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Dysregulation of long noncoding RNA (IncRNA) is implicated in the initiation and
progression of various tumors, including endometrial cancer (EC). However, the
mechanism of INcRNAs in EC tumorigenesis and progression remains largely
unexplored. In this work, we identified a novel INcRNA DC-STAMP domain-containing
1-antisense 1 (DCST1-AS1), which is highly upregulated and correlated with poor survival
in EC patients. Overexpression of DCST1-AS1 significantly enhanced EC cell proliferation,
colony formation, migration, and invasion in vitro and promoted tumor growth of EC in
vivo. Mechanistically, DCST1-AS1 mediated EC progression by inducing the expression
of homeobox B5 (HOXB5) and cell adhesion molecule 1 (CADM1), via acting as a
competing endogenous RNA for microRNA-665 (miR-665) and microRNA-873-5p
(miR-873-5p), respectively. In addition, we found that the expression of miR-665 and
miR-873-5p was significantly downregulated, while HOXB5 and CADM1 expression
levels were increased in EC tissues. Taken together, our findings support the important
role of DCST1-AS1 in EC progression, and DCST1-AS1 may be used as a prognostic
biomarker as well as a potential therapeutic target for EC.

Keywords: endometrial cancer, long noncoding RNA, DC-STAMP domain-containing 1-antisense 1, microRNA-665,
homeobox B5, microRNA-873-5p, cell adhesion molecule 1

INTRODUCTION

Endometrial cancer (EC) is the most common malignant gynecological cancer in women (1, 2).
Most women diagnosed with EC have the early-stage disease and show favorable outcomes (3, 4).
However, there is a subset of ECs in which metastasis and recurrences do occur (3, 4).

Abbreviations: EC, endometrial cancer; IncRNAs, long noncoding RNAs; DCST1-AS1, DC-STAMP domain-containing
1-antisense 1; HESCs, human normal endometrial stromal cells; NC, negative control.
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Clinical outcomes worsen considerably for women diagnosed
with clinically aggressive disease (5). Thus, there is an urgent
need to develop more effective strategies for the diagnosis and
treatment of EC.

Long noncoding RNAs (IncRNAs) represent a large class of
nonprotein-coding transcripts larger than 200 nucleotides (6, 7).
Numerous IncRNAs are aberrantly expressed in a broad
spectrum of cancers, and they play important roles in
regulating gene expression (6, 7). LncRNAs could act as guides
to promote or inhibit transcription and as scaffolds by interacting
with chromatin-modifying complexes (8). Furthermore,
IncRNAs function as competing endogenous RNAs (ceRNAs)
to sponge microRNAs (miRNAs), indirectly modulating gene
expression (7). In human tumors, IncRNAs are considered as
regulators of multiple cancer phenotypes, including tumor cell
proliferation, motility, invasion, and metastasis (9). For example,
IncRNA small nucleolar RNA host gene 5 (SNHG5) sponged
miR-25-3p to enhance B-cell translocation gene 2 (BTG2)
expression, thereby repressing EC cell proliferation (10).
LncRNA nuclear paraspeckle assembly transcript 1 (NEAT1)
was found to promote EC cell growth and invasion through its
interaction with miR-144-3p or targeting miR-361 (11, 12).
Additionally, IncRNA titin-antisense RNA1 (TTN-AS1) and
IncRNA taurine-upregulated gene 1 (TUG1) were
demonstrated to promote EC progression by sponging
miRNAs (13, 14). Furthermore, another IncRNA steroid
receptor RNA activator (SRA) was considered to promote EC
progression by activating the Wnt signaling (15).

LncRNA DC-STAMP domain-containing 1-antisense 1
(DCST1-AS1) was overexpressed in various tumor types,
including breast cancer, glioblastoma, cervical cancer, and
hepatocellular carcinoma (16-19). Elevated expression of
DCST1-AS1 regulates cancer progression by sponging different
miRNAs and influencing the downstream signaling pathways
(16-19). However, our current understanding of DCST1-AS1 in
EC is still limited. Recently, DCST1-AS1 was demonstrated to
promote EC cell invasion by sponging miR-92a-3p and
upregulating the expression of Notchl (20). The function and
mechanism of DCSTI1-AS1 involved in regulating EC
progression remain unexplored.

In this study, we predicted that DCST1-AS1 potentially
interacts with microRNA-665 (miR-665) and microRNA-873-
5p (miR-873-5p), which play important roles in a series of
cancers acting as either oncogene or repressor (21-23). Our
study demonstrated that DCST1-AS1 was upregulated in EC
tissues and its expression was associated with worse patient
outcomes. DCST1-AS1 could promote EC progression by
binding with miR-665 and miR-873-5p and inducing the
expression of homeobox B5 (HOXB5) and cell adhesion
molecule 1 (CADMI1), respectively. Therefore, we revealed a
novel mechanism by which IncRNA DCST1-AS1 facilitated EC
proliferation via the miR-665/HOXB5 axis and the miR-873-5p/
CADM1 axis. Thus, these signaling pathways might be potential
targets for developing therapeutic strategies for the treatment
of EC.

MATERIALS AND METHODS

Patient Tissue Specimens

Seventy pairs of human EC tissues and corresponding adjacent
normal tissues were obtained from patients treated in People’s
Hospital of Rizhao. All patients signed the informed consent
form for the use of samples, and this study was approved by the
Ethical Committee on Scientific Research of People’s Hospital of
Rizhao. All tissue samples were immediately frozen in liquid
nitrogen after surgical removal and stored at —80°C.

Cell Culture and Transfection

Four human EC cell lines (HEC-1A, HEC-1B, RL-95-2, and JEC)
and human normal endometrial stromal cells (HESCs) were
obtained from the ATCC. Cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) (Gibco, Carlsbad, CA, USA)
supplemented with 10% fetal bovine serum (FBS, Gibco) at 37°C
in a 5% CO, incubator. Two small interfering RNAs (siRNAs)
targeting IncRNA DCST1-AS1, negative control siRNA (si-NC),
miR-665 mimic, miR-873-5p mimic, control mimic (miR-NC),
miR-665 inhibitor, miR-873-5p inhibitor, control inhibitor,
pcDNA-HOXB5, pcDNA-CADMI1, and empty vector
(pcDNA3.1) were synthesized by GenePharma Co., Ltd.
(Shanghai, China). Briefly, EC cells were seeded into six-well
plates at 70% cell confluence. Cell transfection was conducted
using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA)
according to the protocol of the manufacturer. After
transfection, EC cells were cultured for the indicated time and
subjected to the following experiments.

