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Abstract

Endometriosis (EMs) is a common gynecological disease with an increasing incidence in recent years. Because of the lack of specific
molecular biological indicators in clinical practice, diagnosis is often delayed and the quality of life of patients is seriously reduced.
Therefore, the discovery of effective molecular biomarkers is crucial for the early diagnosis and treatment of EMs patients. With the
development of high-throughput sequencing technology, the mechanism of IncRNAs in EMs has been increasingly confirmed experi-
mentally. This article summarizes the biological characteristics and functions of EMs-related IncRNAs, and introduces the mechanisms
of EMs-related IncRNAs in the context of ceRNAs, in exosomes, under hypoxic conditions, and related antisense RNAs. The mecha-
nism of the most popular imprinted gene H79 and metastasis-associated lung adenocarcinoma transcript 1 in EMs is then introduced.
Finally, we explore the challenges of molecular biomarker EMs-related IncRNAs in the diagnosis and treatment of EMs, anticipating

their potential value in clinical applications.
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1. Introduction

Endometriosis (EMs) refers to the condition caused by
the presence of endometrioid-like tissue with growth func-
tion outside the uterus. In recent years, the incidence has
gradually increased, especially among young women [1],
with approximately 10% of women of childbearing age suf-
fering from EMs [2]. While its pathogenesis is still un-
clear, current hypotheses include retrograde menstruation,
coelom metaplasia, and lymphatic and vascular metastasis
[3]. Due to the high heterogeneity of EMs symptoms, di-
agnostic accuracy remains unsatisfactory and is only based
on symptoms such as dysmenorrhea, chronic pelvic pain,
and dyspareunia combined with biochemical and imaging
examinations [4]; thus, the gold standard for diagnosis re-
mains laparoscopy. However, due to its invasiveness and
cost, EMs leads to a delay of 4—11 years from the first symp-
tom onset to the definitive surgical diagnosis [5]. Studies
have shown that a variety of long noncoding RNAs (IncR-
NAs) play important regulatory roles in the occurrence and
development of EMs. Therefore, through early diagnosis
and postoperative follow-up monitoring, certain biomark-
ers that can be used to detect EMs could improve diagnos-
tic efficiency and help avoid treatment delays. Numerous
studies on the correlation between IncRNAs and EMs have
recently been carried out, providing new ideas for exploring
the diagnosis of EMs. The research progress of IncRNAs in
the etiology, diagnosis and treatment of EMs was reviewed
in this article.

2. Biological Characteristics and Functions
of LncRNAs

LncRNAs are functional RNA molecules longer than
200 nucleotides that cannot translate proteins. LncRNAs
are transcribed by RNA polymerase II [6]. Unlike mRNA,
IncRNAs can be transcribed and folded into thermodynam-
ically stable secondary structures to bind to RNA, DNA or
proteins respectively to regulate gene expression and pro-
tein synthesis, the basis for the important role of IncRNAs
in biological activities such as epigenetic regulation [7]. At
present, the GENCODE project has annotated more than
16,000 human IncRNAs, while other studies indicate that
the total number may exceed 100,000. LncRNA can play
its role in the nucleus or cytoplasm through a variety of
mechanisms. In the nucleus, IncRNAs may target gene
promoters by recruiting chromatin remodeling or modify-
ing complexes, thus acting as epigenetic gene regulators.
In other cases, IncRNAs may act as transcription regula-
tors by competing with transcription factors to bind DNA
and/or by binding to their DNA-binding domains. In the
cytoplasm, IncRNAs act as sponges for related miRNAs
to regulate translation or as scaffolds to facilitate interac-
tions of related proteins, thus affecting the stability of tran-
scripts [8]. Furthermore, LncRNAs can participate in the
regulation of cellular signal pathways by binding to signal
proteins and affecting their activation status. In research
experiments, quantitative reverse transcription polymerase
chain reaction (QRT-PCR) and other methods can be used
to verify the expression of IncRNAs in EMs, and techniques
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such as RNA interference (siRNA) can be used to study the
biological effects of IncRNAs in endometrial stromal cells
cultured in vitro [9].

