including complex
inheritance of the genome, mutations in cancer-promoting
or cancer-suppressor genes, and tumor microenvironment
(TME) instability (2,3). Cancer is a highly heterogeneous
disease, which is reflected in different decision-making
phenotypes at the transcription and translation levels, such
as abnormal proliferation and high aggressiveness (4,5).
Compared with timely diagnosis and treatment of cancer,
the prolongation of its course is the main reason for the
high mortality rate of cancer patients (6,7). Therefore, it
is particularly important to find novel potential diagnostic
and prognostic biomarkers for early identification of cancer
in order to develop cancer treatment strategies and reduce
patient mortality (8).

Extensive human genome analysis shows that 90% of
eukaryotic genomic DNA is actively transcribed into RNA,
but only 2% is actually mRNA that can be encoded for
subsequent biological functions of proteins (9-11). This
suggests that the entire genome transcription process
consists mostly of non-coding RNA (ncRNA) (12). Early
studies believed that ncRNAs did not have biological
functions, but with the development of high-throughput
technology, people’s understanding of ncRNAs has gradually
deepened, and more and more evidence shows that ncRNAs
are by no means unnecessary or functional (8,13,14). Long
non-coding RNA (IncRNA) is the most dominant type of
ncRNA, named as it is because it is usually of more than
200 nt in length (15). In addition, the amount of IncRNA
is huge, and its intracellular content exceeds 70% of the
total RNA (16). In recent years, there has been continuous
evidence that IncRNA can participate in the regulation of
tumor biological development, which is inseparable from
IncRNA’s ability to mediate a variety of cancer-promoting
mechanisms and signaling pathways (17,18). LncRNA can
affect chromatin remodeling, gene transcription, protein
translation, post-translational processing and modification,
thereby changing cell structure, functional status, and
participating in tumor cell proliferation, invasion, migration
and recurrence (19). Some IncRNAs are known to play
a key role in cancer development. Hypoxia is associated
with different stages of cancer development, and IncRNA
DACT3-AS1 can be induced by HIF-1a in a hypoxic
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environment to promote hepatocellular carcinoma (HCC)
metastasis (20). MCM3AP-AS1 has been identified as a
novel oncogenic IncRNA with abnormal expression that
accelerates cancer growth levels in cancers such as non-
small cell lung cancer (NSCLC), inhibits apoptosis, and
accelerates epithelial-mesenchymal transition (EMT) (21).
NNT-ASI is a novel cytoplasmic IncRNA that upregulates
expression in most tumors, NNT-AS1 can affect the
development of malignant phenotypes such as proliferation,
invasion and migration of a variety of tumors, and is
associated with chemotherapy resistance (22).

Recently, a multifunctional IncRNA called lysyl oxidase-
like protein 1-antisense RNA1 (LOXL1-AS1) has come
into the limelight. LOXL1-AS1 has been found to be
overexpressed in a wide variety of cancers, in HCC,
breast cancer (BC), lung cancer (LC), glioma, renal cell
carcinoma (RCC), prostate cancer (PCa), cervical cancer,
endometrial cancer, ovarian cancer (OC), pancreatic cancer
(PC), gastric cancer (GC), osteosarcoma (OS), colorectal
cancer (CRC), esophageal squamous cell carcinoma
(ESCC), cholangiocarcinoma (CCA), thymic cancer. In
these cancers, abnormally expressed LOXL1-AS1 is often
associated with different clinicopathological features
and poor survival prognosis. Many in vivo and in vitro
experimental studies have shown that LOXL1-AS1 can bind
to miRNA as competitive endogenous RNAs (ceRNAs),
that is, the regulatory mechanism of miRNA sponge,
targeting a variety of specific genes or signaling pathways,
regulating the malignant biological behavior of tumor cells,
and promoting tumor growth (23-25) (Figure 1). Therefore,
LOXL1-AS1 is considered a cancer-promoting molecule
with the ability to become a marker for cancer diagnosis
and prognosis.

The expression profile, cell function experiments,
clinicopathological features and prognosis, and molecular
regulatory mechanism of LOXL1-AS1 in tumor clinical
samples and cell lines were reviewed to elucidate the
regulatory effect and mechanism of LOXL1-AS1 in
carcinogenesis. We present this article in accordance with
the Narrative Review reporting checklist (available at
https://tcr.amegroups.com/article/view/10.21037/tcr-23-
1450/rc).

Methods

Relevant literature was searched in PubMed and Embase
databases using the keywords “cancer” or “tumor” or
“neoplasm” and “LOXL1-AS1”, and screening criteria were
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Figure 1 The ceRNA regulatory network of IncRNA LOXL1-AS1. LOXL1-AS1, lysyl oxidase-like protein 1-antisense RINAI.

English-language literature from 2018 to 2023, with a focus
on the inclusion of research-based literature on LOXL1-
AS1 in different cancers and the exclusion of irrelevant
review articles. Details of the search are shown in Table 1.

Overview of findings
Role of LOXL1-AS1 in different cancers

Several studies have reported abnormal expression of
LOXL1-ASI in a variety of human cancers, such as HCC,
BC, NSCLC, glioma, RCC, PCa, OC, GC, CRC, ESCC.
In addition, studies have shown that high LOXL1-AS1
expression levels are associated with late clinicopathological
teatures (Tuble 2). The various regulatory functions and
potential mechanisms of LOXL1-AS1 in the process of
tumor progression are shown in Tible 3.

LOXIL1-AS1 in carcinomas

BC

BC is one of the most common malignancies today, and
drug resistance, metastasis and recurrence are the main
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influences that exacerbate the development of a malignant
prognosis in BC patients (49,50). Numerous studies have
shown that LOXL1-AS1 is overexpressed in various BC
cell lines and BC tissues such as MCF7, T47D, MDA-
MB-231, MDA-MB-468, BT549 and SKBR-3, the
overexpression level of LOXL1-AS1 is positively correlated
with Tumor Node Metastasis (TNM) stage and lymph node
metastasis of BC patients (26,27). Moreover, LOXL1-AS1
overexpression is able to regulate the phenotype of BC cells,
including cell proliferation, migration, invasion, apoptosis
and cell cycle (26,27).

GC

GC is the fourth leading cause of cancer deaths, it has
become an important global public health security issue (51).
Sun et al. (28) detected the expression level of LOXL1-
AS1 in 84 GC pathological tissues, respectively, and the
expression level of LOXL1-AS1 was increased compared
with that in normal tissues. LOXL1-AS1 expression levels
are also upregulated in MKN-45, AGS, SGC7901, MGC-
803 cells. It is worth noting that overexpressed LOXL1-AS1
was significantly associated with poor survival prognosis
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Table 1 The search strategy summary

Tang et al. Potential function of LOXL1-AS1 in tumors

ltems Specification

Date of search May 1°-June 1*' 2023

Databases and other sources searched PubMed/Embase

Search terms used ((LOXL1-AS1) AND ((cancer) OR (tumor) OR (neoplasm)))
Timeframe 2018-2023
Inclusion and exclusion criteria Inclusion criteria: Original Articles

Exclusion criteria: non-English language; Meta-Analyses; non-relevant Review Articles

Selection process Selection was made by M.T. and Y.R., who screened separately and individually, then pooled and
selected the common selected studies

LOXL1-AS1, lysyl oxidase-like protein 1-antisense RNA1.

