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Abstract

Esophageal cancer (EC) is one of the most common malignant tumors of the
digestive system with high incidence and mortality rate worldwide. Therefore,
exploring the pathogenesis of EC and searching for new targeted therapies are the
current research hotspot for EC treatment. Long non-coding RNAs (IncRNAs)
are endogenous RNAs with more than 200 nucleotides, but without protein-
coding function. In recent years, IncRNAs have gradually become the focuses
in the field of non-coding RNA. Some IncRNAs have been proved to be closely
related to the pathogenesis of EC. Many IncRNAs are abnormally expressed in EC
and participate in many biological processes including cell proliferation, apopto-
sis, and metastasis by inhibiting or promoting target gene expression. LncRNAs
can also regulate the progression of EC through epithelial-mesenchymal trans-
formation (EMT), which is closely related to the occurrence, development, and
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1 | INTRODUCTION

Esophageal cancer (EC) is one of the most common malig-
nant tumors in the world and the fourth leading cause of all
cancer deaths in China[1, 2]. In China, the main type of EC
is esophageal squamous cell carcinoma (ESCC), account-
ing for about 90% of all cases of EC, and the remain-
ing cases are esophageal adenocarcinoma [3]. In recent
decades, EC has brought severe challenges to medical ser-
vices and public health and its prevention and control
has aroused widespread concern [4]. Routine treatments
for EC include surgery, radiotherapy and chemotherapy.
Despite advances in diagnostic techniques, the incidence
and mortality of EC in China are still high, and the prog-
nosis of a large number of patients is poor [5, 6]. The 5-
year overall survival rate is still less than 30% [7], part of
the reason may be related to the late diagnosis of most
patients with EC [8]. Lacking of specific symptoms and
effective treatment goals has created obstacles to the devel-
opment of new treatment regimens and the improvement
of patients’ prognosis. Therefore, a deeper understand-
ing of the molecular mechanism of EC tumorigenesis and
identification of new biomarkers are essential to improve
the diagnosis and treatment of EC.

The results of the Human Genome Project showed that
only 2% of the RNA sequences in the normal human
genome could encode proteins, most of which are tran-
scribed into non-coding RNA, including long non-coding
RNAs (IncRNAs) and microRNAs [9]. IncRNAs are a kind
of non-coding RNAs whose transcriptional length is more
than 200 nucleotides. IncRNAs can be divided into sense,
antisense, bidirectional, intragenic, and intergenic IncR-
NAs according to the anatomical characteristics of gene
loci. Initially, IncRNAs were regarded as a transcriptional
“noise” and were not considered to have biological func-
tions, but then found that they were involved in the regu-
lation of protein coding genes at both transcriptional and
epigenetic level [10]. Up to now, more and more evidences
have shown that IncRNAs are widely expressed in most
organs and tissues, and participate in various cellular bio-
logical processes, including regulating transcription and
protein activity, exertion of structural or histological roles,
altering RNA processing and expression regulation as pre-

prognosis of EC. In this article, we review and discuss the involvement of IncR-
NAs in the progression of EC.

apoptosis, biomarker, diagnosis, drug resistance, esophageal cancer, long non-coding RNA,
metastasis, prognosis, proliferation

cursors of microRNAs, and participating in chromosomal
silencing and modification, etc., which mediate the growth
of cancer cells reproductive, invasive and apoptotic pro-
cesses [11-14]. HOX transcript antisense RNA (HOTAIR)
[15], maternal expressed gene 3 (MEG3) [16], urothelial
cancer associated factor 1 (UCAI) [17], cancer susceptibil-
ity candidate 9 (CASC9) [18], small nucleolar RNA host
gene 6 (SNHG6) [19], plasmacytoma variant translocation
1 (PVTI) [20], and HOXA transcript at the distal tip (HOT-
TIP) [21] were all confirmed to be abnormally expressed
in EC. Furthermore, the biological functions of IncRNAs
are closely related to microRNAs. MicroRNAs are special
non-coding RNA that can be widely observed in eukary-
otic organisms. They are ~19-25 nucleotides in length.
MicroRNAs are involved in the regulation of cell cycle,
differentiation, development, metabolism and aging. At
present, there are more than 2,000 specific microRNAs in
the human genome. Although they do not have open read-
ing frames and encode proteins, they can complement and
pair with the base of the 3’ untranslated region (UTR) of
the RNA, which inhibits their translation and regulates
the sequential expression of genes in organisms at the
transcriptional and post-transcriptional levels, thus, exert-
ing their biological effects [22]. Some IncRNAs can reg-
ulate the activity of microRNAs by “sponge” adsorption,
thereby affecting the transcription and expression of down-
stream target genes and participating in the occurrence
and development of malignant tumors. These IncRNAs are
also known as competitive endogenous RNA (ceRNA).In
recent years, some scholars have sorted out the role and
application of IncRNAs in EC. Huang et al. [23] sum-
marized the function of IncRNA in EC, focusing on the
IncRNA-mediated regulatory mechanism that affects the
biological characteristics of EC. Su et al. [24] focused on
the regulatory mechanism of IncRNAs in EC and dis-
cussed their potential clinical applications as diagnostic
and prognostic biomarkers. Yu et al. [25] discussed the
role of competitive endogenous RNA networks in ESCC
and identified several meaningful IncRNAs related to the
prognosis of ESCC. These published literature articles pro-
vide basic materials and ideas for the development of this
review. However, with the increasing number of studies
on IncRNAs-mediated EC, it is necessary to summarize
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the latest research results and further sort out and sum-
marize them. In this review, we intend to review and
discuss the involvement of IncRNAs in the progression
of EC.

