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Abstract

Long-chain non-coding RNA HOXA11 antisense RNA (HOXA11-AS) is a kind
of IncRNA discovered in recent years. Long-chain non-coding RNA (LncRNA)
is an important regulatory factor of protein-coding genes, especially the dis-
order of LncRNA in more and more diseases which are found, including can-
cer. HOXA11-AS was first discovered in mouse embryo cDNA library using
probes, and then it was discovered by scholars and played an important role
in human cervical cancer, gastric cancer, glioma and other malignant tumor
cells. Overexpression of HOXA11-AS has been found to promote cell prolife-
ration, migration and tumor invasion, and has a carcinogenic effect. HOXA11-
AS can promote tumor proliferation, metastasis and other malignant biologi-
cal behaviors by interacting with miRNA and EZH2 protein, and is consi-
dered to be carcinogenic IncRNA. The discovery of HOXA11-AS provides new
ideas for tumor prevention and treatment.
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1. Introduction

In 1995, Potter et al found that the antisense strand of HOXAIl can encode mul-
tiple transcripts when studying the effect of HOXAIl gene on mouse fertility
function [1]. In the human genome, more than 80.4% of genes can be transcribed,
and only 2% of the transcripts can be further translated into proteins. The re-
maining massive transcripts are called noncoding RNA (ncRNA) [2]. Long non-
coding RNA (10 ng noncoding RNA, IncRNA) refers to noncoding RNA with a
length of more than 200 nucleotides [3]. In the past ten years, more and more
studies have shown that IncRNA has very important biological functions in tu-

mors and non-tumor diseases, and can regulate many pathophysiological pro-
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cesses. Yuan et al. [4] found that IncRNA ATB regulates the expression of ZEB1/2
through the mechanism of competitive endogenous RNA (ceRNA) adsorption of
miR-200 family in liver cancer, and promotes the epithelium of liver cancer cells.
Mesenchymal transition (epithelial-mesenchymal transition, EMT) further en-
hances the invasion ability of liver cancer cells; and IncRNA-ATB can bind to
iL-1ImRNA and induce IL-11 autocrine, activate STAT3 signaling pathway to
promote the colonization of metastatic liver cancer cells. Long et al [5] found
that IncRNA Tugl is significantly low expressed in podocytes in diabetic mice,
IncRNA-Tugl binds to the specific binding site upstream of the Ppargcla gene,
enhances promoter activity, and promotes peroxisome proliferation without ac-
tivation of receptor r (PPARr). The expression of agent a (PGC-1a), thereby im-
proving the damage of podocyte mitochondria in a high-glycemic environment,
thus may alleviate the progression of diabetes.

HOZXAII-AS is a newly discovered long-chain non-coding RNA. In recent years,
HOXAI11-AS has received extensive attention in both oncology and non-tumor
fields. In malignant tumors, a large number of studies have shown that the ex-
pression level of HOXA11-AS in tumor tissues is significantly increased, and it
has the effect of promoting tumor occurrence and development: but there are
also a few reports showing that HOXA11-AS exhibits low expression in some
tumor tissues, which can inhibit The function of tumor development [6]. In non-
neoplastic diseases, HOXA11-AS inhibits the proliferation of chondrocytes and
can induce their apoptosis, leading to delayed fracture healing [7]. In addition,
HOXA11-AS promotes the inflammatory response during the formation of ca-
rotid arteries, leading to the progression of diabetic carotid arteries [8]. In addi-
tion, HOXAII-AS promotes the differentiation of adipose stem cells into adipo-
cytes and the deposition of fat in cells, thus leading to the occurrence of obesity
[9]. HOXAII-AS has different biological characteristics in different diseases and
different tissues, which perfectly interprets the tissue and cell specificity of IncRNA
[10]. This article reviews the existing research on HOXA11-AS, and provides
references for further research on the relationship between HOXA11-AS and ma-

lignant tumors.

2. Epithelial Ovarian Cancer

Epithelial ovarian cancer has the highest mortality rate among reproductive sys-
tem tumors, and HOXAIL is related to reproductive ability [11], and the expres-
sion level of HOXA11-AS in the endometrium is regulated by progesterone [12],
so it is first thought of HOXAII-AS may play a special physiological function in
reproductive system tumors. Richards et al [13] believed that single nucleotide
polymorphisms (SNPs) can affect HOXA11-AS and inhibit the growth of ova-
rian cancer; experimental studies by Kim et a/ [14] confirmed that HOXA11-AS
is abnormally high in cervical cancer Expressed and overexpressed HOXA11-AS
can promote the proliferation and invasion and metastasis of cervical cancer