RNA Extraction and Quantitative
Real-Time PCR

Total RNA was extracted from frozen tissues or cell lines using
TRIzol reagent (Invitrogen), and then was reverse transcribed
into complementary (cDNA) using PrimerScript RT reagent
(TaKaRa, Dalian, China). The quantitative real-time PCR
(qRT-PCR) assay was conducted using SYBR Green Mix
(TaKaRa) on a Bio-Rad system. GAPDH was used as the
internal control. The primer sequences for qRT-PCR are listed
in Table 1.

Cell Counting Kit-8 Assay

Cell viability experiment was conducted using a Cell Counting
Kit-8 (CCK-8) assay (Dojindo Laboratories, Kumamoto, Japan).
Briefly, cells were transfected and seeded into 96-well plates.
Twenty-four, 48, and 72 h later, the CCK-8 solution was added to
each well and incubated for 4 h at 37°C. The absorbance of each
well was measured at 450 nm wavelength using a microplate
reader (PerkinElmer, Shanghai, China). All assays were
performed in triplicate.

Colony Formation Assay

EC cells were seeded on six-well plates and maintained in the
culture media at 37°C for 2 weeks. Then, cells were fixed with 4%
paraformaldehyde for 10 min and stained using 0.1% crystal

Frontiers in Oncology | www.frontiersin.org

August 2021 | Volume 11 | Article 714652


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Wang et al.

DCST1-AS1 Promotes EC

TABLE 1 | The primers sequence for gRT-PCR assay.

Gene Forward Reverse

LncRNA DCST1-AS1 TTCGTCTGGTCCCAATGTGTGG AAGCAGGACGAGTAAACCAACC
U6 GCTTCGGCAGCACATATACTAAAAT CGCTTCACGAATTTGCGTGTCAT
miR-665 GCCGAGACCAGGAGGCUGA CTCAACTGGTGTCGTGGA
miR-873-5p GCAGGAACUUGUGAGUCUCCU AGGAGACUCACAAGUUCCUGC
GADPH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG
HOXB5 TGCATCGCTATAATTCATT GCCTCGTCTATTTCGGTGA
CADM1 TCAACACGCCGTACTGTCTG GTGGGAGGAGGGATAGTTGTG

violet solution for 30 min at room temperature. The number of
colonies was counted using Image] software.

Cell Migration and Invasion Assay

The transfected cells were seeded in the top chamber in 200 pl of
serum-free DMEM medium (Gibco) with Matrigel (BD
Biosciences, San Jose, CA, USA), and a complete medium
(750 pL) containing 10% FBS was added to the lower chamber.
After 24 or 48 h, the migrated or invaded cells were fixed and
stained with crystal for 15 min at room temperature. Five
random fields per well were observed, and the cells were
counted under the microscope.

Flow Cytometry Analysis

The apoptosis of EC cells was examined using an Annexin V-
FITC/propidium iodide (PI) staining assay (BD Biosciences).
After washing with cold PBS, the cells were resuspended in
binding buffer followed by staining with Annexin V-FITC/PI at
room temperature for 15 min in the dark. Apoptotic cells were
evaluated by a fluorescence-activated cell sorting (FACS) flow
cytometer (BD Biosciences). All experiments were performed
in triplicate.

Luciferase Reporter Assay

The wild-type (WT) fragments of DCST1-AS1 3’-untranslated
region (UTR), HOXB5 3'-UTR, and CADM1 3'-UTR were
synthesized and cloned into pGL3 vector (Promega
Corporation, Madison, WI, USA).

Mutations (MUT) of the miRNA-binding sites in the DCST1-
AS1, HOXB5 3’-UTR, and CADMI1 3'-UTR were generated
using a QuickChange site-directed mutagenesis kit (Stratagene,
La Jolla, CA, USA). Then, miR-665 mimic, miR-873-5p mimic,
or control mimic was co-transfected with the indicated reporter
plasmids into EC cells using Lipofectamine 2000 (Invitrogen).
Luciferase assays were performed using the Dual-Luciferase
Reporter Assay System (Promega) according to the
instructions of the manufacturer.

Tumor Xenograft Studies

Animal experiments were approved by the Institutional Animal
Care and Use Committee of the People’s Hospital of Rizhao.
Four- to 6-week-old female nude mice were purchased from the
Shanghai Laboratory Animal Center of the Chinese Academy of
Sciences (Shanghai, China) and were randomly divided into two
groups for further study. We established stable EC lines using
shRNA against IncDCST1-ASI or control shRNA. EC cells with

stable knockdown of IncDCST1-AS1 or control cells were
injected subcutaneously into the flanks of nude mice. Tumor
volume was calculated as length (mm) x width? (mm?) x 0.5.
After 40 days, tumors were harvested and weighed.

Bioinformatics

The expression level of IncRNA DCST1-AS1, miR-665, miR-
873-5p, HOXB5, and CADM1 was examined using the
Encyclopedia of RNA Interactomes (ENCORI) database
(http://starbase.sysu.edu.cn/). The online website tool DIANA-
TarBase (https://carolina.imis.athena-innovation.gr/diana_tools/
web/index.php) was used to predict the interaction between
microRNAs, DCST1-AS1, and mRNAs.

Statistical Analysis

All data were presented as means * standard deviation. Student’s
t-test was used to compare the difference between the two
groups. One-way analysis of variance (one-way ANOVA) was
used to analyze the differences among multigroups. All of the
statistical calculations were performed using GraphPad Prism 5
software (San Diego, CA, USA). P <0.05 was considered
statistically significant: *P < 0.05, **P < 0.01, and ***P < 0.001.

