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Circular RNA hsa_circ_0023404 promotes 
the proliferation, migration and invasion 
in endometrial cancer cells through regulating 
miR‑217/MAPK1 axis
Zhuoying Chen, Meixiu Huang, Jiaying You, Yanhua Lin, Qiaoyun Huang* and Caiping He* 

Abstract 

Background:  Emerging studies indicated that circular RNA hsa_circ_ 0023404 and its target miR-217/MARK1 axis 
play a critical role in cancer progression such as non-small cell lung cancer and cervical cancer. However, the role 
of hsa_circ_0023404/miR-217/MARK1 involved in endometrial cancer (EC) was not investigated yet. The aim of this 
study is to investigate the functions of hsa_circ_0023404 in endometrial cancer (EC) and the potential molecular 
mechanism.

Methods:  We used RT-qPCR and Western blot approach to detect the expressed levels of related genes in EC cell 
lines. Transfected siRNAs were applied to knockdown the level of related mRNA in cells. Cell proliferation by CCK-8 
assay and colony formation assay were applied to detect cell proliferation. Transwell migration and invasion assay was 
for detecting the migration and invasion of the cells.

Results:  RT-qPCR showed that the levels of hsa_circ_0023404 and MARK1 mRNA were upregulated, but mirR-217 
was decreased in three endometrial cancer cell lines. Knockdown of hsa_circ_0023404 by siRNA markedly increased 
the level of miR-217 and reduced the proliferation of the Ishikawa cells. It also inhibited the cell migration and inva-
sion. Anti-miR-217 can reverse the promoted proliferation, migrations and invasion of Ishikawa cells mediated by si-
circ_0023404. si-MARK1 restored the inhibited cell proliferation, migration and invasion of the co-transfected Ishikawa 
cells with si- circ_0023404 and anti-miR-217.

Conclusion:  hsa_circ_0023404 exerts a tumor-promoting role in endometrial cancer by regulating miR-217/MARK1 
axis. hsa_circ_0023404 inhibit miR-217 as sponge which inhibit endometrial cancer cell growth and metastasis. 
MARK1 is downstream target of miR217 and upregulated by hsa_circ_ 0023404/miR-217 axis and involved in the 
endometrial cancer progression.
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Introduction
Endometrial cancer (EC) is one of the most common 
types of gynecological cancer and the fourth most com-
mon cancer among women. Morbidity and mortality 
rates among patients with EC remain high globally [1]. 
Each year, approximately 140,000 women worldwide 
develop endometrial cancer and an estimated 40,000 
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women die of this cancer. Most cases of EC are diag-
nosed after menopause and the highest incidence rate is 
around 70 years old. Survival is usually determined by the 
stage and histology of the disease, and the prognosis of 
endometrial cancer varies greatly in different stages and 
histological types. The most common lesions (type I) are 
typically hormone-sensitive and in low-stage with good 
prognosis, while type II tumors have a high grade and are 
prone to relapse even in the early stages [2].

Recent large-scale genomic studies have shown that 
a large number of non-coding RNAs (such as microR-
NAs and long non-coding RNAs) are associated with 
the occurrence of gynecological diseases [3, 4].Circular 
RNAs (circRNAs) belongs to a new class of non-coding 
RNAs and are formed by a peculiar pre-mRNA with a 
covalently closed continuous loop. Due to its structures, 
circRNA are resistant to degradation by exonuclease 
activity and more stable than linear RNAs. circRNAs 
have been implicated in microRNA (miRNA) sequestra-
tion, modulation of protein–protein interactions and 
regulation of mRNA transcription. Among them, the 
most striking function is acting as a miRNA sponge and 
regulate the expression of their downstream genes [5, 6]. 
MicroRNAs (miRNAs or miRs) are a class of non-coding 
RNA molecules that negatively regulate the translation 
of messenger (m) RNAs by interacting with complemen-
tary sites in the 3’ untranslated region (UTR) [7]. Many 
miRNAs act as tumor regulator genes by directly target-
ing oncogenes or tumor suppressor genes [8]. CircRNAs 
were implicated not only involved in cellular physiologi-
cal functions, but also in various human pathologies 
including cancer. It was found that circRNAs are aber-
rantly modulated in human cancer tissues. Furthermore, 
research is currently focusing on understanding the pos-
sible implications of circRNAs in diagnostics, prognosis 
prediction, and eventually therapeutic intervention in 
human cancer [3].