tumor cells, and regulate the cell stemness and epithelial mesenchymal process
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of tumor cells. At the same time, HOXA11-AS can be used as an independent
assessment of the overall survival of cervical cancer patients. Factors; found in
osteosarcoma: HOXA11-AS can promote the proliferation of osteosarcoma cells
through the interaction of HOXA11-AS/miR-124-3p/ROCK]1 signaling axis [15]
[16]. In fact, epithelial ovarian cancer is the first disease to be shown to be re-
lated to HOXA11-AS. Richards et al [17] analyzed the genome-wide joint data
of 1201 serous ovarian cancer cases and 2009 healthy controls and showed that
there is a mutation (A > T) at the rsl7427875 locus of an exon in HOXAII-AS.
This locus variation It is related to the risk of serous ovarian cancer; after this
site is mutated from A to T, the survival, proliferation, migration and invasion
ability of ovarian cancer cells is reduced, and the tumorigenesis ability in the
body is also inhibited; 18 pairs of tumors were detected, and the normal paired
ovarian tissues The expression level of HOXA11-AS found that the expression of
epithelial ovarian tumor tissue was significantly lower than that of normal ova-
rian tissue, suggesting that HOXA11-AS may have a tumor suppressor effect;
and the expression level of the adjacent genes HOXA11 and HOXAI3 is the same
as that of HOXA11-AS There is no obvious correlation between the level and the
mutation of this site. In another study, YIM et al [18] found that the expression
of HOXA11-AS in serous ovarian cancer tissues was 77 times that of non-can-
cerous tissues. The high expression level of HOXA11-AS and histopathological
grades and preoperative carcinoembryonic antigen CAI25 levels are significantly
related: HOXA11-AS overexpression in serous ovarian cancer cells leads to in-
creased cell proliferation, invasion and migration: In addition, HOXA11-AS is
also related to the expression of genes related to cell invasion, migration and
EMT; multi-factor analysis shows that, HOXA11-AS is an important prognostic
factor affecting disease progression and death. Patients with higher levels of
HOXAI11-AS expression have significantly shorter tumor progression-free pe-
riods and overall survival. There are also reports that the two different results of
the same disease may be due to different specimen methods (such as different
races). Therefore, the accuracy of the two results can only be distinguished by a
comprehensive comparison of the baseline levels of various indicators of the

clinical specimens and more in-depth research.

3. Non-Small Cell Lung Cancer

Non-small cell lung cancer (NSCLC) is the most common type of lung cancer.
Interestingly, HOXA11-AS also has a tumor-promoting effect on tumors in
NSCLC. HOXA11-AS is significantly up-regulated in NSCLC tissues, which is
2.38 times that of normal tissues, and the level of HOXA11-AS is positively cor-
related with the prognosis of NSCLC patients [19]. There are currently studies
on HOXAII-AS in non-small cell lung cancer, and the results show that HOX-
All-AS is significantly highly expressed in non-small cell lung cancer. Zhang et
al [20] used small interfering RNA technology to interfere with the expression
of HOXAII-AS in the A549 cell line of non-small cell lung cancer, and then used
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gene chips to screen the changes in transcripts, and found that 277 genes were
significantly up-regulated and 80 genes The expression is significantly down-
regulated, and the results of enrichment analysis of GO and KEGG pathways
show that HOXAII-AS may be related to DOCKS8 and TGF-B pathways. Subse-
quently, on this basis, another study of the group reported that HOXA11-AS is
highly expressed in non-small cell lung cancer tissues and cell lines. The prolife-
ration, migration, invasion, and invasion of non-small cell lung cancer cells after
HOXAII-AS knockout Both tumorigenicity and angiogenesis are inhibited,
while apoptosis is increased, and the cell cycle is arrested in GO/G1 or G2/M
phase [21]. Further research found that HOXA11-AS may exert its above bio-
logical functions in non-small cell lung cancer by regulating the expression of
miR-642b-3p and PDE4D [22]. Chen et al [23] found that the expression level
of HOXAI11-AS in non-small cell lung cancer was significantly higher than that
in normal tissues adjacent to cancer, and the high expression level of HOXA11-AS
was related to poor tumor TMN staging, lymph node metastasis and clinical
prognosis; mechanism; On the one hand, HOXAII-AS inhibits the expression of
miR-200b by promoting the binding of EZH 2 (zeste homolog 2) and DNMT]1 in
the miR-200b promoter region and promotes the occurrence of EMT in tumor
cells. In addition, Yu et al [24] also found that HOXA11-AS is up-regulated in
non-small cell lung cancer tissues and cell lines, and is positively correlated with
tumor size and lymph node metastasis; HOXA11-AS regulates the expression of
SP1 through competitive adsorption of miR-124, And then promote the prolife-
ration and invasion of tumor cells. In addition, in a recent study, Zhao et al [25]
found that HOXAII-AS increased the resistance of adenocarcinoma cells to the
chemotherapy drug cisplatin by regulating the miR-454-3p/Star3 pathway. In
summary, HOXA11-AS is significantly highly expressed in non-small cell lung
cancer, and promotes tumor occurrence and progression, and increases the re-
sistance of adenocarcinoma to chemotherapeutics. The higher expression level of
HOXA11-AS and poor clinical prognosis Related. Therefore, HOXA11-AS has
great potential value in the diagnosis and treatment of non-small cell lung