2 | INVOLVEMENT OF IncRNAs IN THE
GROWTH OF EC

Escaping proliferation inhibition, resisting apoptosis are
the most common biological characteristic of EC cells.
Studies have found that abnormal expression of IncRNAs
is closely related to the biological behavior of EC cells,
such as proliferation, apoptosis and cell cycle abnormali-
ties (Table 1).

2.1 | Promoting proliferation

The growth of normal cells depends on the regulation
of growth factors, but EC cells can maintain their abil-
ity to continue to proliferate with little or no growth
factors, Chen et al. [26] found that the expression of
IncRNA SBF2-ASI was significantly up-regulated in ESCC
cells, and the proliferation ability of ESCC was signifi-
cantly reduced after silencing IncRNA SBF2-AS1. There-
fore, IncRNA SBF2-ASI is considered as a new biomarker
in ESCC and potential therapeutic target. Liu et al. [27]
found that IncRNA DUXAP8 can promote the prolifera-
tion of EC cells and may be an important regulator of
EC. In order to determine the biological role of IncRNA
DLX6-AS1 in ESCC cells, Tian et al. [28] carried out
in vitro functional loss experiments. The transfection of
IncRNA DLX6-ASI1 targeting oligonucleotides (si-d1x6-as1)
was found to hinder the expression of IncRNA DLX6-
AS1 in EC9706 and KYSE-520 cells Compared with neg-
ative control group, cell counting kit-8 (CCK-8) assay
and colony formation analysis showed that the silenc-
ing of IncRNA DLX6-AS1 could significantly inhibit the
proliferation of ESCC cells and reduce the number of
colony formation, respectively. These results suggested
that IncRNA DLX6-AS1 could accelerate the proliferation
of ESCC cells in vitro, suggesting that IncRNA DLX6-AS
played an important role in ESCC. Wu et al. [18] demon-
strated that IncRNA CASC9 promoted the proliferation of
EC cells by recruiting enhancer of zeste homolog 2 (EZH2)
and subsequently changes H3K27me3 level to negatively
regulate programmed cell death 4 (PDCD4) expression for
the first time. As carcinogenic genes, IncRNA SBF2-AS]1,
IncRNA DUXAPS, IncRNA DLX6-AS1 and IncRNA CASC9
may be biomarker with diagnostic or prognostic value in
ESCC.

WILEY-1

2.2 | Inhibiting proliferation

LncRNA LET, also known as NPTN intron transcript 1,
is 2606 nucleotides in length and located on chromo-
some 15g24.1. As the latest identified IncRNA, IncRNA
LET is under-expressed in several cancers and used as
a tumor inhibitor [29, 30]. Chen et al. [31] investigated
the expression, clinical significance and biological role of
microRNAs-548k and IncRNA LET in ESCC. Bioinformat-
ics analyses and cell experiments showed that IncRNA LET
could inhibit the proliferation of ESCC cells, was a direct
target of microRNA-548k, and mediated the carcinogenic
effect of microRNA-548k in ESCC. These data indicated
that the regulation axis of microRNA-LET could be used
as a potential biomarker and therapeutic target in ESCC.