With the development of high-throughput sequencing
technology, more than 173,112 annotated IncRNAs have
been confirmed to be transcribed from 96,411 genomic loci
[10], while the action of IncRNAs in EMs is increasingly
experimentally confirmed. Abnormal expression of IncR-
NAs in disease can lead to symptoms of EMs or infertil-
ity by affecting the proliferation, invasion, metastasis or
epithelial-mesenchymal transition (EMT) of endometrial
stromal cells (ESCs). These are closely related to the de-
velopment of diseases such as EMs [11-13]. This arti-
cle describes a key imprinted gene, H/9, the metastasis-
associated lung adenocarcinoma transcript 1 (MALATI),
and the urothelial carcinoma associated gene 1 (UCAI),
three EM-associated IncRNAs. Furthermore, we also re-
view the mechanism of EM-related IncRNAs in the context
of ceRNAs, in exosomes, as antisense RNAs, and under hy-
poxia.

3. Mechanisms of LncRNAs in EMs

3.1 Mechanisms of EMs-Related IncRNAs in the Context
of ceRNAs

Competing endogenous RNAs (ceRNAs) are tran-
scripts that are mutually cross-regulated by competing
shared microRNAs (miRNAs). A miRNA is a short-chain
RNA approximately 22 nt in length that can lead to gene
silencing by binding to mRNAs, while ceRNAs can com-
petitively bind miRNA and act as a miRNA sponge in
cells, thereby releasing target genes from its miRNA inhi-
bition and increasing the expression level of target genes.
This mechanism of action is called the ceRNA mechanism
[14]. With the development of high-throughput sequenc-
ing, the regulatory mechanism of EMs-related IncRNAs in
the context of ceRNAs has been proven by an increasing
number of studies. Bai et al. [15] showed that a total of
4213 mRNAs, 1474 IncRNAs and 221 miRNAs were dif-
ferentially expressed in ectopic endometrial (EC) and eu-
topic endometrial (EU) samples. By constructing a ceRNA
network for differentially expressed RNAs and performing
bioinformatics analysis, it was found that IncRNAs H19,
GS1-358P8.4 and RP11-96D1.10 were closely related to
EMs. Jiang et al. [16] constructed a ceRNA network based
on differential miRNAs (DEmiRs), differential IncRNAs
(DELs), and differential genes (DEGs), including 11 up-
regulated and 16 down-regulated DEmiRs, 7 up- and 13
down-regulated DELs, and 48 upregulated and 46 down-
regulated DEGs, and confirmed in validation analysis that
this ceRNA network may mediate inflammatory responses
through LINC01018 and SMIM25 as miR-182-5p sponges,
thereby promoting the development of EMs. Wang et al.
[17] identified a ceRNA network associated with EMs, in-
cluding 45 pathways and 4 ceRNAs, demonstrating that dif-
ferentially expressed RNAs and lower expression levels of

B-type progesterone receptors can reduce endometrial re-
ceptivity through a ceRNA mechanism, further leading to
infertileity.

3.2 Mechanisms of EMs-Related LncRNAs in Exosomes

Exosomes refer to nanoscale vesicles that can be se-
creted by various types of cells. As an important media-
tor of intercellular communication, they play an important
regulatory role in tumor growth and migration [18]. Wu
et al. [19] identified a total of 938 IncRNAs, 39 miRNAs,
and 1449 mRNAs with overlapping differential expression
in their study of EMs exosomal RNA and IncRNA-related
networks. A total of 13 co-expression modules and 61
ceRNA networks were constructed, revealing a new molec-
ular mechanism of IncRNA-mediated pathogenesis of EMs.
The expression of exosomal IncRNA CHLI-ASI in peri-
toneal macrophages is upregulated. After being transported
from peritoneal macrophages to ectopic ESCs, it acts as
an endogenous competing RNA for miR-610, downregulat-
ing miR-610 and upregulating MDM?2, thereby promoting
the proliferation and migration of ESCs and inhibiting their
apoptosis [20]. Antisense hypoxia-inducible factor (¢HIF')
is involved in the regulation of angiogenesis. Qiu et al.
[21] found that aHIF was highly expressed in the ectopic
endometrium and serum exosomes of patients with EMs,
and the two expression levels were significantly correlated.
Experiments have confirmed that aHIF is transferred from
endometriotic cyst stromal cells to human umbilical vein
endothelial cells through exosomes in an ectopic environ-
ment. It induces human umbilical vein endothelial cells
to promote angiogenesis by activating vascular endothelial
growth factors (VEGFs).