cancer.

4. Gastric Cancer

In China, the incidence of gastric cancer ranks second among all malignant tu-
mors, and the incidence of gastric cancer in rural areas ranks first among all ma-
lignant tumors. Gastric cancer is still prone to metastasis and spread after radical
surgery and adjuvant chemotherapy, and nearly 60% of postoperative patients
have recurrence or metastasis [26]. Studies have found that the expression of
HOZXAII-AS is significantly increased in gastric cancer. Overexpression of HOX-
All-AS promotes the proliferation, migration and invasion of gastric cancer
cells, inhibits cell apoptosis and blocks cell cycle [27]. Results The expression of
HOXAII-As in gastric cancer tissues and gastric cancer cells was increased (P <

0.05); the nuclear and cytoplasmic separation experiment showed that the dis-
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tribution of HOXAII-As in the cytoplasm of gastric cancer cells was higher than
that in the nucleus (P < 0.05); IncRNA was overexpressed HOXAIL-AS can pro-
mote the proliferation, migration and invasion of gastric cancer cells (P < 0.05),
inhibit cell apoptosis and block cell cycle. Conclusion HOXAII-As is highly ex-
pressed in gastric cancer, can promote the tumor cell behavior of gastric cancer
cells, and can be used as a candidate molecular target for the treatment of gastric
cancer [28]. Sun ef al. [29] analyzed clinical data and found that elevated HOXA11-
AS expression levels are associated with shorter survival and poor prognosis;
multilevel studies have shown that HOXAII-AS is triggered by the transcription
factor E2F1 and acts as EZH2/ in the nucleus. The molecular scaffold of LSD1/
DNMT1 appears; on the other hand, HOXA11-AS can competitively adsorb
miR-1297 and relieve its ability to inhibit the translation of EZH2 protein. On
this basis, the group further studied and found that HOXAII-AS can also bind to
WDRS5 in gastric cancer cells to promote the expression of B-catenin, bind to
EzH2 to inhibit the expression of p21, and bind to STAUI to induce KLF2-
mRNA in gastric cancer cells. The degradation of [30]. It can be seen that HOX-
All-AS has carcinogenic effects in both the transcription and post-transcription
of gastric cancer, and has the possibility of becoming a diagnostic marker and

potential therapeutic target for gastric cancer.

5. Colorectal Cancer

We found and reported that the expression of HOXAII-AS in the primary colo-
rectal cancer with liver metastasis was significantly increased [31]. In this part of
the study, we verified by qRT-PCR and found that the expression of HOXAII-AS
in the primary colorectal cancer with liver metastasis was also significant com-
pared with the primary colorectal cancer tissue without metastasis. Increased. By
knockout or overexpression HOXAIL. AS can effectively inhibit or promote the
migration and invasion of colon cancer cells. Colorectal cancer is another ga-
strointestinal tumor, and its mortality rate ranks fourth among all tumors. There
are only two studies on HOXA11-AS in colorectal cancer, but the interesting
thing is that the results of the two studies are not consistent. First, a study ex-
amined 84 cases of colon cancer tissues and found that the expression level of
HOXAII-AS in cancer tissues was significantly lower than that in adjacent tis-
sues, and HOXAII-AS in three colorectal cell lines (HcT8, HCTIl6, and RKO)
were also It is lower than that in normal colorectal cell line (CCD.18Co); analysis
of clinicopathological data shows that the low expression of HOXA11-AS is
closely related to the size of cancer tissue, advanced tumor metastasis stage, lymph
node metastasis and carcinoembryonic antigen level [32]. In another study, Chen
et al. [33] found that HOXA11-AS had lower levels in colorectal cancer with liv-
er metastasis and highly aggressive cell lines (C0l0205, HCT116, Lovo and Sw620)
than colon cancer tissues without liver metastasis. The expression level of HOXA11-
AS in aggressive cytoplasmic strains (Caco-2 and SW480) was significantly in-
creased. Further research found that HOXA11-AS regulates PAD12 expression
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through competitive adsorption of miR-125a-5p to promote the invasion and
metastasis of colorectal cancer. The selection of tissue specimens and cell lines is
quite different, so it does not mean that the results of the two are contradictory.
It is also possible that the expression level of HOXA11-AS in colon cancer tissue
is lower than that in normal tissues, and colorectal cancer with liver metastasis
The expression level of HOXA11-AS in tissues is only higher than that of non-

metastatic tissues but not higher than that of normal cancer tissues.

