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Circ_DLG1 facilitates esophageal squamous cell
carcinoma progression by mediating miR-338-
3p/MAP3K9 axis via activating MAPK/ERK pathway
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Abstract
Background: Esophageal squamous cell carcinoma (ESCC) is an aggressive malignancy with a high
incidence and poor prognosis. The document of circular RNAs (circRNAs) is frequently associated with
cancer development. This study intended to explore the functional mechanism of circ_DLG1 in ESCC.

Methods: The expression of circ_DLG1, miR-338-3p and Mitogen-Activated Protein Kinase Kinase Kinase
9 (MAP3K9) was measured by quantitative real-time polymerase chain reaction (qRT-PCR). Cell cycle,
proliferation, migration and invasion were performed for functional analysis using �ow cytometry, 3-(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) and transwell assay, respectively. The
protein levels of MAP3K9, p38, phosphor p38 (p-p38), ERK1/2, phosphor ERK1/2 (p-ERK1/2) were
detected by western blot. Bioinformatics tool for target prediction used the online tool starBase. Dual-
luciferase reporter assay was performed to verify the target relationship. The animal experiments were
performed to ascertain the role of circ_DLG1 in vivo.

Results: The expression of circ_DLG1 was elevated in ESCC tissues, plasma and cells. Circ_DLG1
knockdown inhibited cell cycle, proliferation, migration and invasion. MAP3K9 was highly expressed in
ESCC tissues and cells, and its overexpression rescued the effects of circ_DLG1 knockdown. MiR-338-3p
was a link between circ_DLG1 and MAP3K9, and circ_DLG1 regulated the expression of MAP3K9 by
targeting miR-338-3p. The MAPK/ERK pathway was involved in the circ_DLG1/miR-338-3p/MAP3K9
regulatory axis. Circ_DLG1 knockdown blocked the tumor growth in vivo by regulating miR-338-3p and
MAP3K9.

Conclusion: Circ_DLG1 contributed to the malignant progression of ESCC by mediating the miR-338-
3p/MAP3K9 axis via activating the MAPK/ERK signaling pathway. This paper provided a novel action
mode of circ_DLG1 in ESCC.

Background
Esophageal cancer (EC) is an aggressive malignancy, leading to a weak overall survival rate (10% ~20%)
[1]. EC evolves into the eighth most common cancer and the sixth cause of cancer-related death [2].
According to the cell types involved, EC can be divided into esophageal adenocarcinoma (EAC) and
esophageal squamous cell carcinoma (ESCC) [3]. ESCC shows greater geographic diversity in morbidity,
mortality and sex ratios, especially in Eastern and Asian countries [4,5]. Risk factors for ESCC are thought
to be related to diet, lifestyle and genetic polymorphisms [6]. However, the complex molecular
mechanisms of ESCC initiation and development have not been fully understood. Therefore, there is an
absolute need to improve medical treatment by identifying novel therapeutic targets.

With the development of high-throughput sequencing technique, a growing number of circular RNAs
(circRNAs) closely linked to cancers have been identi�ed [7]. CircRNAs are a new type of non-coding RNAs
formed by back-splicing without 5’ cap and 3’ poly-A tail [8], which is different from linear mRNAs.
Thousands of circRNAs are abundant, relatively stable and widely expressed in eukaryotic cells [9,10].
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Recently, the association of circRNAs with the development of ESCC has been frequently reported, such
as circ_100873, circ_100876 and circ_0067934 [11-13]. These circRNAs were associated with lymphatic
metastasis, proliferation and cell cycle in ESCC, suggesting that circRNAs are vital regulators to
participate in the development of ESCC. circ_DLG1, also named circ_0007203, is back-spliced from DLG1.
A previous study suggested that circ_DLG1 was expressed with a high level in ESCC patients, associated
with the TNM stage and could be a diagnostic factor [14]. However, the speci�c role of circ_DLG1 and
potential functional mechanisms are not elucidated.