RESULTS

LncRNA DCST1-AS1 Is Overexpressed in
EC Tissues and Cell Lines

We first compared the expression of IncRNA DCST1-AS1 in
normal endometrial tissues (n = 35) and EC tissues (n = 548)
using the online database ENCORI. As shown in Figure 1A,
IncRNA DCST1-AS1 was significantly upregulated in EC tissues
compared with normal endometrium tissues. Our qRT-PCR
analysis of IncRNA DCST1-AS1 expression from 70 pairs of
EC tissues and adjacent normal tissues showed that IncRNA
DCST1-AS1 was overexpressed in EC patients (Figure 1B).
Consistently, the expression of IncRNA DCST1-AS1 was
significantly higher in EC cell lines than that in human normal
endometrial stromal HESC cells (Figure 1C). Furthermore, 70
EC patients were classified into IncRNA DCST1-AS1 low and
IncRNA DCST1-AS1 high groups. The results revealed that the
expression of DCST1-AS1 was not related to the age and gender
of the patients, but higher expression of DCST1-AS1 was
significantly associated with larger tumor size, advanced TNM
stage, and lymph node metastasis (Table 2).
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FIGURE 1 | LncRNA DC-STAMP domain-containing 1-antisense 1 (DCST1-AS1) expression is overexpressed in endometrial cancer (EC) tissues and cell lines.
(A) The expression of INcRNA DCST1-AS1 in 548 EC tissues and 35 normal endometrium tissues (ENCORI database). (B) gRT-PCR analysis of DCST1-AS1
expression in 70 EC tissues and matched normal tissues. (C) Comparison of INcRNA DCST1-AS1 expression in the indicated EC cell lines and human normal
endometrial stromal HESC cells using the gRT-PCR assay. (D) Kaplan—Meier curves for overall survival (OS) (left) and progression-free survival (PFS) (right) in EC

Survival analysis using the Kaplan-Meier (KM)-plotter
database suggested that those patients with high DCST1-AS1
expression had worse overall survival (OS) and progression-free
survival (PFS) than those with low DCST1-ASlexpression
(Figure 1D). All these results suggested that DCST1-AS1 is
overexpressed in EC and correlated with poor clinical outcomes.

Depletion of LncRNA DCST1-AS1

Inhibits EC Cell Proliferation, Migration,
and Invasion

To investigate the role of IncRNA DCST1-AS1 in EC, we silenced
the expression of IncRNA DCST1-AS1 in EC cell lines using
siRNAs and examined the effect of DCST1-AS1 knockdown on
EC cell proliferation, migration, and invasion. First, we
confirmed the transfection efficiency by qRT-PCR analysis
(Figure 2A). Then, CCK-8, colony formation, migration, and
invasion assays suggested significant inhibition of proliferation,

growth, migration, and invasion of EC cells transfected with
DCST1-AS1 siRNA compared with those transfected with
control siRNA (Figures 2B-E). Moreover, silencing of IncRNA
DCST1-AS1 enhanced cell apoptosis (Figure 2F). Together,
these results suggested that IncRNA DCST1-AS1 functions as
an oncogenic IncRNA in EC.

LncRNA DCST1-AS1 Acts as a Sponge for
miR-665 and miR-873-5p

To explore how DCST1-ASI1 exerts its function, we predicted
miRNAs that can bind with DCST1-AS1 using the online
database. The results showed that DCST1-AS1 contains the
putative binding sites for miR-665 and miR-873-5p
(Figure 3A). Using luciferase reporter assays, we showed that
overexpression of miR-665 and miR-873-5p reduced the
luciferase activity of the wild-type DCST1-AS1 reporter gene,
but not the mutant DCST1-AS1 reporter gene (Figures 3B, C).
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TABLE 2 | Correlation between INcRNA DCST1-AS1 expression and clinicopathological factors in EC.

Factor DCST1-AS1 expression P-value
Low (n = 35) High (n = 35)
Age 0.3388
<50 15 19
>50 20 16
Sex 1
Male 0 0
Female 35 35
Tumor size 0.0168
<3cm 23 13
>3 cm 12 22
T classification 0.026
T1-T2 21 17
T3-T4 14 18
N classification 0.008
NO-N1 22 11
N2-N3 13 24
Lymph node metastasis 0.0303
No 24 15
Yes 1 20

Furthermore, we found that silencing of IncRNA DCST1-AS1
increased the expression of miR-665 and miR-873-5p
(Figures 3D, E). We tested the expression of miR-665 and
miR-873-5p in EC tissues and normal tissues using the
ENCORI database. We demonstrated that the expression of
both miR-665 and miR-873-5p was significantly
downregulated in EC samples (Figures 3F, G). The qRT-PCR
assays showed that the expression of DCST1-AS1 was negatively
correlated with miR-665 and miR-873-5p expression
(Figure 3H). These results indicated that DCST1-AS1 directly
sponges miR-665 and miR-873-5p in EC cells.

LncRNA DCST1-AS1 Sponges miR-665 to
Upregulate HOXB5 Expression
To find out genes sharing the regulatory role of DCST1-ASI and
miR-665, we predicted the target genes of miR-665 using the
DIANA database. Among the predicted genes, HOXB5 could be
potentially affected by miR-665 (Figure 4A). Our luciferase
reporter assay demonstrated that overexpression of miR-665
suppressed the luciferase activity of the wild-type HOXB5 3'-
UTR luciferase reporter, while it failed to inhibit the luciferase
activity of the mutant HOXB5 3’-UTR (Figure 4A). Western
blot analysis suggested that overexpression of miR-665 inhibited
the mRNA and protein expression of HOXB5 (Figure 4B),
suggesting that HOXB5 is the direct target gene of miR-665.
Since DCTS1-AS1 acts as a sponge of miR-665, we tried to
examine whether DCTS1-AS1 could regulate HOXB5 expression
via miR-665. We transfected EC cells with DCTS1-AS1 siRNA
(or control siRNA), along with miR-665 inhibitor (or control
inhibitor), and investigated the mRNA and protein levels of
HOXB5 using qRT-PCR and Western blot assays. As shown in
Figures 4C, D, silencing of DCST1-AS1 significantly decreased
HOXB5 mRNA and protein expression, whereas inhibition of
miR-665 rescued the expression of HOXB5. Our meta-analysis
and qRT-PCR assays demonstrated that HOXB5 was

dramatically upregulated in EC tissues compared with normal
tissues (Figure 4E). We also detected a negative correlation
between miR-665 and HOXB5 expression and a positive
correlation between DCST1-AS1 and HOXB5 expression in EC
tissues (Figure 4F). These findings suggested that DCST1-AS1
sponges miR-665 to increase HOXB5 expression in EC cells.