CircRNA hsa_circ_0023404 (chr11: 71668272–
71671937) is derived from mRNA of ring finger pro-
tein 121 (RNF121, NM_018320). Increasing evidence 
supported that hsa_circ_0023404 play a critical role in 
cancer progression. For example, it showed that hsa_
circ_0023404 can promote the proliferation, migration 
and invasion of non-small cell lung cancer (NSCLC) by 
regulating miR-217/ZEB1 axis [9]. Compared with the 
miR-con group, overexpression of miR-217 reduced the 
relative luciferase activity of the pGL3-circ_0023404-
WT reporter vector in  vitro and strongly validated that 
hsa_circ_0023404 interacted with and sponged miR-
217. Other studies demonstrated that hsa_circ_0023404 
was involved in cervical cancer by regulating miR-5047 
and miR-136/TFCP2 /YAP pathway [10]. Recently, 
mounting evidence showed that miR‑217 can regulated 

tumor biology depending on the cell type [11, 12]. It 
was observed that the WNT, mitogen‑activated pro-
tein kinase (MAPK), and PI3K/AKT signaling pathways 
were important molecular targets of miR-217 in differ-
ent cancers and contributed to cancer progression [13]. 
MAPK1 was identified as a novel miR‑217 target and was 
a key component of RAS/RAF/MAPK pathway which 
was found activated in about 30% of all human cancer 
tissues. Activated MAPK1 translocated to the nucleus 
and catalyzed the phosphorylation of numerous nuclear 
transcription factors such as ETS (erythroblast transfor-
mation specific), ELK-1 (ETS Like-1 protein), c-Fos and 
activated variety target genes such as ErbB, VEGF, etc., 
which contributes to the progression of tumors [14, 15]. 
Inhibition of MAPK1 was shown to block tumor growth 
and metastasis in prostate cancer [16]. It was found that 
miR‑217 can suppress tumorigenicity of colorectal can-
cer targeting MAPK1 [17].

These indicated that hsa_circ_0023404 and its target 
miR-217/MARK1 axis play a critical role in cancer pro-
gression such as non-small cell lung cancer and cervi-
cal cancer, but the role of hsa_circ_0023404/miR-217/
MARK1 involved in endometrial cancer was not inves-
tigated yet. In this study, we investigated the role of 
hsa_circ_0023404 in promoting endometrial cancer cells 
associated with miR-217/MAPK1 axis.

Methods
Cell culture
Human endometrial endothelial cell (HEEC) and human 
endometrial cancer cells (Ishikawa, RL95-2 and KLE) 
were purchased from the American Type Culture Col-
lection (ATCC, USA) or National Infrastructure of Cell 
Line Resource (Beijing, China). Cells were incubated in 
DMEM (Gibco, USA) contained 10% fetal bovine serum 
(FBS; PAN biotech, Germany) and 1% penicillin/strepto-
mycin (Solarbio, China) at 37 °C and 5% CO2.

RT‑qPCR
Total RNA was extracted using Neurozol reagent (Mach-
erey–Nagel, Germany) and cDNA was generated using 
reverse transcription reagent kit (PROMEGA, USA). 
Real-time PCR was performed using SYBR Green PCR 
kit (TaKara, China). U6 and GAPDH are internal con-
trols. The qPCR analysis was then performed on an 
ABI 7500 Real-time PCR System (Applied Biosystems, 
Thermo Fisher Scientific, USA) according to the instruc-
tions supplied by the manufacturer. The relative expres-
sion levels of the genes were calculated by comparing 
to U6 or GAPDH using 2 − ΔΔCT method. The primers 
were used as follows:

miR-217 FORWARD: CGC​GTA​CTG​CAT​CAG​GAA​
CTG;
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miR-217 REVERSE: AGT​GCA​GGG​TCC​GAG​GTA​TT;
miR-217-5p RT (anti-miR-217) Primer: GTC​GTA​

TCC​AGT​GCA​GGG​TCC​GAG​GTA​TTC​GCA​CTG​GAT​
ACG​ACT​CCA​AT; U6 FORWARD: CTC​GCT​TCG​GCA​
GCACA;

U6 REVERSE: AAC​GCT​TCA​CGA​ATT​TGC​GT;
circ_0023404 FORWARD: ACC​GTG​GCC​ATG​AAG​

CTA​TG;
circ_0023404REVERSE: GGT​CAC​CAT​ATT​GTA​GGA​

GCGT;
GAPDH FORWARD: AGA​AGG​CTG​GGG​CTC​ATT​

TG;
GAPDH REVERSE: AGG​GGC​CAT​CCA​CAG​TCT​TC;
MAPK1 FORWARD: CAG​TTC​TTG​ACC​CCT​GGT​

CC;
MAPK1 REVERSE: GTA​CAT​ACT​GCC​GCA​GGT​CA.