2.3 | Inhibiting apoptosis

Apoptosis is a process of cell death caused by endogenous
and exogenous factors triggering the intracellular death
program. The infinite growth of EC cells is related to the
inhibition of apoptosis, so the apoptosis disorder is closely
related to the occurrence of EC. Fan et al. [32] confirmed
that IncRNA SNHG®6 significantly inhibited ESCC apopto-
sis. The overexpression of IncRNA PLncRNA-1 was related
to the stage of advanced tumors and lymph node metas-
tasis, and it could be a potential prognostic marker and
therapeutic target of ESCC. Wang et al. [33] confirmed
that IncRNA PLncRNA-1 could inhibit the apoptosis of
ESCC cells. In a study by Tian et al. [28], the authors
examined the expression and biological role of IncRNA
DLX6-AS1 in EC and found that the down-regulation of
DLX6-AS1 could accelerate the apoptosis of ESCC cells
and affect the expression of apoptosis-related protein B-cell
lymphoma-2 (Bcl-2). Moreover, bioinformatics predictions
showed that DLX6-ASI had a binding site of microRNA-
99a/100, while microRNA-99a/100 had a mammalian tar-
get of rapamycin (mTOR) targeting site. Another study
confirmed that microRNA-99a/100 promoted apoptosis by
targeting mTOR in human ESCC. [34]. Yoon et al. [35]
reported that IncRNA LUCAT1 promoted tumorigenesis
by controlling ubiquitination and stability of DNA methyl-
transferase 1in ESCC. In conclusion, these data suggested
that IncRNA DLX6-AS1 and IncRNA lucatl acted as an
oncogene by inhibiting the apoptosis of EC cells.

2.4 | Inducing apoptosis

Contrary to IncRNA and IncRNA LUCAT1, some IncRNAs
can induce apoptosis in EC. Huang et al. [36] detected the
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expression level of IncRNA MEG3 in 28 cases of ESCC and
adjacent tissues, and found that the expression of mater-
nally expressed gene 3 (MEG3) in cancer tissues was signif-
icantly reduced. Further studies showed that MEG3 could
induce the apoptosis of cancer cells. Lv et al. [37] reported
that the expression of IncRNA MEG3 was down-regulated
in ESCC, which could activate p53 and induce the apop-
tosis of cancer cells. It can be seen that IncRNA MEG3 is
involved in regulating the apoptosis of EC cells.

2.5 | Affecting cell cycle

Abnormal regulation of tumor cell proliferation is the
result of disordered control of cell cycle correction points.
This disorder is secondary to abnormalities in genes that
regulate cell cycle correction points or mutations or abnor-
mal expression of oncogenes or tumor suppressor genes
that encode proteins in the transmembrane signal trans-
duction pathway that control cell proliferation. Lu et al.
[38] reported that the knockout of IncRNA BC032469 in
TE13 and ECA109 cells could induce cell cycle arrest at
the GO/G1 phase. Cell cycle analysis showed that inhibit-
ing the expression of IncRNA CASC9 resulted in cell cycle
arrest in G1 phase of cancer cells KYSE450 and KYSE150
and decrease in the proportion of S phase cells [18]. In
view of the fact that IncRNA MALATI significantly pro-
motes ESCC cell growth in vitro and in vivo, Hu et al. [39]
confirmed that inhibiting IncRNA MALAT1 might acti-
vate ATM-CHK?2 pathway in EC cells and ultimately led to
G2/M stagnation in EC. There are growing evidence that
HOXA transcripts at the distal tip (HOTTIP) of the Send
are dysfunctional in various cancers. Chen et al. [26] found
that IncRNA SBF2-ASI could be related to the cell cycle
of EC and could affect the G2 phase transition of ECA109
cells through reducing the expression of cyclin-dependent
kinase inhibitor 1A (CDKNIA). It can be seen from the
above research that IncRNAs mediate the abnormal cycle
of EC cells.