Knockdown of LncRNA DCST1-AS1
Decreases CADM1 Expression via
Sponging miR-873-5p

Similarly, using an online database, we found that CADMI is a
potential target gene of miR-873-5p (Figure 5A). The results from
luciferase assays suggested a direct interaction between miR-873-5p
and CADM1 3’-UTR (Figure 5A). Furthermore, we found that
overexpression of miR-873-5p significantly decreased the mRNA
and protein levels of CADM1 (Figure 5B). Our rescue experiments
supported that knockdown of DCST1-AS1 downregulated the
expression of CADMI1 in EC cells, while inhibition of miR-873-
5p had the opposite effects (Figures 5C, D). Meanwhile, CADM1
was found to be significantly upregulated in EC tissues
(Figures 5E, F). The mRNA level of CADMI was inversely
correlated with miR-873-5p expression, but positively correlated
with DCST1-AS1 expression in EC tissues (Figure 5F). These
results suggested that DCST1-AS1 induces CADM1 expression in
EC cells through sponging miR-873-5p.

LncRNA DCST1-AS1 Promotes EC
Progression via the miR-665/HOXB5
Signaling

HOXB5, a member of the HOX gene cluster, is a key regulator of
developmental processes (24), and it is implicated in multiple
human cancers including breast cancer, head and neck cancer,
and bladder cancer (25-27). Since we have shown that DCST1-
AS1 promotes HOXBS5 expression by acting as a sponge for miR-
665, we asked whether DCST1-AS1 facilitates EC progression by
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FIGURE 2 | Depletion of IncRNA DCST1-AS1 inhibits EC cell proliferation, migration, and invasion. (A) The expression of INcRNA DCST1-AS1 was measured by
RT-gPCR assay in HEC-1A and HEC-1B cells transfected with DCST1-AS1 siRNA (si-DCST1-AS1) or control siRNA (si-NC). (B) Cell Counting Kit-8 (CCK-8) assay
showed that depletion of DCST1-AS1 suppressed EC cell proliferation. (C) Colony formation assay of EC cells transfected with si-NC or si-DCST1-AS1. (D, E) Transwell
migration and invasion assay showed that DCST1-AS1 knockdown inhibited EC cell migration (D) and invasion (E). (F) Flow cytometry assay showed that DCST1-AS1
knockdown increased EC cell apoptosis. **P < 0.001.
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FIGURE 6 | LncRNA DCST1-AS1 promotes EC progression via the miR-665/HOXBS5 signaling. (A) gRT-PCR analysis of HOXBS5 expression in EC cells transfected
with HXOBS5 overexpression plasmid or control plasmid. (B) CCK-8 assay showed that either miR-665 inhibition or HOXB5 overexpression rescued EC cell
proliferative reduced by DCST1-AS1 knockdown. (C) Colony formation assay of EC cells transfected as indicated. (D, E) Transwell migration and invasion assay
showed that either miR-665 inhibition or HOXB5 overexpression rescued EC cell migration (D) and invasion (E) that was suppressed by DCST1-AS1 depletion.
(F) HEC-1A and HEC-1B cells were transfected as indicated, and cell apoptosis was determined by FACS analysis. *P < 0.05, **P < 0.01, ***P < 0.001. *P < 0.05,
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regulating the miR-665/HOXB5 signaling. To this end, we
constructed a HOXB5 overexpression plasmid (Figure 6A).

Using CCK-8, colony formation, migration, and invasion
assays, we confirmed that silencing of DCST1-AS1 suppressed
EC cell proliferation, growth, migration, and invasion, whereas
either miR-665 knockdown or overexpression of HOXB5 could
reverse the effects of DCST1-AS1 silencing (Figures 6B-E). In
addition, depletion of DCST1-AS1 increased EC cell apoptosis;
however, cell apoptosis was reduced by the transfection with
miR-665 inhibitor or HOXB5 overexpression plasmid
(Figure 6F). These data suggested that DCST1-AS1 promotes
EC cell proliferation, migration, and invasion and inhibited cell
apoptosis, at least in part, by regulating the miR-665/
HOXB5 pathway.

LncRNA DCST1-AS1 Promotes the
Malignant Features of EC Cells Through
the miR-873-5p/CADM1 Signaling

To explore whether the miR-873-5p/CADMI axis mediates the
function of DCST1-AS1 in EC cells, we constructed a CADM1
overexpression plasmid (Figure 7A). Our rescue experiments
revealed that suppression of DCST1-AS1 significantly
suppressed EC cell proliferation, migration, and invasion and
induced cell apoptosis (Figures 7B-F). In contrast, either
knockdown of miR-873-5p or CADM1 overexpression rescued
the malignant features of EC cells and reduced cell apoptosis

(Figures 7B-F). These data indicated that DCST1-AS1 promotes
the aggressive phenotype in EC cells, at least in part, by
regulating the miR-873-5p/CADM1 pathway.

LncRNA DCST1-AS1 Promotes EC Tumor
Growth In Vivo

To validate the effects of IncRNA DCST1-AS1 on tumor growth in
vivo, we injected EC cells transfected with DCST1-AS1 shRNA or
control shRNA into nude mice. The results from the tumor
xenografts in nude mice showed that the volume and weight of
subcutaneous tumors were significantly suppressed by DCST1-AS1
knockdown (Figures 8A-C). Our qRT-PCR analysis of the tumors
suggested that knockdown of DCST1-AS1 significantly increased
the expression of miR-665 and miR-873-5p, but decreased the
expression of HOXB5 and CADMI1 (Figures 8D-F). Taken
together, our results suggested that DCST1-AS1 promotes EC
growth in vivo.

DISCUSSION

LncRNAs are considered as critical epigenetic regulators, and the
aberrant expression of IncRNAs contributes to cancer
progression (28, 29). The effect of IncRNA DCST1-AS1 has
been investigated in multiple human tumors, such as breast
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cancer, cervical cancer, hepatocellular carcinoma, and
glioblastoma (17-19, 30, 31). However, the function of
DCST1-AS1 in EC is largely unknown. In the present study,
we demonstrated that DCST1-AS1 serves as an oncogenic
IncRNA in EC (20). Mechanically, we reported that DCST1-
AS1 functions as a sponge for miR-665 and miR-873-5p and
subsequently upregulates the expression of HOXB5 and
CADM], respectively.