Table 2 LOXL1-AS1 expression and clinicopathological features in cancers

Type of disease Expression Clinical features Ref
Breast cancer Upregulate TNM stage, lymph node metastasis (26,27)
Gastric cancer Upregulate Overall survival, poor prognosis (28)
Endometrial cancer Upregulate Menstruation, pathologic stage, lymph node metastasis, FIGO stage, overall (23)
survival, poor prognosis
Qvarian cancer Upregulate FIGO stage, distant metastasis, overall survival, poor prognosis (29,30)
Liver cancer Upregulate (24,31)
Cervical cancer Upregulate TNM stage, distant metastasis, lymph node metastasis, overall survival, poor  (32,33)
prognosis
Laryngocarcinoma Upregulate (34)
Glioma Upregulate Tumor pathological stage, overall survival, poor prognosis (85-37)
Prostate cancer Upregulate (38)
Lung cancer Upregulate Tumor pathological stage (39-41)
Osteosarcoma Upregulate Enneking stage, tumor size, distant metastasis, histological grade (42)
Colorectal cancer Upregulate  Tumor size, differentiation, TNM stage, lymph node metastasis, liver metastasis, (43,44)
MSI status

Pancreatic cancer Upregulate (45)
Esophageal squamous cell Upregulate Lymph node metastasis (46)
carcinoma

Renal cancer Upregulate (25)
Cholangiocarcinoma Upregulate Lymph node infiltration, TNM stage, overall survival, poor prognosis 47)
Thymoma/thymic carcinoma Upregulate (48)

LOXL1-AS1, lysyl oxidase-like protein 1-antisense RNA1; TNM, Tumor Node Metastasis; FIGO, Federation International of Gynecology

and Obstetrics; MSI, microsatellite instability.
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Table 3 Functions and mechanisms of LOXL1-AS1 in cancers

Disease type Cell lines Targets Pathway Functions Ref
Breast cancer MCF42, MDA-MB-7, MCF7, T47D, Mir-708-5p, mir-143- NF-xB Cell proliferation, migration, (26,27)
MCF65, MDA-MB-231, BT549, and  3p, EZH2, MAPK7, and invasion, apoptosis, and cell
SKBR-3 H3K27 cycle
Gastric cancer MKN-45, SGC7901, MGC-803, Mir-708-5p, USF1, and Cell proliferation, migration, (28)
AGS SOX2 epithelial-mesenchymal
transformation, and stemness
Endometrial cancer HAC-1A, KLE, Ishikawa, and RL- Mir-28-5p and RAP1B Cell proliferation, colony (23)
95-2 formation, apoptosis, invasion,

and migration

Ovarian cancer A2780, SKOV3, Caov-3, and Mir-18b-5p, DOCK4, and Cell proliferation, colony (29,30)
OVCAR3 VMA21 formation, invasion, and
migration
Liver cancer Hep-G2, SMMC7721, HCCLMS3, Mir-3614-5p, mir-377- Cell proliferation, migration, (24,31)
Huh-7, and SK-HEP-1 3p, YY1, and NFIB invasion, apoptosis, epithelial-

mesenchymal transformation
and cell cycle

Cervical cancer Hela, SiHa, CaSki, and ME-180 Mir-423-5p, mir-526b- ~ MEK/ERK  Cell proliferation, migration, (32,33)
5p, ENC1, LYPLA1, and invasion, and angiogenesis
Ki-67
Laryngocarcinoma  Tu-177, M4E, SNU-899, SNU-46, Mir-589-5p and mir-589- Cell proliferation, migration, (34)
and AMC-HN-8 5p epithelial-mesenchymal
transformation
Glioma HEK293T, U87, U251, Daoy, D283,  Mir-374b-5p, MMP14, NF-xB, Cell proliferation, migration, (85-37)
D425, D341, and D458 and RELB PI3K/AKT, colony formation, cell cycle,
MAPK apoptosis, and angiogenesis
Prostate cancer PC3, DU145, VCap, and 22RV1 Mir-541-3p, and CCND1 Cell proliferation and cell cycle (38)
Lung cancer H549, A1299, H1, SPC-A16, Mir-324-3p, mir-3128, Cell proliferation, invasion, (89-41)
H1299, A549, H520, H596, H1975, RHOXF2, mir-423-5p, and epithelial-mesenchymal
and SPC-A1 and MYBL2 transformation
Osteosarcoma MG63, U-2 OS, Saos-2, and HOS Cell proliferation and invasion (42)
Colorectal cancer HCT8, LoVo, SW620, Caco2, and Mir-708-5p, mir-1224-  PIBK/AKT  Cell proliferation, migration, (43,44)
SW1463 5p, mir-761, and HK2 invasion, apoptosis, and
glycolysis
Pancreatic cancer SW1990, BXPC-3, PANC-1,and  Mir-28-5p and SEMA7A CD44/  Cell proliferation and migration (45)
PaCa-2 EGFR
Esophageal KYSE30 and EC109 Desc1 Cell proliferation, migration, (46)
squamous cell invasion, apoptosis, and cell
carcinoma cycle
Renal cancer 786-0, A-498, and 769-P Mir-589-5p and CBX5 Cell proliferation and migration (25)
Cholangiocarcinoma RBE, HUCCT1, QBC939, Huh-28,  Mir-324-3p and ABCA3 Cell proliferation, migration 47)
and CCLP1 and invasion and apoptosis
Thymoma/thymic Thy0517, Ty-82 Mir-525-5p and HSPA9 Cell migration and apoptosis (48)

carcinoma

LOXL1-AS1, lysyl oxidase-like protein 1-antisense RNA1.
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in GC patients. This study confirmed that LOXL1-AS1
can regulate the proliferation and migration ability of GC
cells, promote the process of EMT and upregulate the stem
expression of GC cancer stem cells (CSCs) (28).
Endometrial cancer

Endometrial cancer is a malignant tumor originating from
the uterus and is one of the most common gynaecological
cancers (52). Despite the many clinical treatments currently
available for endometrial cancer, patient survival rates are
not yet satisfactory (53). One study reported that LOXL1-
AS1 expression was upregulated in both pathological
tissues and cells (HAC-1A, KLE, Ishikawa, RL-95-2)
of endometrial cancer patients (23). In addition, that
study showed that overexpression of LOXL1-AS1 was
significantly associated with menstruation, pathological
stage, lymph node metastasis and Federation International
of Gynecology and Obstetrics (FIGO) stage in endometrial
cancer patients. Patients with high LOXL1-AS1 expression
tend to have a poorer prognosis. LOXL1-AS1 has also been
shown to play a role in promoting proliferation, invasion,
migration, colony formation and apoptosis of endometrial
cancer cells.

ocC

OC is the most deadly malignancy of the gynaecological
system (54). Xue er al. (29) selected tissue samples from
45 OC patients and 4 OC cells for LOXL1-AS1 expression
verification, and the results showed that the expression
level of LOXL1-AS1 was increased. Prognostic analysis of
LOXL1-AS1 showed that patients with high LOXL1-AS1
expression were significantly associated with poorer overall
survival. In vitro experiments showed that the proliferation,
migration and invasion of OC cells such as A2780, SKOV3,
Caov-3 and OVCARS3 could be significantly inhibited when
LOXL1-AST1 expression was downregulated. Another study
showed that patients with epithelial OC had higher levels
of LOXL1-AS1 expression and shorter overall survival
compared to healthy groups, and that overexpressed LOXL1-
AS1 was significantly associated with advanced FIGO staging
and positive distant metastasis in OC patients (29).