3 | THE INVOLVEMENT OF IncRNAs IN
THE INVASION AND METASTASIS OF EC

3.1 | Promoting invasion and metastasis

Tumor cell invasion and metastasis is a complex process,
which is affected by many factors, such as microenviron-
ment, host cells, genes, signal molecules and so on. Liu
et al. [40] found that IncRNA AKO001797 could regulate
ESCC cell growth and cell cycle by activating murine dou-
ble minute 2 (MDM2)/p53 signal, significantly increased
the proportion of S-phase ESCC cells and reduced the pro-
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portion of G2/M phase ESCC cells. Pan et al. [41] studied
the expression and function of IncRNA CASC9 in ESCC.
They found that the expression of IncRNA CASC9 was
significantly up-regulated in ESCC tissues. In addition,
the knockout of IncRNA CASC9 significantly inhibited
the migration and invasion of ESCC cells, suggesting that
IncRNA CASC9 might be a new marker of poor prognosis
of EC and a potential therapeutic target for intervention
of EC. Tian et al. [28] conducted the experiments to
explore the effect of IncRNA DLX6-AS1 on the invasion of
ESCC cells. Transwell invasion experiment showed that
the number of invasive cells in the IncRNA DLX6-AS1
knockout group was lower than that in the control group
in ESCC cell lines (EC9706 and KYSE-520). Western blot
analysis showed that the levels of mTOR, Bcl-2 and matrix
metalloproteinase-2 (MMP-2) in ESCC cell lines were
lower than those in the control group. Therefore, these
data suggested that IncRNA DLX6-AS1 could promote the
invasion of ESCC cells. In order to study the biological
function of IncRNA SNHG6 in ESCC, Zhang et al. [19]
introduced si-SNHG6 into EC109 and EC1 cells to inhibit
the expression of IncRNA SNHG6. The results showed that
the expression of small nuclear RNA host gene 6 (SNHG6)
significantly decreased after transfection with si-SNHG6-1
and si-SNHG6-2. The silencing efficiency in EC109 was
75.4% and 77.3%, respectively, and in EC1 was 80.8% and
79.4%, respectively. The transwell assay result showed that
IncRNA SNHGS6 could enhance the migration ability of
EC109 and ECI1 cells. Compared with the si-NC group,
the numbers of migrating cells in the si-SNHG6-1 and
si-SNHG6-2 groups were significantly decreased. At the
same time, compared with the si-NC group, the invasive
ability of the si-SNHG6-1 and si-SNHG6-2 groups was sig-
nificantly inhibited. These results suggested that IncRNA
SNHG6 might play a carcinogenic role in ESCC. Lu et al.
[38] used real-time quantitative reverse transcription-
polymerase chain reaction to detect the specific differential
expression of IncRNA BC032469 in ESCC and evaluated
the role of IncRNA BC032469 in the occurrence and devel-
opment of EC by silencing and overexpressing IncRNA in
vitro and in vivo. The results showed that the expression
level of IncRNA BC032469 in ESCC was higher than that
in corresponding non-cancerous tissues, while knockout
of low IncRNA BCO032469 inhibited the migration and
invasion of EC cells. Western blotting analysis showed that
IncRNA BC032469 could regulate the expression of human
telomerase reverse transcriptase (hTERT), which is very
important for cell invasion and metastasis. In addition,
the restored expression of hTERT protein could weaken
the inhibition of IncRNA BC032469 on ESCC cells. In con-
clusion, these results showed that IncRNA-BC032469 was
a carcinogenic IncRNA that promoted cancer progression.
Yoon et al. [35] transfected KYSE-30 cells and HCE-4 cells
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with si-LUCAT1, and then determined wound healing and
invasion. It was noteworthy that si-LUCATI significantly
inhibited wound closure compared with cells transfected
with si-NC. The invasion of KYSE-30 cells and HCE-4
cells was also significantly reduced by transfection with
IncRNA LUCAT1 small interfering RNA (si-LUCATI).
These effects of LUCATI siRNA were significantly blocked
by pcDNA-LUCATI transfection. Meanwhile, transfection
of si-LUCATI reduced the expression of N-cadherin, snail
and Zinc finger E-box binding homeobox-1 (ZEBI), while
the expression of E-cadherin increased. Overexpression of
IncRNA LUCAT1 could reverse these changes suggesting
that IncRNA LUCATI was involved in the invasion and
migration of EC cells. Further studies have shown that
this was related to the ubiquitination of DNA methyltrans-
ferase 1 (DNMTT1) regulated by IncRNA LUCAT1I.