Previous studies have shown that miR-665 could play oncogenic
or tumor-suppressive roles in various types of cancer. For instance,
miR-665 was shown to act as an oncogene in ovarian cancer by
directly inhibiting SRC kinase signaling inhibitor 1 (SRCINI)
expression (32). Elevated expression of miR-665 was associated
with poor prognosis in nonsmall cell lung cancer (33). In breast
cancer, miR-665 represses the expression of nuclear receptor
subfamily 4 group A member 3 (NR4A3) to activate the MAPK/
ERK kinase signaling (34). In contrast, the tumor-suppressor role of
miR-665 has been also reported. In osteosarcoma, miR-665
regulates Rab23 expression to inhibit tumor invasion and
metastasis (35). Additionally, miR-665 suppresses epithelial-
mesenchymal transition (EMT) and gastric cancer progression by

targeting cysteine-rich motor neuron protein 1 (CRIM1) (36).
However, little is known about the function of miR-665 in EC as
well as the association between IncRNA DCST1-AS1 with miR-665.
Here, we demonstrated that miR-665 could inhibit the proliferation
and invasiveness of EC cells, and the DST1-AS1/miR-665 axis
regulates EC development. Moreover, we screened the target
genes of miR-665 and confirmed that miR-665 directly targets
HOXBS5, which functions as a transcription factor in several cancer
types (37). The tumor-promoting roles of HOXB5 have been found
in breast cancer, gastric carcinoma, lung cancer, retinoblastoma, and
neck squamous cell carcinoma (26, 27, 38-41). In this study, we
demonstrated for the first time that HOXB5 could enhance EC cell
proliferation and invasiveness. We also revealed that DCST1-AS1
exerts oncogenic functions partly via sponging miR-665 and by
upregulating HOXB5 expression in EC.

Using the online predicting database, we identified that miR-873-
5p is another potential target of DCST1-AS1. Accumulating studies
have shown that miR-873-5p represses tumor progression in various
human cancers. For example, miR-873-5p was downregulated in
colorectal cancer and overexpression of miR-873-5p represses cancer
cell migration, invasion, and EMT through targeting ZEB1 (42, 43).
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Moreover, miR-873-5p could regulate chemokine (C-X-C motif)
ligand 16 (CXCL16) expression to inhibit thyroid cancer progression
(44). Besides, miR-873-5p was reported to reduce gastric cancer cell
proliferation by mediating hedgehog-GLI signaling (22). In
glioblastoma, miR-873-5p repressed IGF2 mRNA-binding protein
1 (IGF2BP1) expression to suppress glioblastoma tumorigenesis (45).
MiR-873-5p showed tumor-suppressive effects in esophageal cancer
via modulating the miR-873/DEC2 axis (46). In contrast, there is
also evidence showing that miR-873-5p functions as an oncogene in
hepatocellular carcinoma and lung adenocarcinoma (47, 48). In
endometrial cancer, miR-873-5p exerts a tumor-suppressor role via
directly targeting hepatoma—derived growth factor (HDGF) (49).
Consistent with this report, we demonstrated that miR-873-5p
expression was reduced in EC tissues and further proved that
miR-873-5p functions as a key tumor suppressor and a
downstream target of DCST1-AS1 in EC cells. CADM1 is a
member of single transmembrane glycoproteins that belong to the
immunoglobulin superfamily involved in synapse formation and
plasticity (50, 51). CADM1 was frequently reported as a tumor
suppressor and mostly was abrogated in various cancer types. Loss of
CADMI expression predicted poor prognosis and the development
of esophageal cancer and ovarian cancer (52, 53). Also, CADM1
exerts its tumor-suppressor effects in breast cancer, bladder cancer,
and ovarian cancer (54-56). However, we revealed that CADM1 is
overexpressed in EC and it promotes EC progression.

This study not only advances our understanding of the roles
of the DCST1-AS1/miR-665/HOXB5 pathway and DCST1-AS1/

REFERENCES

1. Clarke MA, Devesa SS, Harvey SV, Wentzensen N. Hysterectomy-Corrected
Uterine Corpus Cancer Incidence Trends and Differences in Relative Survival
Reveal Racial Disparities and Rising Rates of Nonendometrioid Cancers.
J Clin Oncol (2019) 37(22):1895. doi: 10.1200/JC0O.19.00151

2. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2020. CA Cancer ] Clin
(2020) 70(1):7-30. doi: 10.3322/caac.21590

3. Piulats JM, Guerra E, Gil-Martin M, Roman-Canal B, Gatius S, Sanz-Pamplona R,
et al. Molecular Approaches for Classifying Endometrial Carcinoma. Gynecol
Oncol (2017) 145(1):200-7. doi: 10.1016/j.ygyno.2016.12.015

4. Murali R, Soslow RA, Weigelt B. Classification of Endometrial Carcinoma:
More Than Two Types. Lancet Oncol (2014) 15(7):e268-78. doi: 10.1016/
$1470-2045(13)70591-6

5. Ray M, Fleming G. Management of Advanced-Stage and Recurrent
Endometrial Cancer. Semin Oncol (Elsevier) (2009) 36(2):145-54. doi:
10.1053/j.seminoncol.2008.12.006

6. Quinn JJ, Chang HY. Unique Features of Long Non-Coding RNA Biogenesis
and Function. Nat Rev Genet (2016) 17(1):47. doi: 10.1038/nrg.2015.10

7. Rinn JL, Chang HY. Genome Regulation by Long Noncoding RNAs. Annu Rev
Biochem (2012) 81:145-66. doi: 10.1146/annurev-biochem-051410-092902

8. Clark MB, Mattick JS. Long Noncoding RNAs in Cell Biology. Semin Cell Dev
Biol (Elsevier) (2011) 22(4):366-76. doi: 10.1016/j.semcdb.2011.01.001

9. Dong P, Xiong Y, Yue ], Hanley SJB, Kobayashi K, Todo Y, et al. Exploring

IncRNA-Mediated Regulatory Networks in Endometrial Cancer Cells and the

Tumor Microenvironment: Advances and Challenges. Cancers (2019) 11

(2):234. doi: 10.3390/cancers11020234

Li S, Shan Y, Li X, Zhang C, Wei S, Dai S, et al. IncRNA SNHG5 Modulates

Endometrial Cancer Progression Via the miR-25-3p/BTG2 Axis. ] Oncol

(2019) 2019:7024675. doi: 10.1155/2019/7024675

Wang W, Ge L, Xu XJ, Yang T, Yuan Y, Ma XL, et al. LncRNA NEAT1

Promotes Endometrial Cancer Cell Proliferation, Migration and Invasion by

10.

11.

miR-873-5p/CADM1 pathway in EC biology but also provides
these signaling pathways as new targets for developing therapy of
EC in the future.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethical Committee on Scientific Research of
People’s Hospital of Rizhao. The patients/participants provided
their written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

PS and JW designed and conducted the experiments. HT, LL,
HG, and XW analyzed the data. JW wrote the manuscript and PS
revised the manuscript. All authors contributed to the article and
approved the submitted version.