Liver cancer

Liver cancer is the third leading cause of cancer death
worldwide and is a highly aggressive cancer, with
HCC being the most common type of primary liver
cancer (55). Feng et /. and Yu and Dai (24,31) examined
the expression levels of LOXL1-AS1 in normal and HCC
tissues by quantitative reverse transcriptase polymerase
chain reaction (qQRT-PCR) and showed that LOXL.1-AS1
was highly expressed in HCC tissues and was significantly
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and positively correlated with poor patient prognosis. In
addition, the experimenters focused on the regulatory role
of LOXL1-AS1 on the malignant phenotype of HCC cells,
such as LOXL1-AS1 could promote the proliferation,
migration and invasion ability of HCCLM1 and SK-
HEP-3 cells, and inhibit the apoptotic process. Similarly,
Liu et al. (56) showed that the expression level of LOXL1-
AS1 was upregulated in HCC tissues and HCC cells. When
LOXL1-AS1 expression was inhibited, the expression
levels of cell cycle-related proteins CDC2, CDC25A, and
Cyclin B1 were also inhibited, suggesting that LOXL1-
AS1 can also regulate the cell cycle progression of HCC
cells by inhibiting cell cycle proteins. In addition, iz vive
experiments showed that knockdown of LOXL1-AS1
significantly suppressed the tumor growth trend in nude
mice.

Cervical cancer

As the fourth largest type of malignant tumor in women,
cervical cancer has a huge potential threat to women’s health (57).
LOXL1-AS1 has been shown to be overexpressed in a
variety of cervical cancer cells and cervical cancer tissues,
acting as a cancer-promoting gene and predicting poor
prognosis (32). However, LOXL1-AS1 has also been
reported to have low expression levels in cervical squamous
cell carcinoma (CSCC) tissues (58). Overexpression of
LOXL1-AS1 is strongly associated with proliferation,
invasion, migration, and tumor-associated angiogenesis of
cervical cancer cells (33). Therefore, LOXI.1-AS1 is a novel
disease and prognostic marker for cervical cancer.
Laryngocarcinoma

Laryngocarcinoma is a common malignancy of the head
and neck. Although there are various clinical treatments
for early laryngeal cancer, including surgery, radiotherapy,
chemotherapy, etc., the prognosis of patients with advanced
laryngeal cancer is still worrying, and the 5-year survival
rate is less than 50% (59). A study showed that LOXLI-
AS1 expression is upregulated in laryngeal cancer cells
such as Tu-177, M4E, SNU-899, SNU-46, and AMC-
HN-8, and it is proved that LOXL1-AS1 can enhance the
proliferation and migration ability of laryngeal cancer cells
and promote the EMT process (34). At the same time,
in vivo experiments have also shown that overexpressed
LOXLI1-AS1 can accelerate the tumor formation rate of
laryngeal cancer and promote tumor development (34).
PCa

PCa is a malignant tumor that seriously threatens men’s
health (60). Studies have reported that LOXL1-AS1 can
be overexpressed in a variety of PCa cells, including PC3,
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DU145, VCap, and 22RV1 (61). In vitro experiments have
shown that when LOXL1-AS1 expression is inhibited, its
cell proliferation ability is also inhibited. And cell cycle-
related protein expression is downregulated, thereby
inhibiting cell cycle progression (38).

LC

LC remains the leading cause of cancer-related death
worldwide, with about 20,000 new patients diagnosed with
LC each year and dying within 75 years (62,63). Several
studies have shown that the expression level of LOXL1-
AS1 in various LC cell lines and LC tissues is upregulated,
and this expression degree is more correlated with tumor
advanced and metastasis (39,40). In addition, the results of
experiments involving cell function showed that LOXL1-
AS1 has the function of a cancer-promoting gene, which
can enhance the proliferation and aggressiveness of LC cells
and induce the process of EMT (41). When LOXL1-AS1
expression is inhibited, LC cells are more likely to undergo
apoptosis (40). Therefore, LOXL1-AS1 can accelerate the
tumor progression of LC.

CRC

CRC is one of the most common gastrointestinal
malignancies in humans, accounting for approximately
10% of global cancer incidence and mortality (64). In
recent years, studies have shown that LOXLI1-ASI is highly
expressed in HCTS8, LoVo, SW620, Caco2, SW1468,
SW480 CRC cells. It is also overexpressed in CRC tissues
and is associated with adverse clinicopathological features
such as tumor size, differentiation, TNM stage, and lymph
node metastasis. Further functional experiments showed
that LOXL1-AS1 could promote the progression of CRC
by enhancing the biological behaviors of CRC cells such as
proliferation, migration, invasion, colony formation, and
inhibition of apoptosis (43,44). The cancer-promoting effect
of LOXL1-AS1 has also been verified in vivo experiments,
and the tumorigenesis rate of xenograft models slows down
after LOXL1-AS1 is inhibited (44).

PC

PC is one of the deadliest cancers in the world, with a lack of
early symptoms, high metastasis and complex drug resistance
as the reasons for its high level of malignancy (65). LOXL1-
AS1 is a novel cancer-promoting functional molecule found
to be highly expressed in PC tissues and PC cells (SW1990,
BXPC-3, PANC-1, PaCa-2). LOXL1-AS1 promotes the
proliferation and migration of PC cells through a series of
complex regulatory mechanisms (45).

Esophageal cancer (EC)

EC is one of the diseases that threatens the health and
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safety of people around the world. ESCC and esophageal
adenocarcinoma (EAC) are its two main types, of which
ESCC is the main type of death from EC (66). Li ez al. (46)
obtained 45 pairs of ESCC and normal paracancerous
tissue samples to detect LOXL1-AS1 expression levels.
The results showed that LOXL1-AS1 was expressed at a
high level, especially in ESCC samples with lymph node
metastasis, and was also associated with poor survival in
patients. In addition, LOXL1-AS1 has been shown to have
a positive effect on the development of ESCC.

RCC

RCC is a malignant tumor that originates in the renal
parenchymal urinary tubular epithelial system, and is the
most common and highly malignant tumor of the urinary
system (67). LOXL1-AS1 has been shown to be a cancer-
promoting molecule with high expression in RCC species,
significantly more expressed in RCC tissues and RCC cells
such as 786-0, A-498 and 769-P (25). When LOXL1-AS1
is silenced, the proliferation and migration ability of RCC
cells is significantly inhibited, so LOXL1-AS1 has strong
carcinogenicity for RCC (25).

ccA

As one of the hepatobiliary malignant tumors, CCA has
a health threat that should not be underestimated, and
the 5-year prognosis is still not ideal (68). LOXL1-AS1
expression has been found to be upregulated in CCA cells.
Overexpression of LOXL1-AS1 was strongly associated
with shorter survival, advanced TNM stage, and lymph
node metastasis. Cell experiments on RBE, HuCCT,
QBC939, Huh-28 and CCLP1 showed that overexpression
of LOXL1-AS1 was also associated with enhancing tumor
cell proliferation, migration and invasion, and weakening
the apoptosis process (47).