LncRNA HOTAIR is a 2158 NT long IncRNA in the
human genome. It is located between HoxC11 and HoxC12
genes on chromosome 12 and regulates the Hox gene fam-
ily [42]. It has been reported that IncRNA HOTAIR can also
inhibit the expression of WNT inhibitory factor 1 (WIF-
1) in ESCC by binding with polycomb repressive complex
2 (PRC2) complex, and then activate histone and Wnt/§-
catenin pathways in H3K27 promoter region [43]. Chen
et al. [15] also reported that the expression of IncRNA
HOTAIR was significantly higher in EC than in adjacent
non-cancerous tissues band multivariate analysis showed
that the expression of IncRNA HOTAIR was an indepen-
dent prognostic factor for lymph node metastasis. It can
be seen from the above that IncRNA AK001797, IncRNA
CASC9, IncRNA DLX6-AS1 and other IncRNAs promote
the invasion and metastasis of EC cells through different
mechanisms.

3.2 | Inhibiting invasion and metastasis

Metastasis and spread are one of the reasons why EC
is difficult to cure, and certain IncRNAs can effectively
inhibit the invasion and metastasis of EC cells. Zhang
et al. [44] showed that antisense IncRNA EZR-AS1 was
positively correlated with ezrin (EZR) expression in ESCC
tissues and cell lines. LncRNA EZR-ASI promotes cell
migration by up-regulating EZR expression. In mecha-
nism, antisense IncRNA EZR-AS1 forms a complex with
RNA polymerase II to activate EZR transcription. In addi-
tion, IncRNA EZR-AS1 can also recruit SET and MYND
domain-containing protein 3 (SMYD3) to binding sites
in GC-rich regions downstream of EZR promoter to pro-
mote their binding. The interaction between IncRNA EZR-
AS1 and SMYD3 can further enhance the transcription
and expression of EZR, suggesting that IncRNA EZR-
AS1, as a member of RNA polymerase complex, plays an

important role in inhibiting the invasion of EC cells by
inhibiting SMYD3-dependent H3K4 methylation. These
results showed that IncRNAs inhibited EC cells invasion
and metastasis through affecting related gene expression.

3.3 |
(EMT)

Epithelial-mesenchymal transition

EMT plays an important role in the invasion of various
types of cancer by transforming adherent and polarized
epithelial cells into invasive and active mesenchymal cells
[45]. Transcription factors, such as Twist and Snail in EMT,
can increase the expression level of interstitial markers and
decrease the expression of epithelial markers. The rupture
of tight junctions can lead to the loss of epithelial mark-
ers and the acquisition of mesenchymal markers [46].The
expression level of IncRNA FAL1 in ESCC cell lines was
found to increase abnormally. Knockout of IncRNA FAL1
inhibited cell invasion and EMT by affecting related genes,
while overexpression of IncRNA FAL1 had the opposite
effect, suggesting that IncRNA FAL1 could promote the
invasion of EC cells [47]. Huang et al. [48] found that
IncRNA H19 might be involved in the regulation of EMT
marker expression in EC cell lines. Lin et al. [49] stud-
ied the role of IncRNA HOTTIP in ESCC and observed
that IncRNA HOTTIP was up-regulated in ESCC and pro-
moted cell metastasis in vivo and in vitro. Interestingly, as a
molecular sponge, IncRNA HOTTIP has the binding site of
microRNA-30b, which can regulate the level of microRNA-
30b in nucleus and cytoplasm, thus mediating the inhibi-
tion of HOXAI13. In addition, IncRNA HOTTIP upregulates
Snail 1 through competitively binding to microRNA-30b,
and then promotes EMT and invasion. Therefore, one of
the pathways of IncRNAs mediated the development of EC
is to affect the EMT process.