Regulating the miR-144-3p/EZH2 Axis. Radiol Oncol (2019) 53(4):434-42.
doi: 10.2478/raon-2019-0051

Dong P, Xiong Y, Yue ], Xu D, Thira K, Konno Y, et al. Long Noncoding RNA
NEAT1 Drives Aggressive Endometrial Cancer Progression Via miR-361-
Regulated Networks Involving STAT3 and Tumor Microenvironment-Related
Genes. ] Exp Clin Cancer Res (2019) 38(1):295. doi: 10.1186/s13046-019-1306-9
Shen L, Wu 'Y, Li A, Li L, Shen L, Jian Q, et al. LncRNA TTN-AS1 Promotes
Endometrial Cancer by Sponging miR-376a-3p. Oncol Rep (2020) 44
(4):1343-54. doi: 10.3892/0r.2020.7691

Liu L, Chen X, Zhang Y, Hu Y, Shen X, Zhu W. Long Non-Coding RNA TUG1
Promotes Endometrial Cancer Development Via Inhibiting miR-299 and miR-
34a-5p. Oncotarget (2017) 8(19):31386. doi: 10.18632/oncotarget.15607

Park S-A, Kim LK, Kim YT, Heo T-H, Kim HJ. Long Non-Coding RNA Steroid
Receptor Activator Promotes the Progression of Endometrial Cancer Via Wnt/f-
Catenin Signaling Pathway. Int J Biol Sci (2020) 16(1):99. doi: 10.7150/ijbs.35643
Tang L, Chen Y, Tang X, Wei D, Xu X, Yan F. Long Noncoding RNA DCST1-
AS1 Promotes Cell Proliferation and Metastasis in Triple-Negative Breast
Cancer by Forming a Positive Regulatory Loop With miR-873-5p and MYC.
J Cancer (2020) 11(2):311. doi: 10.7150/jca.33982

Hu S, Yao Y, Hu X, Zhu Y. LncRNA DCST1-AS1 Downregulates miR-29b
Through Methylation in Glioblastoma (GBM) to Promote Cancer Cell
Proliferation. Clin Trans Oncol (2020) 22:2230-5. doi: 10.1007/s12094-020-02363-1
Liu J, Zhang J, Hu Y, Zou H, Zhang X, Hu X. Inhibition of IncRNA DCST1-AS1
Suppresses Proliferation, Migration and Invasion of Cervical Cancer Cells by Increasing
miR-874-3p Expression. ] Gene Med (2020) 23(1):¢3281. doi: 10.1002/jgm.3281
Chen J, Wu D, Zhang Y, Yang Y, Duan Y, An Y. LncRNA DCST1-AS1
Functions as a Competing Endogenous RNA to Regulate FAIM2 Expression
by Sponging miR-1254 in Hepatocellular Carcinoma. Clin Sci (2019) 133
(2):367-79. doi: 10.1042/CS20180814

KeJ, Shen Z, Hu W, Li M, Shi Y, Xie Z, et al. LncRNA DCST1-AS1 was Upregulated
in Endometrial Carcinoma and may Sponge miR-92a-3p to Upregulate Notchl.
Cancer Manage Res (2020) 12:1221. doi: 10.2147/CMAR.S234891

12.

13.

14.

15.

16.

17.

18.

19.

20.

Frontiers in Oncology | www.frontiersin.org

August 2021 | Volume 11 | Article 714652


https://doi.org/10.1200/JCO.19.00151
https://doi.org/10.3322/caac.21590
https://doi.org/10.1016/j.ygyno.2016.12.015
https://doi.org/10.1016/S1470-2045(13)70591-6
https://doi.org/10.1016/S1470-2045(13)70591-6
https://doi.org/10.1053/j.seminoncol.2008.12.006
https://doi.org/10.1038/nrg.2015.10
https://doi.org/10.1146/annurev-biochem-051410-092902
https://doi.org/10.1016/j.semcdb.2011.01.001
https://doi.org/10.3390/cancers11020234
https://doi.org/10.1155/2019/7024675
https://doi.org/10.2478/raon-2019-0051
https://doi.org/10.1186/s13046-019-1306-9
https://doi.org/10.3892/or.2020.7691
https://doi.org/10.18632/oncotarget.15607
https://doi.org/10.7150/ijbs.35643
https://doi.org/10.7150/jca.33982
https://doi.org/10.1007/s12094-020-02363-1
https://doi.org/10.1002/jgm.3281
https://doi.org/10.1042/CS20180814
https://doi.org/10.2147/CMAR.S234891
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Wang et al.

DCST1-AS1 Promotes EC

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Luo J, Zhu H, Jiang H, Cui Y, Wang M, Ni X, et al. The Effects of Aberrant
Expression of LncRNA DGCR5/miR-873-5p/TUSC3 in Lung Cancer Cell
Progression. Cancer Med (2018) 7(7):3331-41. doi: 10.1002/cam4.1566

Cao D, Yu T, Ou X. MiR-873-5P Controls Gastric Cancer Progression by
Targeting Hedgehog-GLI Signaling. Pharmazie (2016) 71(10):603-6. doi:
10.1691/ph.2016.6618

Hu Y, Yang C, Yang S, Cheng F, Rao ], Wang X. miR-665 Promotes
Hepatocellular Carcinoma Cell Migration, Invasion, and Proliferation by
Decreasing Hippo Signaling Through Targeting PTPRB. Cell Death Dis
(2018) 9(10):1-13. doi: 10.1038/s41419-018-0978-y

Zhu J, Garcia-Barcelo M-M, Tam PKH, Lui VCH. HOXB5 Cooperates With
NKX2-1 in the Transcription of Human RET. PloS One (2011) 6(6):e20815.
doi: 10.1371/journal.pone.0020815

Luo J, Cai Q, Wang W, Huang H, Zeng H, He W, et al. A microRNA-7 Binding
Site Polymorphism in HOXB5 Leads to Differential Gene Expression in Bladder
Cancer. PloS One (2012) 7(6):¢40127. doi: 10.1371/journal.pone.0040127

Lee J-Y, Hur H, Yun HJ, Kim Y, Yang S, Kim S, et al. HOXB5 Promotes the
Proliferation and Invasion of Breast Cancer Cells. Int J Biol Sci (2015) 11
(6):701. doi: 10.7150/ijbs.11431