Cell transfection
si-NC (negative control) sequence: UUC​UCC​GAA​CGU​
GUC​ACG​UTT, si-circRNA (si-hsa_circ_0023404 #1–3; 
#3 sequence: GGU​UCC​UGC​UAA​UCU​AUA​ATT, miR-
217 or anti-miR-217 were synthesized by GenePharma 
(Shanghai, China). They were transfected in Ishikawa 
cells using Lipofectamine 3000 Reagent (Life Technolo-
gies, USA) and then culture in at 37  °C and 5% CO2 for 
48–72 h.

Detection of cell proliferation by CCK‑8 assay
Ishikawa cells were plated at 2 × 10E3 cells/well in 96-well 
plates and grown in medium containing 10% FBS for 
24  h. After transfection with siRNA, 10  μl of cell count 
kit-8 (CCK-8, CK04, Dojindo, Japan) was added into each 
well and cells were incubated for 2 h in a 5% CO2 incuba-
tor at 37 °C. The absorbance of each well at 450 nm was 
read in GloMax™ 96 MICROPLATE (Promega, USA).

Colony formation assay
Ishikawa cells were transfected with siRNA for 48  h 
and trypsinized and dispensed into 6-well plates with a 
density of 800 cells/well. When the number of cells in a 
colony is more than 50, 10% formaldehyde was employed 
to fix colonies for 10  min and 0.5% crystal violet was 
adopted to stain colonies for 5 min. Images were photo-
graphed and the number of colonies was calculated by 
ImageJ.

Transwell migration and invasion assay
For migration assay, transfected Ishikawa cells (1 × 10E5 
cells) were suspended in 200 ul serum-free medium and 
then seeded on the top chamber. Medium contained 
10% FBS was added into the lower chamber. After 24 h 
of incubation, cells on the lower surface of the lower 
chamber were fixed with 4% PFA and stained with 0.1% 

crystal. Cells were counted from five randomly selected 
microscopic fields. For invasion assay, Transwell inserts 
(Fisher Scientific, USA) were coated with Matrigel (BD, 
USA). After 24 h incubation, cells on the upper surface of 
the Transwell membrane were gently removed, and cells 
on the lower surface of the Transwell membrane were 
fixed and stained with crystal violet, counted from five 
randomly selected microscopic fields.

Western blotting
Cells were collected and lysed with RIPA buffer (Beyo-
time, China). Equal amount of protein was separated on 
SDS-PAGE and transferred to PVDF (Millipore, USA). 
Then, the membranes were incubated with the primary 
antibodies anti-MARK1 (Cat:125403, Novopro, China) 
and anti-actin (Sigma, USA). ECL substrates were used to 
visualize protein bands (Millipore, USA).

Statistical analysis
All experiments were replicated thrice and all data were 
expressed as mean ± standard deviation (SD). The soft-
ware GraphPad 8.0 were used to carry out all statistical 
analyzes. Student’s t-test and one-way ANOVA followed 
by Bonferroni ’s post hoc test were utilized to analyze 2 or 
multiple groups, respectively. * means p < 0.05; ** means 
p < 0.01; *** means p < 0.001.

Results
Hsa_circ_0023404, miR‑217 and MARK1 mRNA expression 
in endometrial cancer cell lines
To examine the role of hsa_circ_0023404 and its target 
miR-217/MARK1 axis in endometrial cancer cell lines, 
The RT-qPCR was applied to determine the level of hsa_
circ_0023404, miR-217 and MARK1 mRNA in human 
endometrial endothelial cell (HEEC) and three human 
endometrial cancer cells (RL95-2, KLE and Ishikawa). It 
was shown that hsa_circ_0023404 (Fig. 1A) and MARK1 
(Fig. 1C) were upregulated in RL95-2, KLE and Ishikawa 
cell lines compared to HEEC. On the contrary, miR-217 
(Fig.  1B) was downregulated in RL95-2, KLE and Ishi-
kawa cell lines compared to HEEC. Among the three cell 
lines, the results in Ishikawa cell were most strikingly and 
we employed the Ishikawa cells in further study.