Thymomal/thymic carcinoma

Thymic epithelial tumors (TETs) mainly refer to thymomas
that originate from thymic epithelial cells, with the
most malignant subtype being thymic carcinoma. Tissue
expression verification from 42 cases of thymoma and 28
cases of thymic carcinoma found that LOXL1-AS1 was
highly expressed in thymoma/thymic carcinoma, and its
expression level was positively correlated with the poor
prognosis of patients, and LOXL1-AS1 could accelerate the
malignant development of thymoma/thymic carcinoma (48).

LOXL1-AS1 in sarcomas

()

OS is a primary bone tumor that tends to occur in
adolescents and children, accounting for 1/5 of all primary
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bone tumors (69). Chen et a/. (42) used a multicenter
research method to obtain different bone tumor tissue
samples from two regions to detect the expression trend of
LOXL1-AS1 in OS. The expression level and functional
role of LOXL1-AS1 in several OS cells were observed
in vitro experiments. The above results showed that the
expression of LOXL1-AS1 was upregulated in OS and
could promote malignant functions such as proliferation
and migration. Overexpression of LOXL1-AS1 was
significantly positively correlated with poor OS levels, and
also significantly correlated with clinicopathological features
such as enneking stage, tumor size, distant metastasis, and
histological grade.

LOXIL1-AS1 in other solid tumors

Glioma

Glioma is one of the most common malignancies of the
nervous system, and glioblastoma is the most lethal and
recurrent of these, accounting for 57% of all gliomas (70).
There are currently limited effective treatments for gliomas,
so finding effective glioma biomarkers is a potential
treatment (71). Yi et 4. (35) showed that LOXL1-AS1 is
highly expressed in glioma tissue and a variety of glioma
cells. LOXL1-ASI acts as a prognostic marker for gliomas
and functions as a cancer-promoting gene (72). Notably,
LOXL1-AS1 has been shown to regulate angiogenesis in
gliomas (35). Medulloblastoma is the most malignant glioma
in the skull, mainly in children under 14 years of age (73).
It has been noted that LOXL1-AS1 is also overexpressed
in medulloblastoma tissues and is associated with the
degree of advanced malignancy of tumors (37). LOXL1-
AS1 is also a key mediator to mobilize medulloblastoma
proliferation and migration, while affecting apoptosis
and cell cycle progression. When LOXL1-AS1 in the
medulloblastoma xenograft model was silenced, tumor
growth was also significantly restricted (37). Retinoblasts
are intraocular malignancies that originate from glial cells
and occur much more in children than in adults (74).
Wu et al. (36) confirmed that LOXL1-AS1 is highly
expressed in retinoblast tissues and cells, has significant
carcinogenicity, can promote the proliferation and
migration of retinoblasts and inhibit apoptosis.

Mechanism of LOXL1-AS1 regulation of tumor
development

As a newly discovered oncogene, LOXL1-AS1 has been
reported to be widely involved in the mediation of key
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biological processes such as proliferation, invasion,
migration, and apoptosis of various types of cancer cells.
Here, we mainly provide current understanding of the
main biological functions and corresponding molecular
mechanisms of LOXL1-AS1. Figure 2 shows the mechanism
by which LOXL1-AS1 mediates different signaling
pathways to accelerate the development of multiple cancers.

LOXL1-AS1 regulates the proliferation and apoptosis
of tumor cells

A variety of malignant behaviors such as abnormal
proliferation, migration and invasion of tumor cells are
the main causes of death. LOXL1-ASI has been shown
to modulate the biological phenotypes of different
tumors through multiple mechanisms. There is multiple
evidence showing that LOXL1-AS1 can participate in
the regulation of proliferation and apoptosis during the
development of a variety of cancers. In GC cells, miR-
708-5p activates the proproliferative effect of IncRNA
LOXL1-AS1 by upregulating USF1 (28). Another study
showed that overexpression of LOXL1-AS1 could enhance
the proliferation of MCF-7 and MDA-MB-231, while
inhibiting apoptosis by upregulating the expression of
Bax and caspase-3 and downregulating the expression of
Bel-2 (27). A study showed that compared with ordinary
PCa cells, LOXL1-AS1 can be underexpressed in
doxorubicin-resistant PCa cell line DU-145, and epidermal
growth factor receptor (EGFR) expression is down-
regulated, while miR-let-7a-5p expression is up-regulated.
Further experiments showed that upregulation of LOXLI1-
AS1 could promote the proliferation of DOX/DU-
145 cells, and silence of LOXL1-AS1 gene significantly
inhibited the growth level of PCa cells in vivo. The
LOXL1-AS1/miR-let-7a-5p/EGFR axis significantly
affected the proliferation and apoptosis of the drug-
resistant strain DU-145 in PCa, which provides a potential
treatment strategy for patients with drug-resistant PCa (61).
In HCC cells, LOXL1-AS1 can upregulate YY1 expression
through sponge miR-3614-5p, exacerbating the malignant
behavior of HCC. Specifically, overexpressed YY1
transcription factor (YY1 TF) can completely reverse the
weakening of cell proliferation capacity and apoptosis activity
caused by LOXL1-AS1 inhibition (24). One study showed
that overexpressed LOXL1-AS1 is an important cancer-
promoting factor in CRC, and LOXL1-AS1 can promote
tumor cell proliferation and inhibit apoptosis by regulating
the miR-1224-5p/miR-761/HK2 signaling axis (24).
Similarly, there is evidence showing that LOXL1-AS1 can
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act as ceRNA of miR-324-3p to upregulate the expression
of ATP binding cassette subfamily A member 3 (ABCA3)
by spongylating miR-324-3p, thereby promoting the
proliferation of CCA cells such as RBE and CCLP1 and
attenuating apoptosis (47). In addition, Li er 4/. (46) found
that in ESCC cells, the expression level of LOXL.1-AS1 had
a strong positive correlation with the proliferation ability of
ESCC cells, and further studies showed that when LOXL1-
AS1 was silenced, the apoptosis program of ESCC cells
was significantly induced. One previous study showed that
LOXLI1-ASI expression is upregulated in glioblastoma, and
silence LOXL1-AS1 directly downregulates the expression
of RELB, a member of the nuclear factor kappa-B (NF-«B)
TF family, and can inhibit tumor cell proliferation (72).
At the same time, another study has also proposed that
when LOXL1-AS1 expression is down-regulated, it can
significantly inhibit the viability and colony formation
ability of D283 and D341 cells, causing G2/M phase
blockade and inducing apoptosis with blastoma cells (37).
For thymoma/thymic carcinoma, LOXL1-AS1 has been
shown to inhibit the apoptosis process of thymoma and
thymic carcinoma by targeting miR-525-5p (48).
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LOXL1-AS1 regulates invasion and migration of tumor
cells

The spread of tumor cells is the most dangerous process
in the development of tumors. When tumor cells form
clones in distant organs, they often cause serious damage
to the body (75,76). Therefore, the invasion and migration
of tumor cells is still one of the key targets of cancer
treatment (77). Dong er al. (26) found through in vitro
research that overexpression of LOXL1-AS1 can enhance
the migration and invasion ability of BC cells, while
knockdown LOXL1-AS1 reduces the migration and
invasion ability of BC cells. Further iz vivo studies have
shown that knocking out the LOXL1-AS1 gene inhibits BC
cell metastasis. Zhang et 4. (32) showed that overexpression
of LOXL1-AS1 in cell carcinoma (CC) tissues and cells can
promote its malignant phenotype of invasion and migration.
Another study pointed out that the expression level of
LOXL1-ASI in CSCC is down-regulated, which leads to
the downregulation of Ras homologous family member B
(RHOB) gene expression, and RHOB can be used as a direct
target for miR-21, and RHOB expression in CSCC cells is
immediately downregulated after miR-21 overexpression.
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Therefore, LOXL1-AS1 may upregulate RHOB by
modulating miR-21, thereby promoting invasion and
migration of CSCC cells (58). In addition, LOXL1-AS1 has
also been observed to be overexpressed in OS tissues and cell
lines, which enhances the invasion and migration capacity
of OS cells by activating the PI3K-AKT pathway (42).
Similarly, LOXLI-ASI can also promote the invasion and
migration of cells of various types of cancer including
pancreatic, HCC, RCC, CC, etc. (24,25,33,42).