Mitogen-Activated Protein Kinase Kinase Kinase 9 (MAP3K9) is located in 14q24.3-q31 that encodes a
MAPK kinase kinase belonging to a protein kinase signal transduction cascade [15]. MAPKs function in a
wide range of cellular processes, including cell differentiation, proliferation and movability [16]. Genomic
pro�ling about esophageal tissues and normal tissues predicted that MAP3K9 might play a substantial
role in susceptibility and development of EC [17]. But the relevant research of MAP3K9 in ESCC is still
limited.

MicroRNAs (miRNAs) are also a kind of non-coding RNAs with ~22 nucleotides in length that induce post-
transcriptional gene silencing [18]. MiRNAs are indispensable involving in the circRNA-miRNA-mRNA
regulatory network in human diseases [19]. Among these miRNAs, miR-338-3p is a widely regulated factor
in diverse types of disease and cancer [20,21], including ESCC [22]. Therefore, the further excavation of
miR-338-3p function and the exploration of the relevant action mechanism in ESCC are important to
enrich its role.

This study monitored the expression of circ_DLG1 in ESCC tissues, plasma and cells. We also
investigated the function of circ_DLG1 in cell proliferation, cycle, migration and invasion in ESCC and
constructed the circ_DLG1/miR-338-3p/MAP3K9 functional network. Besides, the classical MAPK/ERK
pathway was veri�ed to participate in circ_DLG1 regulatory mode. Our study presented a novel
mechanism to understand the pathogenesis of ESCC.

Materials And Methods
Experimental samples

Tissue samples, including ESCC tumor tissues (n=44) and adjacent normal tissues (n=44) from ESCC
patients, and blood samples, including ESCC blood (n=26) and normal blood (n=26) from ESCC patients
or healthy subjects, were collected from The First A�liated Hospital of Xiamen. The written informed
consent was signed by every participant. The excised tissues were frozen by liquid nitrogen and
preserved in -80℃ conditions. The plasma was isolated from blood samples and stored at -80℃ for
further detection. This research was approved by the Ethics Committee of The First A�liated Hospital of
Xiamen.

Cell lines
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Human ESCC cell lines, including EC9706, KYSE30 and KYSE450, and normal esophageal squamous
epithelial cells (HET-1A) were purchased from Bena Culture Collection (Suzhou, China). Another ESCC cell
line TE-8 was purchased from SUER Technology Co., Ltd. (Shanghai, China). In line with the instructions,
EC9706 and HET-1A cells were maintained in 90% Dulbecco’s Modi�ed Eagle Medium (DMEM; Gibco,
Grand Island, NY, USA) containing 10% fetal bovine serum (FBS; Gibco). KYSE30, KYSE450 and TE-8 cells
were cultured in 90% Roswell Park Memorial Institute 1640 (RPMI 1640; Gibco) containing 10% FBS
(Gibco). All cells were stored at 37℃ conditions containing 5% CO2.

Quantitative real-time polymerase chain reaction (qRT-PCR)

Total RNA was extracted using the Total RNA Miniprep Kit (Sigma-Aldrich, St. Louis, MO, USA) from
tissues and cells or using GenElute Plasma/Serum RNA Puri�cation Mini Kit (Sigma-Aldrich) from
plasma. After the detection of availability, the RNA was reversely transcribed into cDNA using Transcriptor
High Fidelity cDNA Synthesis Kit (Roche, Basel, Switzerland) or MystiCq microRNA cDNA Synthesis Mix
(Sigma-Aldrich). Afterwards, KiCqStart SYBR Green qPCR ReadyMix (Sigma-Aldrich) was utilized to
conducted qRT-PCR ampli�cation reaction under Bio-Rad CFX96 (Bio-Rad, Hercules, CA, USA). The relative
expression was normalized by glyceraldehyde 3-phosphate dehydrogenase (GAPDH) or U6 and
calculated using the 2-ΔΔCt method. The primers were used in this study, including circ_DLG1, forward: 5’-
AAACGAGAGATAAAGGGCTTCT-3’ and reverse: 5’- ACTGCTTTAGAAACTGGGGAGT-3’; DLG1, forward: 5’-
gtggatcattca aag cagtgtga-3’ and reverse: 5’-aggctggcaatctcccaagt-3’; miR-338-3p, forward: 5’-
ATCCAGTGCGTGTCGTGG-3’ and reverse: 5’-TGCTTCCAGCATCAGTGAT-3’; MAP3K9, forward: 5’-
GAGTGCGGCAGGGAC GTAT-3’ and reverse: 5’-CCCCATAGCTCCACACATCAC-3’; GAPDH, forward: 5’-
GAGTCCACTGGCGTCTTCAC-3’ and reverse: 5’- ATCTTGAGGCTGTTGTCATACTTCT-3’; U6, forward: 5’-
CTCGCTTCGGCAGCACATA-3’ and reverse: 5’-CGCTTCACGAATTTGCGTG-3’.