3.3 Mechanism of EMs-Related Antisense LncRNAs

Antisense IncRNA refers to a type of IncRNA that is
transcribed from the antisense strand of a protein-coding
gene and usually has sequence overlap with the mRNA
of the gene. Studies have confirmed that antisense RNA
can widely participate in the regulation of protein-coding
gene expression through a “variety of mechanisms” [22].
This regulation can occur at the transcriptional, post-
transcriptional and translational levels of protein-coding
genes [23,24]. For example, antisense RNAs co-expressed
at the transcriptional level can bind to their sense transcripts
to form RNA hybrids or double-stranded structures that pre-
vent the transcription of the sense transcript [25]. Regula-
tion of gene expression by antisense RNAs can also occur in
epigenetics. Antisense RNAs act as molecular scaffolds for
protein-protein interactions or bind to chromatin-modifying
complexes and can activate or repress target gene expres-
sion by mediating chromatin remodeling and recruiting en-
zymes involved in methylation and histone modification
[23].

The abnormal expression of IncRNA actin filament-
associated protein 1 antisense RNA1 (AFAP1-AS1) is

&% IMR Press


https://www.imrpress.com

HI19 1
miR-216a-5p miR—‘l24—3p miR-342-3p
'

ACTA2 ITGB3 IER3

MALAT1 1 LINCO1541)

miR-200c miR-126-5p miR-506-5p

ceRNA

LINCO01018 and SMIM25 1
+
miR-182-5p

hypoxia
HIF—1a aHIF ¢

UBOX5-AS11 MALATI1 t VEGF

1 Upregulated | downregulated

aHIF 1 CHLI-ASI {
VEGF miR-610
MDM2
exosome
wense  AFAPLASIT  CHLIt
IncRNA ZIB1 CHLI-AS1 and
CHLI1- AS2
CCDCI144NL-AS1 ¢ CDKN2B-ASI1
vimentin filaments and MMP-9 miR-424-5p
}
AKT3

Fig. 1. The key mechanism of IncRNAs in EMs. LncRNAs can be transported through exosomes to promote cell growth and migration.

Furthermore, IncRNAs can be used as miRNA sponges and antisense RNAs to promote the invasion and metastasis of ESCs and EMT.

In addition, a hypoxic environment also induces the occurrence and development of EMs.

closely related to the occurrence and development of vari-
ous tumors [26]. Lin et al. [27] found that IncRNA AFAPI-
AS1 was highly expressed in EC. IncRNA AFAPI-AS] at-
tenuated the inhibition of the e2-induced transcription fac-
tor ZTB1 promoter site pGL3-P886, thereby attenuating the
inhibition of endometrial epithelial cell growth and lead-
ing to the occurrence of EMs by promoting EMT. LncRNA
CCDC144NL-AS1 is an antisense IncRNA located on hu-
man chromosome 17. The expression of CCDCI144NL-AS1
in EC tissues was higher than that in EU and normal en-
dometrial (NE) tissues. Zhang et al. [28] found that ele-
vated expression of IncRNA CCDCI144NL-AS1 may pro-
mote the migration and invasion of ESCs by regulating f-
actin and vimentin, thereby promoting the development of
EMs. LncRNA CDKNZ2B-ASI plays a key role in the oc-
currence and development of various cancers and nonma-
lignant diseases [29]. Wang et al. [30] found that the rel-
ative expression of CDKN2B-AS1 was upregulated in both
EC and EU. CDKN2B-AS1 can act as a ceRNA that absorbs
miR-424-5p and targets AKT3 through sponging to affect
cell proliferation, invasion and AK73 expression, which
may be a potential target for EMs therapy. Close homolog
of L1 (CHLI) is a member of the neuronal cell adhesion
molecule (NCAM) L1 gene family and belongs to the im-
munoglobulin superfamily. Zhang ef al. [31] confirmed
that the expression level of CHLI in EC tissues is higher
than that in EU tissues. They also found a significant cor-
relation between CHL I and its antisense RNAs CHLI-AS1
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and CHLI-AS2, which may be involved in the occurrence
and development of EMs and may provide new targets that
will be helpful for future research.