Knockdown of hsa_circ_0023404 induces miR‑217 
and inhibits cell proliferation, migration and invasion 
in endometrial cancer cells
Since the level of hsa_circ_0023404 is upregulated in 
endometrial cancer cells, we investigate its biologi-
cal role in endometrial cancer by knockdown of hsa_
circ_0023404 with si-circ_0023404 in Ishikawa cells. It 
showed all three siRNAs targeted to hsa_circ_0023404 
significantly reduced mRNA expression of the 
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hsa_circ_002340 in Ishikawa cells compared to control 
siRNA (si-NC) analyzed by RT-qPCR (Fig.  1D). Among 
all siRNA, the siRNA#3 had the highest efficiency and was 
employed for subsequent experiments. We next exam-
ined the effect of si-circ_0023404 on miR-217 expres-
sion in Ishikawa cells and it showed the si-circ_0023404 
#3 reduced the level of circ_ 0023404(Fig. 1E) while the 
level of miR-217 was upregulated (Fig.  1F). This is con-
sistent with that the circ_0023404 inhibited the miR-217 
expression acting as a miRNA sponge. Our data further 
showed that downregulation of hsa_circ_0023404 mark-
edly decreased the proliferation of the Ishikawa cells 
detected by CCK-8 assay (Fig.  1G). Down-regulation of 
hsa_circ_0023404 also markedly decreased the capac-
ity of colony formation of in Ishikawa cells compared 
to control (Fig.  1H, I). Consistently, knockdown of hsa_
circ_0023404 inhibited the cell migration and invasion 
in Ishikawa cells analyzed by Transwell migrations assay 
(Fig. 1J, K) and Transwell invasion assay (Fig. 1J, L). These 
data indicated that hsa_circ_0023404 promoted cell pro-
liferation, migration and invasion in endometrial cancer 
cells.

miR‑217 inhibits cell proliferation, migration and invasion 
in endometrial cancer cells
To investigate the role of miR-217 in endometrial can-
cer cells, Ishikawa cells were transfected with mimic NC 
and miR-217 mimic. The expression of transfected miR-
217 mimic was confirmed by RT-qPCR (Fig. 2A). CCK-8 
assay demonstrated that miR-217 mimic markedly 
decreased the proliferation of the Ishikawa cells (Fig. 2B). 
miR-217 mimic also markedly decreased the capac-
ity of colony formation of in Ishikawa cells compared to 
mimic NC (Fig. 2C, D). In parallel, it showed that miR-
217 reduced the cell migration and invasion in Ishikawa 
cells analyzed by Transwell migrations assay (Fig. 2E, F) 
and Transwell invasion assay (Fig. 2E, G). MARK1 is the 
target of miR-217 and WB analysis indicated that the 
miR-217 mimic transfection decreased the expression of 
MARK1 protein in Ishikawa cells (Fig. 2H, I). These data 
indicated that miR-217 played a critical role in inhibiting 
cell proliferation, migration and invasion in endometrial 

cancer cells and MARK1 protein is one downstream tar-
get of miR-217.

hsa_circ_0023404 promotes the proliferation, migration 
and invasion in endometrial cancer cells by sponging 
miR‑217
Studies indicated that miR-217 was one sponge target of 
hsa_circ_0023404 and we examined their interaction by 
co-transfection with si-circ_0023404 and anti-miR-217 
(miR-217 inhibitor). Co-transfection showed that 
si-circ_0023404 attenuated the expression level of 
hsa_circ_0023404 while anti-miR-217 increased hsa_
circ_0023404 (Fig.  3A); si-circ_0023404 increased the 
expression level of miR-217 while anti-miR-217 blocked 
the increased miR-217 (Fig.  3B). CCK-8 assay showed 
that downregulation of hsa_circ_0023404 decreased 
the proliferation of the Ishikawa cells but anti-miR-217 
reversed the decrease (Fig. 3C, D). Transwell migrations 
and invasion assay (Fig.  3E, F) also indicated that anti-
miR-217 blocked the promoted migrations and invasion 
of Ishikawa cells mediated by si-circ_0023404. Sum-
mary, these data showed that anti-miR-217 can block 
the promoted proliferation, migrations and invasion of 
Ishikawa cells by si-circ_0023404, consistent with that 
hsa_circ_0023404 acts as sponge of miR-217.