6. Glioma

Studies have found that HOXA11-AS is closely related to the growth and metas-
tasis of glioma. Some scholars believe that HOXA11-AS can be a marker for the
classification and classification of glioma. Wang et al [34] used gene chip detec-
tion and found that the expression of HOXAII-AS in human glioma tissue was
significantly increased, which was closely related to the grade and poor progno-
sis of glioma; multivariate Cox regression analysis showed that HOXA11-AS was
more An independent prognostic factor for glioblastoma, its expression level is
related to the molecular subtype of glioma in the tumor genome map; functional
experiments have shown that overexpression of HOXA11-AS promotes cell pro-
liferation, while interference with HOXA11-AS regulates cell cycle And inhibit
cell proliferation. A study showed that compared with adjacent normal brain
tissues and normal human astrocyte cell lines, the expression level of HOX-
All-AS in glioma tissues and cell lines was significantly increased, and the high
expression level of HOXAII-AS was similar to that in glioma patients. It is re-
lated to the shortening of overall survival; knocking out HOXA11-AS can inhibit
the proliferation, migration and invasion of glioma cells, and inhibit the growth
of tumors in vivo; the author found that HOXA11-AS acts as ceRNA to adsorb
miR-214-3p to EZH2 The expression of has a positive regulatory effect [35]. In
another study, Cui et al [36] also showed that HOXAII-AS is highly expressed in
glioma tissues and cell lines. Patients with high HOXAII-AS expression levels
have a shorter survival time and poor prognosis: HOXA11-AS passed Adsorb
miR-140-5p to inhibit the proliferation of glioma cells, induce cell cycle arrest in
G0/G1 phase and promote cell apoptosis. In this report, the authors did not fur-
ther study the specific downstream target genes of miR-140-5p. In a recent study
on HOXAII-AS in gliomas, Sun et al [37] found that the expression of HOX-
All-AS in glioma tissues was significantly increased, and the increased expres-
sion of HOXAII-AS was associated with poor tumor grades. It is closely related
to clinical prognosis; HOXA11-AS promotes cell proliferation, invasion and mi-
gration through competitive adsorption of miR-124-3p, and inhibits cell apopto-
sis. This study did not further reveal the target genes of miR-124-3p. To sum up,
HOXAII-AS is highly expressed in gliomas and plays a role in promoting tu-
mors, and its high expression predicts poor clinical prognosis. Therefore, HOX-
All-AS has become a diagnostic marker and potential for glioma. The possibility

of treatment targets.
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7. Liver Cancer