3.4 Mechanisms of EMs-Related LncRNAs under Hypoxia

Hypoxia is one of the characteristics of EMs. Hy-
poxic conditions can promote EMT and endometrial epithe-
lial cell invasion through various mechanisms [32]. Liu
et al. [33] confirmed that HIF-I« can induce upregula-
tion of the expression of IncRNA UBOX antisense RNA 1
(UBOX5-AS1), promote EMT, and lead to the occurrence of
EMs. Additionally, under the regulation of HIF-1«, the in-
creased expression of MALAT! under hypoxia can promote
cell migration and invasion by mediating pro-survival au-
tophagy in ESCs, resulting in the occurrence of EMs [34].
AHIF is involved in the regulation of angiogenesis. Hy-
poxia induces an increase in the expression of aHIF in EC
tissues, which is transferred to human umbilical vein en-
dothelial cells through exosomes and then promotes angio-
genesis by activating vascular endothelial growth factor and
other factors, thereby promoting the occurrence of EMs
[21]. The main mechanisms by which IncRNAs promote
EMs are summarized in Fig. 1.

4. Abnormal Expressions of LncRNAs in
EMs

In view of the mechanism of IncRNA in EMs, its ab-
normal expression is often associated with the pathogenesis
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Table 1. Altered expression of IncRNAs in EMs.

LncRNA name Upregulated/downregulated ~ Whether detected in body fluid  References
SNHG4 Upregulated No [35]
aHIF Upregulated No [27]
MALATI Both Yes [27]
CCDC144NL-AS1 Upregulated No [31]
LINC00261 Downregulated No [36]
CDKN2B-AS1 Upregulated No [27]
LINCO1116 Upregulated No [37]
LINCO01541 Downregulated No [35]
HOXAI11-AS1 Upregulated No [35]
AFAPI-AS1 Upregulated No [35]
AC002454.1 Upregulated No [35]
TC0101441 Upregulated No [35]
CHLI-AS2 Upregulated No [35]
LINC01133 Upregulated No [35]
UCAI Both Yes [35]
HI19 Both Yes [38]
FTX Downregulated No [39]

of EMs. Recently, many studies have used whole genome
high-throughput technology to identify the differentially
expressed IncRNA in EMs (Table 1, Ref. [27,31,35-39]),
which is not only helpful for its potential clinical applica-
tion as a biomarker for disease diagnosis or prognosis, but
also helpful for in-depth understanding of the pathogenesis
of the disease. Among these differentially expressed IncR-
NAs, H19, MALATI and UCA1 have attracted much atten-
tion due to their roles in numerous aspects, such as EMs cell
survival, angiogenesis, cell invasion, autophagy, oxidative
stress, and endometrial receptivity.