Lee K, Chang JW, Oh C, Liu L, Jung S-N, Won H-R, et al. HOXB5 Acts as an
Oncogenic Driver in Head and Neck Squamous Cell Carcinoma Via EGFR/
Akt/Wnt/B-Catenin Signaling Axis. Eur ] Surg Oncol (2020) 46(6):1066-73.
doi: 10.1016/j.€j50.2019.12.009

Huarte M. The Emerging Role of IncRNAs in Cancer. Nat Med (2015) 21
(11):1253-61. doi: 10.1038/nm.3981

Schmitt AM, Chang HY. Long Noncoding RNAs in Cancer Pathways. Cancer
Cell (2016) 29(4):452-63. doi: 10.1016/j.ccell.2016.03.010

Tang L, Chen Y, Chen H, Jiang P, Yan L, Mo D, et al. DCST1-AS1 Promotes
TGF-B-Induced Epithelial-Mesenchymal Transition and Enhances
Chemoresistance in Triple-Negative Breast Cancer Cells Via ANXAL. Front
Oncol (2020) 10:280. doi: 10.3389/fonc.2020.00280

Li ], Zhai D-S, Huang Q, Chen H-L, Zhang Z, Tan Q-F, et al. LncRNA DCST1-
AS1 Accelerates the Proliferation, Metastasis and Autophagy of Hepatocellular
Carcinoma Cell by AKT/mTOR Signaling Pathways. Eur Rev Med Pharmacol Sci
(2019) 23(14):6091-104. doi: 10.26355/eurrev_201907_18423

Zhou P, Xiong T, Yao L, Yuan J. MicroRNA—-665 Promotes the Proliferation
of Ovarian Cancer Cells by Targeting SRCIN1. Exp Ther Med (2020) 19
(2):1112-20. doi: 10.3892/etm.2019.8293

Xia J, Li D, Zhu X, Xia W, Qi Z, Li G, et al. Upregulated miR—665 Expression
Independently Predicts Poor Prognosis of Lung Cancer and Facilitates Tumor
Cell Proliferation, Migration and Invasion. Oncol Lett (2020) 19(5):3578-86.
doi: 10.3892/01.2020.11457

Zhao X-G, Hu J-Y, Tang J, Yi W, Zhang M-Y, Deng R, et al. miR-665 Expression
Predicts Poor Survival and Promotes Tumor Metastasis by Targeting NR4A3 in
Breast Cancer. Cell Death Dis (2019) 10(7):1-21. doi: 10.1038/s41419-019-1705-z
Dong C, Du Q, Wang Z, Wang Y, Wu S, Wang A. MicroRNA-665 Suppressed
the Invasion and Metastasis of Osteosarcoma by Directly Inhibiting RAB23.
Am ] Trans Res (2016) 8(11):4975.

Wu K-Z, Zhang C-D, Zhang C, Pei J-P, Dai D-Q. miR-665 Suppresses the Epithelial—
Mesenchymal Transition and Progression of Gastric Cancer by Targeting CRIM1.
Cancer Manage Res (2020) 12:3489. doi: 10.2147/CMAR.S241795

Mallo M, Alonso CR. The Regulation of Hox Gene Expression During Animal
Development. Development (2013) 140(19):3951-63. doi: 10.1242/dev.068346
Xu H, Zhao H, Yu J. HOXB5 Promotes Retinoblastoma Cell Migration and
Invasion Via ERK1/2 Pathway-Mediated MMPs Production. Am ] Trans Res
(2018) 10(6):1703.

Zhang B, Li N, Zhang H. Knockdown of Homeobox B5 (HOXB5) Inhibits Cell
Proliferation, Migration, and Invasion in Non-Small Cell Lung Cancer Cells Through
Inactivation of the Wnt/B-Catenin Pathway. Oncol Res Featuring Preclinical Clin
Cancer Ther (2018) 26(1):37-44. doi: 10.3727/096504017X14900530835262

Zhang ], Zhang S, Li X, Zhang F, Zhao L. HOXB5 Promotes the Progression
of Breast Cancer Through Wnt/Beta-Catenin Pathway. Pathol Res Pract
(2020) 224:153117. doi: 10.1016/j.prp.2020.153117

Gao Y, Fei X, Kong L, Tan X. HOXB5 Promotes Proliferation, Migration, and Invasion
of Pancreatic Cancer Cell Through the Activation of the GSK3[/B-Catenin Pathway.
Anticancer Drugs (2020) 31(8):828-35. doi: 10.1097/CAD.0000000000000948

Li G, Xu Y, Wang S, Yan W, Zhao Q, Guo J. MiR-873-5p Inhibits Cell
Migration, Invasion and Epithelial-Mesenchymal Transition in Colorectal

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Cancer Via Targeting ZEB1. Pathol Res Pract (2019) 215(1):34-9. doi:
10.1016/j.prp.2018.10.008

Zhu 'Y, Zhang X, Qi M, Zhang Y, Ding F. miR-873-5p Inhibits the Progression of
Colon Cancer Via Repression of Tumor Suppressor Candidate 3/AKT Signaling.
] Gastroenterol Hepatol (2019) 34(12):2126-34. doi: 10.1111/jgh.14697

Wang Z, Liu W, Wang C, Ai Z. miR-873-5p Inhibits Cell Migration and
Invasion of Papillary Thyroid Cancer Via Regulation of CXCL16. Onco
Targets Ther (2020) 13:1037. doi: 10.2147/OTT.S213168

Wang R-j, Li J-W, Bao B-H, Wu H-C, Du Z-H, Su J-L, et al. MicroRNA-873
(miRNA-873) Inhibits Glioblastoma Tumorigenesis and Metastasis by
Suppressing the Expression of IGF2BP1. ] Biol Chem (2015) 290(14):8938-
48. doi: 10.1074/jbc.M114.624700

Liang Y, Zhang P, Li S, Li H, Song S, Lu B. MicroRNA-873 Acts as a Tumor
Suppressor in Esophageal Cancer by Inhibiting Differentiated Embryonic
Chondrocyte Expressed Gene 2. Biomed Pharmacother (2018) 105:582-9. doi:
10.1016/j.biopha.2018.05.152

Gao Y, Xue Q, Wang D, Du M, Zhang Y, Gao S. miR-873 Induces Lung
Adenocarcinoma Cell Proliferation and Migration by Targeting SRCIN1. Am
] Trans Res (2015) 7(11):2519.