CircRNA stability detection

RNase R treatment was performed as follows: 2 μg of total RNA was diluted in 10 μl of water with or
without 2 U·mg−1 RNase R and 2 μl of enzyme buffer (Epicenter, Madison, WI, USA), then incubated 15
min at 37℃ and then used for qRT-PCR.

Cell transfection

Small interference RNA (siRNA) targeting circ_DLG1 (si-circ_DLG1) (Ribobio, Guangzhou, China) was used
for circ_DLG1 knockdown, and siRNA negative control (si-NC) was used as a reference. Circ_DLG1
overexpression (circ_DLG1) was assembled by BersinBio Co., Ltd. (Guangzhou, China) using their
commercial expression vector, and empty vector (Vector) served as control. Overexpression vector
pcDNA3.1 containing MAP3K9 fragment (Sangon Biotech, Shanghai, China) was used for MAP3K9
overexpression (MAP3K9), empty pcDNA3.1 vector (pcDNA) as the reference. MiR-338-3p mimics or
inhibitors (miR-338-3p or anti-miR-338-3p) (Ribobio) were used for miR-338-3p enrichment or inhibition,
miR-NC or anti-miR-NC as the respective reference. Lentivirus short-hairpin RNA against circ_DLG1 (sh-
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circ_DLG1) (Sangon Biotech) was used for circ_DLG1 stable knockdown, sh-NC as the reference. Cell
transfection was conducted using Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA).

Cell cycle detection

Cell cycle was detected using a Cell Cycle Analysis kit (Beyotime, Shanghai, China) following the
instructions. At 48 h post-transfection, TE-8 and KYSE450 cells were washed twice with phosphate
buffered saline (PBS), trypsinized and centrifuged at 1,500 × g for 5 min at 4℃. Then, cells were exposed
to 100 µl of RNase A for 30 min at 37℃ and next stained with 400 µl propidium iodide (PI) for 30 min at
4℃ in the dark. Finally, the cells were analyzed using a FACSCalibur system (Beckman Coulter, Brea, CA,
USA).

Cell proliferation analysis

After transfection, TE-8 and KYSE450 cells were seeded into 96-well plates at a density of 5 × 103

cells/well and placed at 37℃ containing 5% CO2. Afterwards, 10 µg MTT (Beyotime) was added into
each well at the speci�c time points (0, 1, 2 and 3 d) and incubated for a further 4 h. Next, 50 µl
dimethylsulfoxide (DMSO) (Beyotime) was used to dissolve formazan. Eventually, cell proliferation was
analyzed by examining the absorbance at 490 nm under a microplate reader (Thermo Fisher Scienti�c,
Waltham, MA, USA).