LOXL1-AS1 regulates EMT progression and cell cycle
in tumor cells

EMT is recognized as an important link affecting
tumorigenesis and development (78,79). Its progression
is closely related to the activation and expression of
many regulatory factors or signaling pathways, such as
transforming growth factor-B (T'GF-B), induced EMT TFs,
WNT/B-catenin, etc. This process weakens the epithelial
characteristics of tumor cells, and tends to the expression
of mesenchymal cell phenotypic genes, reconstructs the
cytoskeleton and cell shape, and ultimately enhances the
migration and invasion ability of tumor cells (80-83). The
cell cycle is a highly regulated process that promotes cell
growth, replication of genetic material, and cell division,
but when overactivated, its mechanisms are often a trigger
for tumor development (84-86). In recent years, LOXL1-
AS1 has been found to play an important role in regulating
EMT and cell cycle processes in a variety of cancers. In GC,
when LOXL1-AS1 expression is downregulated, the EMT
process is inhibited, and the western blot results show up-
regulation of E-cadherin expression and down-regulation
of Vimentin expression (28). Yu and Dai (31) found that
low-expression LOXL1-AS1 could upregulate E-cadherin
expression and down-regulate N-cadherin in SK-HEP-1
and Hep3B hepatoma cells, so overexpressed LOXL1-
AS1 could promote the EMT process of hepatoma cells.
In another study on hepatoma cell cycle analysis, LOXL1-
AS1 was found to significantly induce G1/G2 phase arrest
in hepatoma cells at low levels, which is attributed to
inhibition of CDC25, CDCI1A, and cyclin B expression (56).
In NSCLC, overexpressed LOXL1-AS1 upregulates
N-cadherin and Vimentin expression by regulating miR-
324-3p, inducing EMT occurrence in NSCLC cells. At
the same time, it increases cyclin D1 expression levels (41).
LOXL1-AST1 has also been shown to promote the progression
of EMT in laryngeal cancer cells (34). In addition, when
LOXL1-ASI expression in PCa cells is inhibited, it will lead
to a decrease in the expression of CCND1 and a hindered
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cell cycle progression (38). A study has shown that knocking
down the expression level of LOXL1-AS1 in ESCC cells can
increase the percentage of G1 phase in the ESCC cell cycle,
while reducing the proportion of S phase, causing cell cycle
arrest (46). In addition, LOXL.1-AS1 has been shown to
have the ability to regulate cell cycle progression in BC and
reticuloblastoma (27,36).

LOLX1-AS1 as a novel cancer diagnostic and prognostic

marker

Cancer markers are of high clinical value for understanding
and controlling the development of tumor malignancy, they
are key to the discovery and development of novel cancer
therapies, and they are a key element in clinical practice
(87-89). Cancer markers can be categorized as predictive,
diagnostic, and prognostic depending on the application.
Accurate diagnostic and prognostic markers are not only
clinically important for the detection of early-stage tumors,
but also for predicting tumor recurrence or progression
(90,91). Numerous tumor-related studies have pointed
out that LOXL1-AS1 is generally overexpressed in cancer
tissues, which can distinguish tumor tissues from normal
tissues more specifically, making it have obvious advantages
in early diagnosis of tumors (26,28,30).

In addition, overexpression of LOXL1-AS1 is strongly
associated with more advanced tumor stage or grade, early
lymph node metastasis, tumor size, and adverse overall
survival, which provides strong evidence for the prognostic
predictive power of LOXL1-AS1 in a variety of cancers,
such as GC, endometrial cancer, RCC, glioma, and
CCA (23,28,32,47). Therefore, LOXL1-AS1 combined
with related clinicopathological features can be used as
independent prognostic indicators for multiple cancer types.

LOXLI1-AS1 as a potential cancer therapeutic target

LncRNAs have been pointed out in the important role of
IncRNAs in the development of cancer, and they can be used
as biomarkers of cancer. Recently, IncRNAs called LOXL1-
AS1 have been active in the field of view of targeted cancer
therapy, which is involved in the growth and development
of a variety of cancers by regulating multiple mechanisms,
including promoting tumor cell proliferation, invasion,
migration, colony formation, EMT progression, cell cycle,
stemness characteristics, tumor-associated angiogenesis,
and inhibition of apoptosis. In addition, a series of studies
exploring the molecular mechanism of LOXL1-AS1 have
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confirmed that LOXL1-AS1 acts as a tumor promoter
and cancer-promoting functional molecule by regulating
the activity of key target genes and influencing multiple
important signaling pathways, which makes it a potential
therapeutic target for many cancers, including PCa, HCC,
BC, CRC and NSCLC (24,27,38,39,43). Therefore,
given the multiple biological functions of LOXL1-ASI,
it is necessary to further explore its cancer-promoting
mechanism to better move towards the new stage of tumor
targeted therapy.

Discussion

LOXL1-ASI is a novel IncRNA discovered in recent years,
which is overexpressed as a cancer-promoting gene in many
types of human tumors. LOXL1-AS1 affects a variety of
tumor biological functions and is closely related to the
clinicopathological features and poor prognosis of cancer
patients, suggesting that LOXL1-AS1 can be used as a new
marker for clinical diagnosis and prognosis assessment of
cancer. First, LOXIL.1-AS1 can be used as ceRNA to bind to
a variety of miRNAs to regulate downstream target genes,
thereby exerting cancer-promoting effects iz vitro and
in vivo. LOXL1-AS1 is involved in a number of biological
processes and plays a vital role, including promoting tumor
cell proliferation, invasion, migration, cell cycle, EMT,
stem characteristics, angiogenesis and inhibition of tumor
cell apoptosis, and enhancing chemotherapy resistance,
which suggest that targeted inhibition of LOXL1-AS1 may
be an effective cancer treatment. Second, overexpressed
LOXLI1-AST is significantly associated with adverse
clinicopathological features and poor survival prognosis in a
variety of cancers, including tumor stage and grade, tumor
size, lymph node metastasis, and poor prognostic outcomes.
These associations reveal the potential of LOXL1-AS1
as a prognostic biomarker, and its predictive prognostic
ability will confer more positive guidance on novel tumor
treatments. Although the biological function of IncRNAs,
including LOXL1-AS1, has made some progress, it is still
in the pre-clinical application stage and has limitations
for clinical practice. Therefore, there is an urgent need to
further explore the underlying molecular mechanism by
which LOXL1-AS1 regulates malignant biological behavior
in tumor cells and is used in cancer treatment. It is worth
noting that this study also has some limitations, this study
mainly provides information about the role of IncRNA
LOXL1-AS1 in different types of cancers, and lacks further
expansion by exploring the progression of LOXL1-AS1-
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targeted miRNAs and genes in a variety of cancers and the
correlation with them, which will be our next step.