MARK1 is involved in hsa_circ_0023404/miR‑217‑mediated 
biological behavior of endometrial cancer
MARK1 is a potential target of miR-217 and our data 
showed that anti-miR-217 increased the MARK1 pro-
tein level which was blocked by co-transfection with si_
circ_0023404 and anti-miR-217, supporting that MARK1 
is downstream of the hsa_circ_0023404/mirR217 axis 
(Fig.  4A). Western blot showed that si-MARK1 can 
downregulate the induced MARK1 by co-transfection 
with si_circ_0023404 and anti-miR-217. si-MARK1 
restored the inhibited cell proliferation of the co-trans-
fected Ishikawa cells with si- circ_0023404 and anti-
miR-217 analyzed by CCK8 assay (Fig.  4E) and colony 
formation assay (Fig. 4F, G). In parallel, it showed that si-
MARK1 restored the inhibition in migration (Fig. 5A, B) 
and invasion (Fig. 5A, C) of the co-transfected Ishikawa 
cells with si-circ_0023404 and anti-miR-217 analyzed 

(See figure on next page.)
Fig. 1  The role of hsa_circ_0023404 knockdown in endometrial cancer cells. The total RNA of HEEC and Ishikawa、RL95-2、 KLE endometrial 
cancer cell lines were collected and subjected to RT-qPCR. RT-qPCR analysis shows the level of hsa_circ_0023404 (A)、miR-217 (B) and MARK1 
mRNA (C) in HEEC and Ishikawa、RL95-2、 KLE endometrial cancer cell lines, respectively. Ishikawa cell was transfected with control si-NC and 
si-circ_0023404 #1–3 for 48 h and subjected to RT-qPCR analysis. The level of hsa_circ_0023404 was knockdown by si-circ_0023404(si-circ) #1–3 in 
Ishikawa cell analyzed by RT-qPCR (D). The level of hsa_circ_0023404 (E) and miR-217 (F) was analyzed by RT-qPCR after si-circ #3 transfection. Cell 
proliferation was evaluated by CCK-8 assay (G) and colony formation assay (H, I) in si-NC or si-circ_0023404 transfected Ishikawa cells. The migration 
and invasion capacity of Ishikawa cell cells was determined by Transwell migration and invasion assay after transfected with si-NC or si-circ_0023404 
(J). The statistics of Transwell migration (K) and invasion (L) assay for Ishikawa cells transfected with si-NC or si-circ_0023404
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Fig. 1  (See legend on previous page.)
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by Transwell migrations and invasion assay. These 
data supported that the MARK1 is downstream of hsa- 
circ_0023404/miR-217 axis and MARK1 knockdown by 
si-MARK1 can block the promotion of cancer biology 
mediated by si-circ_0023404/miR-217 axis. 

Discussion
Plenty of studies supported that circular RNA hsa_
circ_0023404 is associated with tumorigenesis. In this 
study, we found that hsa_circ_0023404 was upregulated 
with decreased miR-217 in endometrial cancer cell lines. 
Knockdown of hsa_circ_0023404 lead to increased miR-
217 and inhibited the proliferation and metastasis of 
endometrial cancer cells. Anti-miR-217 can reverse the 
imbibition by si-circ_0023404. These data indicated that 

hsa_circ_0023404 promoted the proliferation, migra-
tion and invasion in endometrial cancer cells by spong-
ing miR-217. In further study, knockdown of MARK1 
blocked the promotion of cancer biology mediated by si-
circ_0023404/miR-217 axis, supporting that MARK1 is 
the target of miR-217 and involved in circ_0023404/miR-
217-mediated endometrial cancer biology.