Cell migration and invasion analysis

For migration assay, TE-8 and KYSE450 cells were seeded into the top of transwell chambers with 8.0-μm
pore membranes in 24-well plates (Corning Incorporated, Corning, NY, USA). For invasion assay, however,
the chambers were pre-assembled with a thin layer of Matrigel (Corning Incorporated) prior to the cells
were seeded. Meanwhile, RPMI 1640 fresh medium containing 10% FBS was added into the bottom of
chambers. After incubation for 24 h, the bottom-surfaced cells were �xed with 4% paraformaldehyde and
stained with 0.1% crystal violet (Beyotime) for 20 min. Finally, the cells were photographed and viewed
under a microscope (Olympus, Tokyo, Japan).

Western blot

Total protein was extracted using the radioimmunoprecipitation assay (RIPA) buffer (Beyotime) and
quanti�ed by BCA assay kit (Beyotime). Then, proteins (20 μg/sample) were separated by 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto polyvinylidene
�uoride (PVDF) membranes (Bio-Rad). Next, the membranes were suffered blockage buffer and
incubated at 4℃ overnight within the primary antibodies against MAP3K9 (ab228752; Abcam,
Cambridge, MA. USA), p38 (ab197348; Abcam), phosphor p38 (p-p38; ab4822; Abcam), extracellular
signal-regulated kinase 1 and 2 (ERK1/2) (ERKs; ab184699; Abcam), phosphor ERKs (p-ERKs; ab214036;
Abcam), Ki67 (ab16667; Abcam) and GAPDH (ab9485; Abcam). Afterwards, the membranes were probed
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with the horseradish peroxidase (HRP)-labeled secondary antibodies (ab205718; Abcam). The protein
blots on the membranes were emerged using the chemiluminescence kit (Beyotime).

Bioinformatics prediction and dual-luciferase reporter assay

The online bioinformatics tool starBase (http://starbase.sysu.edu.cn/) was used to analyze the putative
targeted genes.

Wild-type sequences of circ_DLG1 containing the miR-338-3p binding site and mutant-type sequences of
circ_DLG1 containing the miR-338-3p mutated binding site were inserted into the pGL4 vector (Promega,
Madison, WI, USA), named as circ_DLG1-wt and circ_DLG1-mut. Likewise, wild-type sequences of
MAP3K9 containing the miR-338-3p binding site and mutant-type sequences of MAP3K9 containing the
miR-338-3p mutated binding site were cloned into the pGL4 vector, named as MAP3K9-wt and MAP3K9-
mut. TE-8 and KYSE450 cells seeded into 24-well plates were co-transfected with 50 nM miR-338-3p or
miR-NC and circ_DLG1-wt, circ_DLG1-mut, MAP3K9-wt or MAP3K9-mut using Lipofectamine 3000. The
luciferase activity was examined using the dual-luciferase reporter assay kit (Promega) after 48-h
transfection.

Animal experiments

Animal procedures were conducted conforming to the Animal Care and Use Committee of The First
A�liated Hospital of Xiamen. 5-week-old nude mice (Female, n=8) were purchased from the Animal Core
Facility, SIBCB (Shanghai, China). TE-8 cells stably transfected with sh-circ_DLG1 or sh-NC were
subcutaneously implanted into the right �ank of mouse back. Tumor volume was recorded every 5 d
using the formula: length × width2 × 0.5. Tumors were excised after 30 d.

Statistical analysis

Statistical analysis was performed using SPSS 21.0 software (IBM Corp., Armonk, NY, USA). The linear
dependence was analyzed by Spearman’s correlation analysis. All data were collected from three
independent experiments and displayed as mean ± standard deviation. The Student’s t-test was applied
to analyze the differential signi�cance between two groups, and analysis of variance (ANOVA) was
applied to analyze signi�cance among more than two groups, followed by the Tukey correction for
multiple comparisons. P < 0.05 was considered to be statistically signi�cant.

Result
The expression of circ_DLG1 was upregulated in ESCC tissues, plasma and cells

The examination of the expression of circ_DLG1 was conducted using qRT-PCR in ESCC tissues, plasma
and cells. Consistently, the expression of circ_DLG1 was aberrantly elevated in ESCC tumor tissues,
plasma from patients with tumor and ESCC cell lines (EC9706, KYSE30, TE-8 and KYSE450) relative to
adjacent normal tissues, plasma from normal subjects and Normal esophageal squamous epithelial cells
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(HET-1A), respectively (Figure 1A, 1B and 1C). The data suggested that circ_DLG1 might play speci�c
roles in ESCC.