Conclusions

In conclusion, LOXL1-AS1 is a multifunctional cancer-
promoting molecule that holds promise as a novel
biomarker for the diagnosis and treatment of cancer and has
great potential as an independent prognostic indicator.

Acknowledgments

We would like to thank Key Laboratory of Molecular
Diagnostics and Precision Medicine for Surgical Oncology
in Gansu Province, and General Surgery Clinical Medical
Center of Gansu Provincial Hospital for their contributions.
Funding: This work was supported by grants from National
Natural Science Foundation of China (No. 82360498),
Gansu Joint Scientific Research Fund Major Project (No.
23JRRA1537), Key Talent Project of Gansu Province of
the Organization Department of Gansu Provincial Party
Committee (No. 2020RCXMO076), Gansu Provincial Youth
Science and Technology Fund Program (No. 21JR7RA642),
and Non-profit Central Research Institute Fund of Chinese
Academy of Medical Sciences (No. 21GSSYC-2).

Footnote

Reporting Checklist: The authors have completed the
Narrative Review reporting checklist. Available at https://
ter.amegroups.com/article/view/10.21037/tcr-23-1450/rc

Peer Review File: Available at https://tcr.amegroups.com/
article/view/10.21037/tcr-23-1450/prf

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at https://tcr.amegroups.
com/article/view/10.21037/tcr-23-1450/coif). The authors
have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International

Transl Cancer Res 2024;13(4):1997-2011 | https://dx.doi.org/10.21037/ter-23-1450


https://tcr.amegroups.com/article/view/10.21037/tcr-23-1450/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-23-1450/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-23-1450/prf
https://tcr.amegroups.com/article/view/10.21037/tcr-23-1450/prf
https://tcr.amegroups.com/article/view/10.21037/tcr-23-1450/coif
https://tcr.amegroups.com/article/view/10.21037/tcr-23-1450/coif

2008

License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Mao JJ, Pillai GG, Andrade CJ, et al. Integrative oncology:
Addressing the global challenges of cancer prevention and
treatment. CA Cancer J Clin 2022;72:144-64.

2. Bailey C, Shoura M]J, Mischel PS, et al. Extrachromosomal
DNA-relieving heredity constraints, accelerating tumour
evolution. Ann Oncol 2020;31:884-93.

3. Jassim A, Rahrmann EP, Simons BD, et al. Cancers make
their own luck: theories of cancer origins. Nat Rev Cancer
2023;23:710-24.

4. Haffner MC, Zwart W, Roudier MP, et al. Genomic and
phenotypic heterogeneity in prostate cancer. Nat Rev Urol
2021;18:79-92.

5. Satpathy M, Wang L, Zielinski RJ, et al. Targeted Drug
Delivery and Image-Guided Therapy of Heterogeneous
Opvarian Cancer Using HER2-Targeted Theranostic
Nanoparticles. Theranostics 2019;9:778-95.

6. Selim JH, Shaheen S, Sheu WC, et al. Targeted and novel
therapy in advanced gastric cancer. Exp Hematol Oncol
2019;8:25.

7.  Myer NM, Shitara K, Chung HC, et al. Evolution of
predictive and prognostic biomarkers in the treatment
of advanced gastric cancer. ] Cancer Res Clin Oncol
2022;148:2023-43.

8.  Sheykhhasan M, Ahmadyousefi Y, Seyedebrahimi R, et
al. DLX6-AS1: a putative IncRNA candidate in multiple
human cancers. Expert Rev Mol Med 2021;23:e17.

9. Pan ], Meng X, Jiang N, et al. Insights into the Noncoding
RNA-encoded Peptides. Protein Pept Lett 2018;25:720-7.

10. Yang L, FuJ, Zhou Y. Circular RNAs and Their Emerging
Roles in Immune Regulation. Front Immunol 2018;9:2977.

11. Sheykhhasan M, Tanzadehpanah H, Ahmadieh Yazdi A, et
al. FLVCR1-AS1 and FBXL.19-AS1: Two Putative IncRNA
Candidates in Multiple Human Cancers. Noncoding RNA
2022;9:1.

12. Slack FJ, Chinnaiyan AM. The Role of Non-coding RNAs
in Oncology. Cell 2019;179:1033-55.

13. Hiittenhofer A, Schattner P, Polacek N. Non-coding
RNAs: hope or hype? Trends Genet 2005;21:289-97.

14. Singh D, Rai V, Agrawal DK. Non-Coding RNAs in

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Tang et al. Potential function of LOXL1-AS1 in tumors

Regulating Plaque Progression and Remodeling of
Extracellular Matrix in Atherosclerosis. Int ] Mol Sci
2022;23:13731.

Bridges MC, Daulagala AC, Kourtidis A. LNCcation:
IncRNA localization and function. J Cell Biol
2021;220:€202009045.

Mercer TR, Dinger ME, Mattick JS. Long non-

coding RNAs: insights into functions. Nat Rev Genet
2009;10:155-9.

Tan YT, Lin JF, Li T, et al. LncRNA-mediated
posttranslational modifications and reprogramming of
energy metabolism in cancer. Cancer Commun (Lond)
2021;41:109-20.

Yao ZT, Yang YM, Sun MM, et al. New insights into the
interplay between long non-coding RINAs and RNA-
binding proteins in cancer. Cancer Commun (Lond)
2022;42:117-40.

Lin W, Zhou Q, Wang CQ, et al. LncRNAs regulate
metabolism in cancer. Int J Biol Sci 2020;16:1194-206.
Wang L, Li B, Bo X, et al. Hypoxia-induced LncRNA
DACT3-AS1 upregulates PKM2 to promote metastasis in
hepatocellular carcinoma through the HDAC2/FOXA3
pathway. Exp Mol Med 2022;54:848-60.

Shen D, Li ], Tao K, et al. Long non-coding RNA
MCM3AP antisense RNA 1 promotes non-small cell lung
cancer progression through targeting microRNA-195-5p.
Bioengineered 2021;12:3525-38.

Zhou C, Duan S. The Role of Long Non-Coding

RNA NNT-AS1 in Neoplastic Disease. Cancers (Basel)
2020;12:3086.

Yang X, Xing G, Liu S, et al. LncRNA LOXLI1-AS1
promotes endometrial cancer progression by sponging
miR-28-5p to upregulate RAP1B expression. Biomed
Pharmacother 2020;125:109839.

Feng Z, Ye Z, Xie ], et al. Study on the mechanism

of LOXL1-AS1/miR-3614-5p/YY1 signal axis in the
malignant phenotype regulation of hepatocellular
carcinoma. Biol Direct 2021;16:24.

Wu C, Zhang J. Long non-conding RNA LOXL1-AS1
sponges miR-589-5p to up-regulate CBX5 expression in
renal cell carcinoma. Biosci Rep 2020;40:BSR20200212.
Dong HT, Liu Q, Zhao T, et al. Long Non-coding
RNA LOXL1-AS1 Drives Breast Cancer Invasion and
Metastasis by Antagonizing miR-708-5p Expression and
Activity. Mol Ther Nucleic Acids 2020;19:696-705.