In human cancer, circRNAs were implicated in the con-
trol of oncogenic activities, such as tumor cell proliferation, 
epithelial–mesenchymal transition, invasion, metastasis 
and chemoresistance. The most widely described mecha-
nism of action of circRNAs is their ability to act as compet-
ing endogenous RNAs (ceRNAs) for miRNAs, lncRNAs 
and mRNAs, thus impacting along their axis [2, 18, 19]. 
Several studies revealed that circRNA hsa_circ_0023404 

Fig. 2  miR-217 inhibits the proliferation of endometrial cancers through by miR-217/MARK1 axis. Ishikawa cell was transfected with control 
mimic-NC and miR-217 mimic for 48 h and subjected to RT-qPCR analysis to examine the presence of miR-217 (A). Cell proliferation was evaluated 
by CCK-8 assay (B) and colony formation assay with statistics (C, D) after transfection. The migration and invasion capacity of Ishikawa cell cells was 
determined by Transwell migration and invasion assay after transfection (E). The statistics of Transwell migration (F) and invasion (G) assay were 
analyzed. Western blot was applied to examine the level of MARK1 protein with an anti-MARK1 antibody (H) after transfection with mimic-NC and 
miR-217 mimic. The statistics of WB were analyzed (I)
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play critical role in tumorigenesis. For example, it enhances 
cervical cancer metastasis and chemoresistance through 
VEGFA and autophagy signaling by sponging miR-5047 [10]. 
hsa_circ_0023404 is also involved in cervical cancer progres-
sion through/miR-136/TFCP2/YAP axis. hsa_circ_0023404 

promoted TFCP2 expression via inhibiting miR-136, 
leading to activation of YAP signaling pathway [20]. hsa_
circ_0023404 was shown to interact with miR-217/ZEB1 
axis to contribute to the growth, migration and invasion of 
NSCLC cells [9]. This study provided the strong evidence 

Fig. 3  circ_0023404 promotes the proliferation, migration and invasion of endometrial cancers by sponging miR-217. Ishikawa cell was transfected 
with control si-NC and si-circ_0023404 with anti- NC or anti-miR-217 for 48 h as labeling and subjected to: RT-qPCR analysis to examine the level 
of circ_0023404 (A) and miR-217 (B). Cell proliferation was evaluated by CCK-8 assay (C) and colony formation assay with statistics (D, E) after 
co-transfection. The migration (F, top) and invasion (F, bottom) capacity of Ishikawa cell cells was determined by Transwell migration and invasion 
assay after co-transfection. The statistics of Transwell migration (G) and invasion (H) assay were analyzed
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Fig. 4  circ_0023404 promotes the proliferation of endometrial cancers through by miR-217/MARK1 axis. Ishikawa cell was transfected with control 
si-NC or si-circ_0023404 with anti-miR-217 for 48 h and subjected to WB to detect the level of MARK1 protein (A) and the statistics was analyzed (B). 
Ishikawa cell co-transfected with si-circ_0023404, anti-miR-217 with si-MARK1 for 48 h and subjected to WB to detect the level of MARK1 protein 
(C) and the statistics was analyzed (D). Cell proliferation was evaluated by CCK-8 assay (E) and colony formation assay with statistics (F, G) after 
co-transfection



Page 9 of 12Chen et al. European Journal of Medical Research          (2022) 27:242 	

Fig. 5  circ_0023404 promotes migration and invasion of endometrial cancers through by miR-217/MARK1 axis. Ishikawa cell co-transfected 
with si-circ_0023404, anti-miR-217 with si-MARK1 for 48 h and subjected to Transwell migration and invasion assay (A). The statistics of Transwell 
migration (B) and invasion (C) assay were analyzed. (D): schematic diagram of proposed mechanism for circ_0023404-miR-217 MARK1 axis in EC 
progression. circ_0023404 sponges and inhibits miR-217 which negatively regulates MAPK1 mRNA expression, subsequently leads to increased 
MAPK1 protein and promotes EC progression
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that hsa_circ_0023404 promoted the proliferation, migration 
and invasion in endometrial cancer cells through regulating 
miR-217/MARK1 axis.

Dysregulated miRNA expression was involved in 
malignancies and miRNAs may serve as tumor suppres-
sor or oncogene to participate in human cancer progres-
sion. As a miRNA, miR‑217 is closely linked to tumor 
progression and poor prognosis [21, 22]. Previous studies 
have reported that miR‑217 bound to its target mRNA to 
inhibit the formation and progression of tumors, includ-
ing gastric cancer [22]. Bioinformatics identified MARK1 
protein is the target of miR‑217 in cancer cells. There are 
two binding sequences for miR‑217 in MAPK1 3’UTRs 
which was confirmed by the luciferase activity assay [23]. 
Consistently, previous study showed that downregulated 
MAPK1 by miR-217 facilitated the metastasis and EMT 
process of HCC cells, indicating that miR-217 suppressed 
HCC via negatively modulating MAPK1 expression[24]. 
Mutiple evidence demonstrated that miR217-MAPK axis 
was involved in tumorgenesis. For example, it was uncov-
ered that the apoptosis-inducing potential of miR-217-5p 
can induced apoptosis via blocking multiple target genes 
PRKCI, BAG3, ITGAV and MAPK1 in colorectal cancer 
cells [25]. It also is reported that circMAN2B2 acted as 
an onco-miRNA in HCC by sponging miR-217 to pro-
mote MAPK1 expression [26].