4.1 Imprinted Gene HI19

H19 is the first gene found to be associated with ge-
netic imprinting, and its encoded IncRNA is one of the most
abundant and conserved transcripts in mammalian devel-
opment. The full-length gene is 2.5 kb and is located on
human chromosome 11P15.5. The H/9 gene is highly ac-
tive in various tissues during embryonic development, but
its physiological function is unclear [40]. As an imprinted
gene is usually expressed in the maternal allele, the /GF2
gene paired with it is expressed only in the paternal line.
However, in some cancers, this imprinting pattern is dys-
regulated, resulting in abnormal upregulation of H/9 in
malignant tumor tissues; thus, H/9 is considered a cancer
biomarker and a recognized therapeutic target [41]. Al-
though EMs are considered benign inflammatory lesions,
local invasion and resistance to apoptosis have tumor-like
characteristics. Recent studies have shown that H19 is in-
volved in the pathogenesis of EMs, especially the recur-
rence mechanism, and is related to infertility, bilateral ovar-
ian lesions, and elevated CA125 levels [38,42].

Studies have shown that H/9 expression is signifi-
cantly reduced in the eutopic endometrium (EU) of women

with EMs compared with normal controls. The reduction in
H19 increases the activity of let-7, which in turn inhibits the
expression of Igflr at the post-transcriptional level, thereby
reducing the proliferation of ESCs, which may cause symp-
toms such as infertility [11]. H19 can also regulate the
expression of ACTA2 by competitively inhibiting the miR-
216a-5p binding site, thereby promoting the invasion and
migration of eutopic ESCs in EMs. Downregulation of
H19 or ACTA?2 inhibits eutopic ESCs invasion and migra-
tion [12]. The expression of H19 was significantly elevated
in ECs of women with EMs compared with normal controls.
Elevation of H79 can promote the proliferation and invasion
of ESCs cells by regulating the downstream effector pro-
teins miR-124-3p and /7GB3, and knockdown of H/9 can
inhibit ESCs proliferation and invasion [43]. Elevated H/9
expression can also inhibit the proliferation of ESCs by reg-
ulating the expression of miR-342-3p and /ER3, reducing
the level of IL-17 and the percentage of Th17 cells/CD4+
T cells [44]. In the nude mouse EMs model, subcutaneous
lesions and the H19 levels in the lesions of H/9 knockout
mice were higher than those of the negative control group.
Furthermore, knocking out the H79 gene suppressed EMs
[45].

4.2 Metastasis-Associated Lung Adenocarcinoma
Transcript 1

MALATI was initially found to be highly expressed
in primary human non-small cell lung cancer [46]. Subse-
quent studies have shown that it is also highly expressed
in many other cancers and can be involved in a variety
of physiological processes such as epigenetic modification.
MALATI dysregulation can lead to abnormal cell prolif-
eration, invasion and migration by affecting EMT, apop-
tosis and autophagy [13]. Liang et al. [47] found that
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MALATI was upregulated in EC specimens and inhibited
exogenous overexpression of miR-200c, thereby promot-
ing the proliferation and migration of ESCs. Some stud-
ies have also found that MALATI can also regulate the ex-
pression of MMP-9 through the NF-kappaB/INOS pathway
[48] and the PI3K/AKT pathway mediated by the miR-
126-5p/CREBI axis [49] to regulate the apoptosis of ESCs,
thereby mediating EMs onset. MALATI can also partici-
pate in the survival autophagy of ESCs regulated by HIF-
Io under hypoxia conditions [34]. EMs can impair fertil-
ity and lead to infertility due to dysfunction of EMs granu-
losa cells (GCs). MALAT! is downregulated in GCs of pa-
tients with EMs. Via the ERK/MAPK pathway, MALAT]
can regulate the proliferation of GCs by P21/p53-dependent
cell cycle control, thereby inhibiting the normal growth and
development of oocytes and affecting fertility [50]. Stud-
ies show that the expression of MALATI is upregulated in
GCs of EMs patients, and the decreased expression of 5'-
AMP-activated protein kinase in patients mediated by the
AMPK-MTOR pathway leads to increased cell prolifera-
tion and viability and decreased autophagy of GCs [51].
The differential expression of MALATI in GCs of patients
with EMs may be due to demographic differences or the
effects of drugs used for surgical resection. Therefore, the
mechanism of action of MALAT!I in EMs needs to be fur-
ther studied. However, it was found that MALATI plays an
important role in promoting EMs, which provides the pos-
sibility for its clinical application as a target in EMs.