Han G, Zhang L, Ni X, Chen Z, Pan X, Zhu Q, et al. MicroRNA-873 Promotes
Cell Proliferation, Migration, and Invasion by Directly Targeting TSLC1 in
Hepatocellular Carcinoma. Cell Physiol Biochem (2018) 46(6):2261-70. doi:
10.1159/000489594

Wang Q, Zhu W. MicroRNA-873 Inhibits the Proliferation and Invasion of
Endometrial Cancer Cells by Directly Targeting Hepatoma—Derived Growth
Factor. Exp Ther Med (2019) 18(2):1291-8. doi: 10.3892/etm.2019.7713
Takai Y, Ikeda W, Ogita H, Rikitake Y. The Immunoglobulin-Like Cell
Adhesion Molecule Nectin and its Associated Protein Afadin. Annu Rev Cell
Dev Biol (2008) 24:309-42. doi: 10.1146/annurev.cellbio.24.110707.175339
Biederer T, Sara Y, Mozhayeva M, Atasoy D, Liu X, Kavalali ET, et al.
SynCAM, a Synaptic Adhesion Molecule That Drives Synapse Assembly.
Science (2002) 297(5586):1525-31. doi: 10.1126/science.1072356

Yang G, He W, Cai M, Luo F, Kung H, Guan X, et al. Loss/Down-Regulation
of Tumor Suppressor in Lung Cancer 1 Expression Is Associated With Tumor
Progression and Is a Biomarker of Poor Prognosis in Ovarian Carcinoma. Int ]
Gynecol Cancer (2011) 21(3):486-93. doi: 10.1097/IGC.0b013¢31820fa168
Zeng D, Wu X, Zheng J, Zhuang Y, Chen J, Hong C, et al. Loss of CADM1/
TSLC1 Expression Is Associated With Poor Clinical Outcome in Patients
With Esophageal Squamous Cell Carcinoma. Gastroenterol Res Pract (2016)
2016:6947623. doi: 10.1155/2016/6947623

Takahashi Y, Iwai M, Kawai T, Arakawa A, Ito T, Sakurai-Yageta M, et al.
Aberrant Expression of Tumor Suppressors CADM1 and 4.1 B in Invasive
Lesions of Primary Breast Cancer. Breast Cancer (2012) 19(3):242-52. doi:
10.1007/s12282-011-0272-7

Chen Y, Liu L, Guo Z, Wang Y, Yang Y, Liu X. Lost Expression of Cell
Adhesion Molecule 1 Is Associated With Bladder Cancer Progression and
Recurrence and its Overexpression Inhibited Tumor Cell Malignant
Behaviors. Oncol Lett (2019) 17(2):2047-56. doi: 10.3892/01.2018.9845

Si X, Xu F, Xu F, Wei M, Ge Y, Chenge S. CADM1 Inhibits Ovarian Cancer Cell
Proliferation and Migration by Potentially Regulating the PI3K/Akt/mTOR Pathway.
Biomed Pharmacother (2020) 123:109717. doi: 10.1016/j.biopha.2019.109717

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Wang, Shi, Teng, Lu, Guo and Wang. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the 'copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

August 2021 | Volume 11 | Article 714652


https://doi.org/10.1002/cam4.1566
https://doi.org/10.1691/ph.2016.6618
https://doi.org/10.1038/s41419-018-0978-y
https://doi.org/10.1371/journal.pone.0020815
https://doi.org/10.1371/journal.pone.0040127
https://doi.org/10.7150/ijbs.11431
https://doi.org/10.1016/j.ejso.2019.12.009
https://doi.org/10.1038/nm.3981
https://doi.org/10.1016/j.ccell.2016.03.010
https://doi.org/10.3389/fonc.2020.00280
https://doi.org/10.26355/eurrev_201907_18423
https://doi.org/10.3892/etm.2019.8293
https://doi.org/10.3892/ol.2020.11457
https://doi.org/10.1038/s41419-019-1705-z
https://doi.org/10.2147/CMAR.S241795
https://doi.org/10.1242/dev.068346
https://doi.org/10.3727/096504017X14900530835262
https://doi.org/10.1016/j.prp.2020.153117
https://doi.org/10.1097/CAD.0000000000000948
https://doi.org/10.1016/j.prp.2018.10.008
https://doi.org/10.1111/jgh.14697
https://doi.org/10.2147/OTT.S213168
https://doi.org/10.1074/jbc.M114.624700
https://doi.org/10.1016/j.biopha.2018.05.152
https://doi.org/10.1159/000489594
https://doi.org/10.3892/etm.2019.7713
https://doi.org/10.1146/annurev.cellbio.24.110707.175339
https://doi.org/10.1126/science.1072356
https://doi.org/10.1097/IGC.0b013e31820fa168
https://doi.org/10.1155/2016/6947623
https://doi.org/10.1007/s12282-011-0272-7
https://doi.org/10.3892/ol.2018.9845
https://doi.org/10.1016/j.biopha.2019.109717
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	LncRNA DCST1-AS1 Promotes Endometrial Cancer Progression by Modulating the MiR-665/HOXB5 and MiR-873-5p/CADM1 Pathways
	Introduction
	Materials and Methods
	Patient Tissue Specimens
	Cell Culture and Transfection
	RNA Extraction and Quantitative Real-Time PCR
	Cell Counting Kit-8 Assay
	Colony Formation Assay
	Cell Migration and Invasion Assay
	Flow Cytometry Analysis
	Luciferase Reporter Assay
	Tumor Xenograft Studies
	Bioinformatics
	Statistical Analysis

	Results
	LncRNA DCST1-AS1 Is Overexpressed in EC Tissues and Cell Lines
	Depletion of LncRNA DCST1-AS1 Inhibits EC Cell Proliferation, Migration, and Invasion
	LncRNA DCST1-AS1 Acts as a Sponge for miR-665 and miR-873-5p
	LncRNA DCST1-AS1 Sponges miR-665 to Upregulate HOXB5 Expression
	Knockdown of LncRNA DCST1-AS1 Decreases CADM1 Expression via Sponging miR-873-5p
	LncRNA DCST1-AS1 Promotes EC Progression via the miR-665/HOXB5 Signaling
	LncRNA DCST1-AS1 Promotes the Malignant Features of EC Cells Through the miR-873-5p/CADM1 Signaling
	LncRNA DCST1-AS1 Promotes EC Tumor Growth In Vivo

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