The MAPK pathway is effectively involved in the regu-
lation of cancer cell proliferation, invasion and survival 
by activating target genes such as transcriptional factor 
ELK1, C-Fos and the ErbB, VEGF, which contributes to 
the progression of tumors [14, 15]. Previous studies have 
confirmed that increased MAPK1 expression could func-
tion as tumor promoter in human hepatocellular carci-
noma (HCC) [27, 28], ovarian cancer [29] and cervical 
cancer [30]. It also showed that lncRNA RHPN1-AS1 
activated ERK/MAPK pathway and promoted cell pro-
liferation, migration and invasion of endometrial can-
cer [31]. Another study demonstrated that activation of 
MAPK and AKT by Type II transmembrane serine pro-
teases 4TMPRSS4 were associated with the progression 
of endometrial cancer [32]. These data provided the evi-
dence that MAPK can be regulated by non-coding RNA 
(ncRNA) including lnRNA and cirRNA, etc. In this study, 
our data showed that MARK1 is downstream target 
of hsa_circ_0023404/miR-217 axis and involved in the 
endometrial cancer progression.

With the advancement of RNA sequencing technol-
ogy and the rapid development of bioinformatics, a large 
number of circRNAs were discovered widely involved in 
a variety of cancer-related pathogenesis and drug resist-
ance and in the diagnostic and prognostic biomarker and 
the therapeutic target in human cancer [33]. The pow-
erful functions and unique properties of circRNAs have 

made them the focus of scientific and clinical research. 
Due to the structure of covalently closed continuous loop, 
circRNAs are relatively stable and exist stably at high lev-
els in body fluids, including plasma, serum, exosomes 
and urine, etc. Therefore, circRNA potentially service as 
the liquid biopsy-based novel biomarkers for monitor-
ing the development and progression of cancer includ-
ing lung cancer [34], endometrial Cancer [35], bladder 
cancer [36], prostate cancer [37], etc. Downregulated 
circBNC2 and higher circSETDB1 levels were identified 
in patients with ovarian cancer [38]. hsa_circ_ 0109046 
and hsa_circ_0002577 were found increase in the serum 
of patients with endometrial cancer [39]. The unique cel-
lular stability and capacity of circRNA to sponge miRNA 
and protein may place circRNA as a promising vehicle for 
the delivery of cancer therapeutics [40].

In the current study, we demonstrated the molecu-
lar mechanism of hsa_circ_0023404/miR-217/MAPK 
involved in the endometrial cancer progression. However, 
there are several limitation. First, it was limit to draw the 
conclusion completely only dependent in  vitro experi-
ments, therefore, we would further carry out in  vivo 
experiments on hsa_circ_0023404/miR-217/MAPK axis 
involved in the endometrial cancer. Second, the applica-
tion of hsa_circ_0023404 on liquid biopsy was not per-
form on patients with endometrial cancer. We will collect 
the patients to investigate the level of hsa_circ_0023404/
miR-217/MAPK in their blood sample and examine their 
potential as novel biomarker for endometrial cancer.

Conclusion
In this study, our data demonstrated that hsa_
circ_0023404 exerts a tumor-promoting role in endo-
metrial cancer by regulating miR-217/MARK1 axis. The 
hsa_circ_0023404 act as sponge for and inhibit miR-
217 which inhibit endometrial cancer cell growth and 
metastasis. MARK1 is downstream target of miR217 
and the induced MARK1 by hsa_circ_0023404 through 
miR217 inhibition contribute to the endometrial cancer 
progression (Fig.  5D). Targeting or knockdown of hsa_
circ_0023404 by short hairpin RNA (shRNA) or CRISPR 
technique would be a potential therapeutic approach for 
endometrial cancer and will be investigated in the future.
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