4.3 Urothelial Carcinoma Associated Gene 1 (UCAI)

UCA1 is associated with the occurrence of various
ovarian diseases [52,53]. UCAI is highly expressed in
EMs patients. Increased UCA ! expression can promote the
proliferation of ESCs and inhibit autophagy and apopto-
sis. Knockout of UCA [ in vitro can significantly inhibit the
proliferation of ESCs and induce autophagy and apoptosis
[9]. Zhang Yue et al. [54] showed that the expression of
UCA1I in the EU, proliferative endometrium, and secretory
endometrium of patients with EMs was significantly higher
than that in the normal control group during the same pe-
riod. However, there was no significant difference in the
expression of UCAI in the proliferative endometrium and
the secretory endometrium between the two groups. It has
been proven that the high expression of the UCA! gene in
the eutopic endometrium may be involved in the occurrence
and development of EMs and that the expression level is not
affected by changes in the menstrual cycle [54]. Studies
also found that EMs patients with higher UCA/ are more
likely to be infertile, and elevated UCA/ may lead to in-
fertility by affecting fatty acid metabolism in the reproduc-
tive system [55]. However, compared with the healthy con-
trols, the level of serum levels of UCA 1 in EMs patients de-
creased, and the level of serum levels of UCAI increased
after treatment. The recurrence rate was higher when the
serum levels of UCA1 was significantly lower on the day
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of discharge [56].

4.4 Others

Long noncoding RNA five prime to Xist (IncRNA
FTX) is considered a key IncRNA for normal uterine de-
velopment as well as a key IncRNA for regulating cancer
cell proliferation, migration and apoptosis [5S7-59]. The
lower expression of IncRNA FTX in endometrial tissue and
ESCs of patients with EMs leads to higher activity of the
PI3K/AKT signaling pathway, which promotes the inva-
sion, metastasis and EMT of ESCs [60].

LncRNA maternally expressed gene 3 (MEG3) is a
tumor suppressor that is downregulated in various can-
cer cells and tissues and regulates various biological pro-
cesses [61,62]. MEG3-210 is lower in the endometrium
of patients with EMs. Downregulation of MEG3-210 pro-
motes ESC migration, invasion and inhibition of apoptosis
in vitro by interacting with Galectin-1 via the p38 MAPK
and PKA/SERCA signaling pathways. This new regulatory
mechanism may provide a novel target for EM drug therapy
[63].

HOX transcript antisense RNA (HOTAIR) is involved
in a variety of cell signal transduction pathways and is
closely related to the occurrence and development of ma-
lignant tumors. Chang et al. [64] found that the functional
axis of HOTAIR/HOXD10 and HOTAIR/HOXA5 may play
an important role in regulating the progression of EMs. In
ECs, HOTAIR mRNA levels were higher, and the down-
stream targets HOXD10 and HOXAS5 were lower. Low ex-
pression of HOXD10 and HOXAS5 reduces the negative reg-
ulation of cell proliferation, migration, and angiogenesis,
which promotes lesion growth and spread and can lead to in-
fertility. HOTAIR plays a prominent role in promoting EMs
and can serve as a potential clinical target for the treatment
of EMs.

A study by Mai et al. [65] showed that long inter-
genic nonprotein coding RNA 1541 (LINCO01541) could
mediate the occurrence of EMs by regulating the Wnt/3-
catenin pathway to inhibit the EMT process, ESC metasta-
sis and VEGFA expression. Under normal circumstances,
LINCO01541 as a ceRNA can reduce its bioavailability by
competitively binding to miR-506-5p. In ectopic tissues,
the expression of LINC01541 was decreased, and the highly
expressed miR-506-5p activated the Wnt/3-catenin path-
way by inhibiting the expression of WIF1, thereby inducing
the proliferation, migration and invasion of ESCs and pro-
moting EMT and the expression of VEGFA of ESCs [66].