4 | THE INVOLVEMENT OF IncRNAs IN
THE DRUG RESISTANCE OF EC

Chemoradiotherapy is an important method for the treat-
ment of EC. However, with the prolongation of treatment
time, EC cells could become less sensitive to chemoradio-
therapy, and even develop resistance to drugs or radiother-
apy schemes. This phenomenon is called drug resistance,
including primary and acquired resistance, is one of the
most difficult and complex problems in the treatment of
malignant tumors.Lin et al. [50] reported that IncRNA
LINC0261 could induce the chemosensitivity of EC cells to
fluorouracil (5-FU) by regulating methylation-dependent
inhibition of dihydropyrimidine dehydrogenase in human
EC. But there are many other studies have confirmed that
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most of the IncRNA could enhance the resistance of EC to
radiotherapy and chemotherapy. Zhou et al. [51] reported
that the expression of IncRNAs AFAP1-AS1, UCAI and
HOTAIR in cisplatin -resistant EC cells was imbalanced
compared with their parent cells. Jiang et al. [52] found
that the expression level of IncRNA TUG1 in ESCC tissues
was significantly higher than that of matched adjacent
normal tissues, and the high expression of IncRNA TUG1
was significantly correlated with chemotherapy resistance.
Subsequent survival analysis showed that the prognosis of
patients with high expression of IncRNA TUG1 was poor,
especially for well-differentiated and moderate, ulcerative,
small size and chemo-sensitive tumors. Compared with
normal adjacent tissues, the expression of IncRNA PCAT-1
was higher in EC, especially in secondary EC. Overexpres-
sion of IncRNA PCAT-1 could increase the proliferation
rate and growth of EC cells, and reduce the chemical
sensitivity of cells to cisplatin, which showed that IncRNA
PCAT-1 promoted the development of EC and inhibited
the sensitivity of EC to cisplatin [53]. Tong et al. [54] used
quantitative real-time polymerase chain reaction to detect
the expression of IncRNA LOC285194 in biopsy specimens
and matched normal tissues of ESCC patients who under-
went surgery or resection after preoperative radiotherapy.
Then, the relationship between the expression of IncRNA
LOC285194 and clinicopathological features and prognosis
was analyzed. The data showed that the expression of
IncRNA LOC285194 in ESCC tumors was significantly
lower than that in adjacent normal tissues. The complete
remission rate was 57% in the group with high expression
of IncRNA LOC285194 and 15% in the group with low
expression of IncRNA LOC285194. Univariate analyses
showed that low expression of IncRNA LOC285194 was
significantly correlated with the response to radiotherapy
and chemotherapy. In addition, Kaplan-Meier survival
analysis showed that the disease-free survival rate and
overall survival rate of patients with low expression of
IncRNA LOC285194 decreased. Multivariate analysis
further confirmed that the low expression of IncRNA
LOC285194 was an independent prognostic factor for
chemoradiotherapy. Drug transporter-mediated drug
resistance is one of the mechanisms of drug resistance.
Excitatory transporters are highly expressed in most drug-
resistant cells, such as P-glycoprotein (P-gp), multidrug
resistance protein 1 (MRPI), multidrug resistance protein
2 (MRP2), breast cancer resistance protein (BCRP) and
more. They can excrete different kinds of chemother-
apeutic drugs from cells, resulting in the reduction of
intracellular drug concentration, thereby reducing the tox-
icity of drugs to cancer cells [55, 56]. At present, resistance
to gefitinib and other anti-tyrosine kinase inhibitors has
become a major obstacle to improve the clinical prognosis
of patients with advanced metastasis of ESCC. Although

WILEY—2

IncRNA can regulate the biological behavior of EC cells,
the role of IncRNA on drug efflux transporters in cells
has not been fully elucidated. Therefore, Kang et al. [57]
studied the potential role of LncRNA in the formation of
chemoresistance in human EC. They found that compared
with parental ESCC cells, LncRNA PART1 up-regulated
signal transducer and activator of transcription 1 (STATI)
in gefitinib-resistant cells, in which STATI could bind to
the promoter region of IncRNA PART], leading to its acti-
vation. Inhibition of IncRNA PART!1 effectively promotes
gefitinib-induced cell death, while increase of IncRNA
PART1 promotes gefitinib resistance and Bcl-2 expression
in EC cells by competitive binding to microRNA-129[57].
In addition, extracellular IncRNA PART1 was shown
to incorporate exosomes and enhance the resistance of
other cells to gefitinib. Chen et al. [58] found that the
high expression of IncRNA VLDLR and IncRNA ABCG2
genes affected the formation of drug resistance in EC.
Extracellular vesicles released by drug-resistant cells
can up-regulate the expression of IncRNA ABCG2 in
EC cells, thus regulating the drug resistance of EC cells.
These results suggested that the abnormal expression
of IncRNAs was associated with chemosensitivity of
EC and may be helpful to predict the poor prognosis
of EC.

5 | CONCLUSION

In conclusion, the abnormal expressions of IncRNAs affect
the proliferation, apoptosis, invasion, metastasis, and drug
resistance of EC cells through related genes or signaling
pathways, which provides new approaches for the diagno-
sis, targeted therapy and evaluation of therapeutic effect of
EC (Table 1). However, the research on IncRNA is still lack-
ing in depth. With the continuous application of new tech-
nologies, the understanding of the mechanism of IncRNAs
in EC will become more and more complete and accurate.
Just as IncRNAS play multiple roles in EC, IncRNAs are
expected to become a new diagnostic, drug resistance and
prognostic indicator of EC.
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