Li GH, Yu JH, Yang B, et al. LncRNA LOXL1-AS1
inhibited cell proliferation, migration and invasion as well

as induced apoptosis in breast cancer via regulating miR-

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2024;13(4):1997-2011 | https://dx.doi.org/10.21037/ter-23-1450


https://creativecommons.org/licenses/by-nc-nd/4.0/

Translational Cancer Research, Vol 13, No 4 April 2024

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

© Translational Cancer Research. All rights reserved.

143-3p. Eur Rev Med Pharmacol Sci 2019;23:10400-9.
Sun Q, LiJ, Li F, et al. LncRNA LOXL1-AS1 facilitates
the tumorigenesis and stemness of gastric carcinoma via
regulation of miR-708-5p/USF1 pathway. Cell Prolif
2019;52:e12687.

Xue F, Xu YH, Shen CC, et al. Non-coding RNA
LOXL1-AS1 exhibits oncogenic activity in ovarian cancer
via regulation of miR-18b-5p/VMAZ21 axis. Biomed
Pharmacother 2020;125:109568.

Liu CN, Zhang HY. Serum IncRNA LOXL1-AS1 is a
diagnostic and prognostic marker for epithelial ovarian
cancer. ] Gene Med 2020;22:e3233.

Yu W, Dai Y. IncRNA LOXL1-AS1 promotes liver cancer
cell proliferation and migration by regulating the miR-
377-3p/NFIB axis. Oncol Lett 2021;22:624.

Zhang P, Zhao F, Jia K, et al. The LOXL1 antisense
RNA 1 (LOXL1-AS1)/microRNA-423-5p (miR-423-
5p)/ectodermal-neural cortex 1 (ENC1) axis promotes
cervical cancer through the mitogen-activated protein
kinase (MEK)/extracellular signal-regulated kinase (ERK)
pathway. Bioengineered 2022;13:2567-84.

Zhang Y, Zheng M, Zhang L, et al. LncRNA LOXL1-AS1
Facilitates the Oncogenic Character in Cervical Cancer
by the miR-526b-5p /LYPLAI Axis. Biochem Genet
2022;60:1298-312.

He G, Yao W, Li L, et al. LOXL1-AS1 contributes to

the proliferation and migration of laryngocarcinoma

cells through miR-589-5p/TRAF6 axis. Cancer Cell Int
2020;20:504.

Yi B, Li H, Cai H, et al. LOXL1-AS1 communicating
with TTAR modulates vasculogenic mimicry in glioma via
regulation of the miR-374b-5p/MMP14 axis. ] Cell Mol
Med 2022;26:475-90.

Wu W, Zhang Y, Xu C, et al. LncRNA LOXL1-AS1
promotes proliferation and invasion and inhibits apoptosis
in retinoblastoma by regulating the MAPK signaling
pathway. Mol Cell Biochem 2023. [Epub ahead of print].
doi: 10.1007/s11010-023-04774-4.

Gao R, Zhang R, Zhang C, et al. LncRNA LOXL1-

AS1 Promotes the Proliferation and Metastasis of
Medulloblastoma by Activating the PI3K/AKT Pathway.
Anal Cell Pathol (Amst) 2018;2018:9275685.

Long B, Li N, Xu XX, et al. Long noncoding RNA LOXL1-
AS1 regulates prostate cancer cell proliferation and cell cycle
progression through miR-541-3p and CCND1. Biochem
Biophys Res Commun 2018;505:561-8.

Zhao L, Zhang X, Guo H, et al. LOXL1-AS1 Contributes
to Non-Small Cell Lung Cancer Progression by

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

2009

Regulating miR-3128/RHOXF?2 Axis. Onco Targets Ther
2020;13:6063-71.

Li W, Zhang B, Jia Y, et al. LncRNA LOXL1-AS1
regulates the tumorigenesis and development of lung
adenocarcinoma through sponging miR-423-5p and
targeting MYBL2. Cancer Med 2020;9:689-99.

Xie N, Fei X, Liu S, et al. LncRNA LOXL1-AS1
promotes invasion and proliferation of non-small-cell lung
cancer through targeting miR-324-3p. Am J Transl Res
2019;11:6403-12.

Chen S, Li W, Guo A. LOXL1-AS1 predicts

poor prognosis and promotes cell proliferation,

migration, and invasion in osteosarcoma. Biosci Rep
2019;39:BSR20190447.

Wu X, Cui F, Chen Y, et al. Long Non-Coding RNA
LOXL1-AS1 Enhances Colorectal Cancer Proliferation,
Migration and Invasion Through miR-708-5p/CD44-
EGEFR Axis. Onco Targets Ther 2020;13:7615-27.

Guo T, Peng S, Liu D, et al. Long Non-coding RNA
LOXL1-AS1 Facilitates Colorectal Cancer Progression via
Regulating miR-1224-5p/miR-761/HK2 Axis. Biochem
Genet 2022;60:2416-33.

LiuY, Guo C, Li F, et al. LncRNA LOXI.1-AS1/miR-28-
5p/SEMATA axis facilitates pancreatic cancer progression.
Cell Biochem Funct 2020;38:58-65.

Li H, ChuJ, Jia J, et al. LncRNA LOXL1-AS1 promotes
esophageal squamous cell carcinoma progression by
targeting DESCI. J Cancer 2021;12:530-8.

Zhang B, Zhou M, Zou L, et al. Long non-coding

RNA LOXL1-AS1 acts as a ceRNA for miR-324-3p

to contribute to cholangiocarcinoma progression via
modulation of ATP-binding cassette transporter Al.
Biochem Biophys Res Commun 2019;513:827-33.
Wang J, Huang H, Zhang X et al. LOXL1 AS1 promotes
thymoma and thymic carcinoma progression by regulating
miR 525 5p HSPA9. Oncol Rep 2021;45:117.

Harbeck N, Penault-Llorca F, Cortes J, et al. Breast
cancer. Nat Rev Dis Primers 2019;5:66.

Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics
2020: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA Cancer J
Clin 2021;71:209-49.

Siegel RL, Miller KD, Wagle NS, et al. Cancer statistics,
2023. CA Cancer J Clin 2023;73:17-48.

Restaino S, Paglietti C, Arcieri M, et al. Management of
Patients Diagnosed with Endometrial Cancer: Comparison
of Guidelines. Cancers (Basel) 2023;15:1091.

Crosbie EJ, Kitson S], McAlpine JN, et al. Endometrial

Transl Cancer Res 2024;13(4):1997-2011 | https://dx.doi.org/10.21037/ter-23-1450



2010

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

© Translational Cancer Research. All rights reserved.

cancer. Lancet 2022;399:1412-28.

Ma H, Tian T, Cui Z. Targeting ovarian cancer stem cells:
a new way out. Stem Cell Res Ther 2023;14:28.

Huang DQ), Singal AG, Kono Y, et al. Changing global
epidemiology of liver cancer from 2010 to 2019: NASH

is the fastest growing cause of liver cancer. Cell Metab
2022;34:969-977..e2.

Liu J, Zhai C, Liu D, et al. The Long Noncoding RNA
LOXL1-AS1 Promotes the Proliferation, Migration, and
Invasion in Hepatocellular Carcinoma. Anal Cell Pathol
(Amst) 2020;2020:4182092.