Wang et al. [67] and Liu et al. [68] found that cyclin-
dependent kinase-6 (CDK6) and AC002454.1 were highly
expressed in both ectopic and eutopic endometrial tissues
of patients with EMs. In vitro experiments proved that
AC002454.1 may enhance the proliferation, migration and
invasion of endometrial in situ cells by regulating the ex-
pression of CDK6, promoting the transformation of cells
from GO/G1 phase to S phase. By inducing cell cycle dis-
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order, it causes abnormal proliferation of endometrial tissue
and promotes the development of EMs.

5. Challenges in Clinical Application

By September 2020, 11 kinds of RNA therapy prod-
ucts, including antisense oligonucleotide drugs and siRNA
drugs, have been approved for marketing, indicating that
RNA therapy has started clinical application. Many IncR-
NAs participate in gene transcription inhibition by acting
as promoter related RNA or natural antisense transcripts,
resulting in abnormal gene expression, which leads to dis-
eases. Numerous studies have confirmed the important role
of many IncRNAs in the pathogenesis of a variety of hu-
man diseases, including EMs. Developments in RNA ther-
apy have raised the possibility of curing disease by targeting
IncRNAs to inhibit abnormal gene expression. As of April
2022, 13 RNA therapeutic products have been approved for
marketing, indicating that RNA therapies are beginning to
be used clinically [39]. Four classes of drugs can be classi-
fied by mechanism of action: antisense oligonucleotides,
small interfering RNAs, RNA aptamers, and messenger
RNAs. Studies have shown that antisense oligonucleotides
(ASOs) or siRNA therapy can reverse the negative regula-
tion of IncRNAs on genes by targeting IncRNAs involved
in gene transcriptional repression, thereby leading to tran-
scriptional activation or unsilencing and inhibiting the oc-
currence and development of diseases [69]. This therapy
has been applied to spinal muscular atrophy, acute hepatic
porphyria and other rare diseases, cardiovascular diseases,
and neurological diseases, but its application in EMs is still
in the theoretical stage.

At the same time, there remain several technical bot-
tlenecks in the research and development of RNA therapy.
For example, the unstable degradation of RNA in vivo can
easily lead to drug failure and even produce potential side
effects and toxicity. Certain exogenous RNAs may modu-
late multiple mRNAs in vivo, resulting in off-target side ef-
fects and abnormal immune responses. Therefore, research
institutions engaged in RNA therapy are currently limited,
while research and development motivation is insufficient.
If this therapy is to be used clinically on a large scale, more
thorough research and large-scale cohort trials are needed
[70]. However, the existing research findings of relevant
biomarkers provide the possibility of improving the diag-
nostic efficiency and recurrence prediction of EMs, which
is crucial.

6. Outlook

Changes in the expression of IncRNAs in EMs are in-
volved in the regulation of numerous processes known to
be related to the pathogenesis of the disease. These pro-
cesses include angiogenesis, EMT, endometrial cell sur-
vival, endometrial cell desiccation, lesion establishment
and growth, oxidative stress, proliferation and invasion, en-
dometrial receptivity, and autophagy. The pathogenesis of

EMs is highly complex, while the clinical use of IncRNA
biomarkers as indicators for early diagnosis and postoper-
ative follow-up monitoring still faces great difficulties and
challenges. The important regulatory role of IncRNAs in
the occurrence and development of EMs is confirmed by
an increasing number of studies, but most of the current ex-
periments are only conducted in vitro, and there are few re-
lated studies in vivo. At the same time, most studies only
point out that a variety of IncRNAs are highly correlated
with EMs, but convenient and efficient detection methods
in clinical practice are lacking. Therefore, more experimen-
tal studies are needed for clinical application. However,
the proposal of multiple potential therapeutic targets pro-
vides the possibility of early diagnosis and targeted therapy
of EMs for clinicians in the future, which is of great sig-
nificance in improving the efficiency of diagnosis and the
clinical prognosis of EMs.
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