In recent years, studies have found that HOXA11-AS can also promote the oc-
currence and development of hepatocellular carcinoma (HCC). In vitro experi-
ments found that the expression level of HOXA11-AS in HCC tissues was sig-
nificantly increased, more than double the expression in normal tissues, and the
overall survival time of patients with high HOXA11-AS expression was signifi-
cantly shorter than that of patients with low expression, while HOXA11-AS A
decrease in AS can significantly inhibit the tumorigenic ability of HCC cells [38].
Liu et al [39] tested 66 liver cancer tissue specimens (male, 60 female, 6) and
liver cancer cell lines (HepG2, Hep3B, Bel-7402, and SMMC-7721) and found
that their HOXAII-AS expression level was higher than that of adjacent tissues
and normal liver The epithelial cell line (L02) is obviously high, interferes with
HOZXAII-AS, inhibits the proliferation of liver cancer cells, promotes apoptosis
and arrests the cell cycle in G1 phase; HOXAI-AS promotes the binding of
EZH?2 to the DUSP5 promoter region and inhibits the transcription of DUSP5
And then promote the occurrence and progression of liver cancer. A recent item
also showed that HOXAII-AS plays a role in promoting cancer in liver cancer.
The team detected the expression of HOXAII-AS in liver cancer tissues (40 pairs)
and cell lines (MHCC.97H-Bel-7404, SMMC7721 and QGY-7703) Compared
with the adjacent tissues and normal liver epithelial cell line (HL-7702), HOX-
All-AS promotes the proliferation and invasion of liver cancer and can induce
EMT; further research shows that HOXAII-AS promotes cancer by adsorbing
miR-214-3p effect. In another study, Yu et al [40] found that the expression
level of HOXA11-AS in liver cancer tissues (40 pairs) and cell lines (HepG2,
Hep3B, and MHCC.97H) was relative to that of adjacent tissues and normal liver
epithelial cell lines ( L02) is significantly higher, HOXAII-AS inhibits the proli-
feration of liver cancer cells, promotes apoptosis, and delays the development of
the cell cycle from G1 to GO phase; in terms of pathways, HOXAII-AS inhibits
the expression of LATSI1 by recruiting EZH2. In the last report, there are contra-
dictions between the conclusions of functional experiments and tumor-promoting
effects. LATS 1 (Large tumor suppressor 1) is one of the core members of the
hippo signaling pathway, which is responsible for regulating cell cycle and
apoptosis. It is lowly expressed in a variety of tumors. Overexpression of LATS1
can inhibit the growth of tumor cells [41]. Studies have detected that LATSI is
up-regulated in HepG2 and Hep3B after interfering with HOXAII-AS. Therefore,
HOZXA11-AS should promote tumor cell proliferation and inhibit cell apoptosis,
which contradicts the results of functional experiments in the article. Combining
the first two reports and its own contradictory conclusions, the selection of ma-
terials for the three studies is not much different. Therefore, we have reason to
believe that the colleagues in the latter study may have problems or experimental
errors or other problems in a certain part of the functional experiment. The un-
discovered regulatory effect is stronger than the LATS1 pathway, so more in-

depth research is needed.
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8. Laryngeal Squamous Cell Carcinoma

Squamous cell carcinoma of the larynx. Laryngeal squamous cell carcinoma
(LSCC) is a common malignant tumor. Laryngeal cancer of the upper respirato-
ry tract is graded, followed by the most common malignant tumors of the head
and neck [42]. Qu et al [43] used gene chip and qRT-PCR technology to study
and found HOXAIL The expression level of AS in laryngeal squamous cell car-
cinoma tissue is significantly higher than that in adjacent tissues. HOXAII-AS is
significantly expressed in the nucleus and is closely related to tumor grade, cer-
vical lymph node metastasis and clinical stage; Kaplan. Meier analysis showed
that the high expression level of HOXAII-AS indicates a poor prognosis for pa-
tients with laryngeal squamous cell carcinoma, and interference with HOX-
All-AS significantly inhibits the growth, migration and invasion of laryngeal
squamous cell carcinoma. Sun Xiaoyan et al [44] found that HOXAI1-AS was
up-regulated in esophageal squamous cell carcinoma tissues and cell lines, and
its high expression level was related to the histological grade and lymph node
metastasis of patients with esophageal squamous cell carcinoma, and was related
to the patient’s age, gender, and tumor invasion. Depth has nothing to do with
TNM staging. The results of Cox multivariate regression analysis showed that
HOXAII-AS expression is an independent risk factor affecting the median sur-
vival time and median progression-free survival time of patients with esophageal
squamous cell carcinoma. Zhang Li et al [45] found that the expression of
HOZXAII-AS in head and neck squamous cell carcinoma tissues and cell lines is
higher than that in normal tissues and cell lines, and it can promote the migra-

tion of head and neck squamous cell carcinoma cells.

9. Summary and Outlook

In recent years, IncRNA has become a new hot spot in modern genetic researches.
More and more studies have found that IncRNA is dysregulated in various can-
cer types, and the abnormal expression of IncRNAs actually participates in all
stages of cancer development, included the occurrence and metastasis of cancer.
At present, the understanding of HOXA11-AS has made great progress; now it is
believed that HOXA11-AS can have a cancer-promoting effect on most tumors,
such as glioma, gastric cancer and non-small cell lung cancer, etc., and the me-
chanism and target of action not exactly. However, in general, the mechanism of
action of HOXA11-AS is still at an early stage, and many detailed and in-depth
studies need to be continued. For example, the cancer-promoting mechanism of
HOXAI11-AS for laryngeal squamous cell carcinoma is not clear, HOXA11-AS
and tumors Research on the relationship between chemotherapy resistance and
patient response after treatment. However, with the deepening of research and
the continuous improvement of research methods and technologies, the me-
chanism of HOXA11-AS on tumor proliferation and metastasis will eventually
be explored. HOXA11-AS also has great potential to become a new target for

disease prevention, diagnosis and treatment point.
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