Liu C, Li X, Huang Q, et al. Single-cell RNA-sequencing
reveals radiochemotherapy-induced innate immune
activation and MHC-IT upregulation in cervical cancer.
Signal Transduct Target Ther 2023;8:44.

Bai H, Li X, Wu S. Up-regulation of long non-coding
RNA LOXLI1-AS1 functions as an oncogene in cervical
squamous cell carcinoma by sponging miR-21. Arch
Physiol Biochem 2023;129:143-7.

He FY, Liu HJ, Guo Q, et al. Reduced miR-300 expression
predicts poor prognosis in patients with laryngeal
squamous cell carcinoma. Eur Rev Med Pharmacol Sci
2017;21:760-4.

Rizzo A, Santoni M, Mollica V, et al. Microbiota and
prostate cancer. Semin Cancer Biol 2022;86:1058-65.

Bai T, Liu Y, Li B. LncRNA LOXL1-AS1/miR-let-7a-
5p/EGFR-related pathway regulates the doxorubicin
resistance of prostate cancer DU-145 cells. [IUBMB Life
2019;71:1537-51.

Thai AA, Solomon BJ, Sequist LV, et al. Lung cancer.
Lancet 2021;398:535-54.

Svoboda E. Artificial intelligence is improving the
detection of lung cancer. Nature 2020;587:520-2.

Andrei P, Battuello P, Grasso G, et al. Integrated
approaches for precision oncology in colorectal cancer:
The more you know, the better. Semin Cancer Biol
2022;84:199-213.

Xie W, Chu M, Song G, et al. Emerging roles of long
noncoding RNAs in chemoresistance of pancreatic cancer.
Semin Cancer Biol 2022;83:303-18.

Morgan E, Soerjomataram I, Rumgay H, et al. The Global
Landscape of Esophageal Squamous Cell Carcinoma and
Esophageal Adenocarcinoma Incidence and Mortality in 2020
and Projections to 2040: New Estimates From GLOBOCAN
2020. Gastroenterology 2022;163:649-658.¢2.

Li A, Cao C, Gan Y, et al. ZNF677 suppresses renal cell
carcinoma progression through N6-methyladenosine and
transcriptional repression of CDKN3. Clin Transl Med

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Tang et al. Potential function of LOXL1-AS1 in tumors

2022;12:e906.

Liao W, Feng Q, Liu H, et al. Circular RNAs in
cholangiocarcinoma. Cancer Lett 2023;553:215980.
Meltzer PS, Helman LJ. New Horizons in the Treatment
of Osteosarcoma. N Engl ] Med 2021;385:2066-76.
Weller M, Le Rhun E. How did lomustine become
standard of care in recurrent glioblastoma? Cancer Treat
Rev 2020;87:102029.

Bjorkblom B, Wibom C, Eriksson M, et al. Distinct
metabolic hallmarks of WHO classified adult glioma
subtypes. Neuro Oncol 2022;24:1454-68.

Wang H, Li L, Yin L. Silencing LncRNA LOXL1-AS1
attenuates mesenchymal characteristics of glioblastoma
via NF-kB pathway. Biochem Biophys Res Commun
2018;500:518-24.

Luo Z, Xia M, Shi W, et al. Human fetal cerebellar cell
atlas informs medulloblastoma origin and oncogenesis.
Nature 2022;612:787-94.

Chai P, Jia R, Li 'Y, et al. Regulation of epigenetic
homeostasis in uveal melanoma and retinoblastoma. Prog
Retin Eye Res 2022;89:101030.

Trepat X, Chen Z, Jacobson K. Cell migration. Compr
Physiol 2012;2:2369-92.

Guo BH, Feng Y, Zhang R, et al. Bmi-1 promotes invasion
and metastasis, and its elevated expression is correlated
with an advanced stage of breast cancer. Mol Cancer
2011;10:10.

Fan L, Zhang Y, Zhou Q, et al. Casticin inhibits

breast cancer cell migration and invasion by down-
regulation of PI3K/Akt signaling pathway. Biosci Rep
2018;38:BSR20180738.

Chen HT, Liu H, Mao M], et al. Crosstalk between
autophagy and epithelial-mesenchymal transition and its
application in cancer therapy. Mol Cancer 2019;18:101.
Akhmetkaliyev A, Alibrahim N, Shafiee D, et al. EM'T/
MET plasticity in cancer and Go-or-Grow decisions in
quiescence: the two sides of the same coin? Mol Cancer
2023;22:90.

McCabe EM, Rasmussen TP. IncRNA involvement in
cancer stem cell function and epithelial-mesenchymal
transitions. Semin Cancer Biol 2021;75:38-48.

Su J, Morgani SM, David CJ, et al. TGF-p orchestrates
fibrogenic and developmental EMT5 via the RAS effector
RREBI. Nature 2020;577:566-71.

Stemmler MP, Eccles RL, Brabletz S, et al. Non-
redundant functions of EMT transcription factors. Nat
Cell Biol 2019;21:102-12.

Hashemi M, Hasani S, Hajimazdarany S, et al. Biological

Transl Cancer Res 2024;13(4):1997-2011 | https://dx.doi.org/10.21037/ter-23-1450



Translational Cancer Research, Vol 13, No 4 April 2024

functions and molecular interactions of Wnt/B-catenin

2011

Rev Clin Oncol 2021;18:473-87.

in breast cancer: Revisiting signaling networks. Int J Biol 88. Abbas M, Habib M, Naveed M, et al. The relevance of
Macromol 2023;232:123377. gastric cancer biomarkers in prognosis and pre- and post-
84. Liu], Peng Y, Wei W. Cell cycle on the crossroad of chemotherapy in clinical practice. Biomed Pharmacother
tumorigenesis and cancer therapy. Trends Cell Biol 2017;95:1082-90.
2022;32:30-44. 89. Al-Tashi Q, Saad MB, Muneer A, et al. Machine Learning
85. Icard P, Fournel L, Wu Z, et al. Interconnection between Models for the Identification of Prognostic and Predictive
Metabolism and Cell Cycle in Cancer. Trends Biochem Sci Cancer Biomarkers: A Systematic Review. Int ] Mol Sci
2019;44:490-501. 2023;24:7781.
86. Roy D, Sheng GY, Herve S, et al. Interplay between 90. Huang PS, Wang LY, Wang YW, et al. Evaluation and
cancer cell cycle and metabolism: Challenges, targets Application of Drug Resistance by Biomarkers in the
and therapeutic opportunities. Biomed Pharmacother Clinical Treatment of Liver Cancer. Cells 2023;12:869.
2017;89:288-96. 91. Patel SP, Kurzrock R. PD-L1 Expression as a Predictive

87.

Nakamura Y, Kawazoe A, Lordick F, et al. Biomarker-
targeted therapies for advanced-stage gastric and gastro-

oesophageal junction cancers: an emerging paradigm. Nat

Biomarker in Cancer Immunotherapy. Mol Cancer Ther
2015;14:847-56.

Cite this article as: Tang M, Rong Y, Liu S, Wu Z, Ma G, Li
X, Cai H. Potential role of IncRNA LOXL1-AS1 in human
cancer development: a narrative review. Transl Cancer Res

2024;13(4):1997-2011. doi: 10.21037/tcr-23-1450

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2024;13(4):1997-2011 | https://dx.doi.org/10.21037/ter-23-1450