Circ_DLG1 regulated cell cycle and cell proliferation in KYSE450 and TE-8 cells

The effects of circ_DLG1 on proliferation were explored to ensure the biological function of circ_DLG1
using gain- or loss-function assay. Firstly, the stability of circ_DLG1 was examined using RNase R, and
the result presented that RNase R treatment hardly affected the expression of circ_DLG1 but signi�cantly
diminished the expression of linear mRNA (DLG1), suggesting that circ_DLG1 stably existed in KYSE450
and TE-8 cells (Figure 2A and 2B). Next, the e�ciency of circ_DLG1 knockdown or overexpression was
checked, and the data displayed that the expression of circ_DLG1 was notably decreased in TE-8 and
KYSE450 cells with the transfection of si-circ_DLG1 relative to si-NC but increased with the transfection of
circ_DLG1 relative to NC (Figure 2C and 2D). For cell cycle detection, circ_DLG1 knockdown prominently
reduced the number of S-phase cells compared with control, indicating that circ_DLG1 knockdown
repressed cell transition from G1 to S and G2 (Figure 2E and 2G). On the contrary, circ_DLG1
overexpression increased the number of S-phase cells in TE-8 and increased the number of G2-phase
cells in KYSE450, indicating that circ_DLG1 overexpression accelerated the cell transition from G1 to S
and G2 (Figure 2I and 2K). Besides, circ_DLG1 knockdown pronouncedly inhibited the proliferation of TE-
8 and KYSE450 cells (Figure 2F and 2H), while circ_DLG1 overexpression signi�cantly promoted the
proliferation of TE-8 and KYSE450 cells (Figure 2J and 2L). These analyses summarized that circ_DLG1
promoted cell cycle and proliferation.

Circ_DLG1 regulated cell migration and invasion in TE-8 and KYSE450 cells

Next, we explored the effects of circ_DLG1 on cell migration and invasion using transwell assay. The
result exhibited that the number of migrated and invaded cells was markedly declined in TE-8 and
KYSE450 cells transfected with si-circ_DLG1 compared with si-NC (Figure 3A and 3B), while the number
of migrated and invaded cells was markedly reinforced in TE-8 and KYSE450 cells transfected with
circ_DLG1 compared with Vector (Figure 3C and 3D). The data showed that circ_DLG1 promoted cell
migration and invasion.

MAP3K9 was highly expressed in ESCC tissues and cells

The expression of MAP3K9 was strengthened in ESCC tissues (n=44) compared with normal tissues
(n=44) at both mRNA and protein levels (Figure 4A and 4B). Interestingly, MAP3K9 expression was
positively correlated with circ_DLG1 expression in ESCC tissues (Figure 4C). Likewise, the expression of
MAP3K9 was also enhanced in TE-8 and KYSE450 cells relative to that in HET-1A cells at both mRNA and
protein levels (Figure 4D and 4E). The data hinted that MAP3K9 was aberrantly upregulated in ESCC.

MAP3K9 overexpression rescued the effects of circ_DLG1 knockdown on cell cycle, proliferation,
migration and invasion
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TE-8 and KYSE450 cells were introduced with si-circ_DLG1 or si-circ_DLG1+MAP3K9, si-NC or si-
circ_DLG1+pcDNA as the control. We found that the expression of MAP3K9 was decreased in TE-8 and
KYSE450 cells transfected with si-circ_DLG1 but recovered in cells transfected with si-
circ_DLG1+MAP3K9 at both mRNA and protein levels (Figure 5A and 5B), indicating the transfection
e�ciency was acceptable. Functionally, the cell transition from G1 to S and G2 suppressed in TE-8 cells
transfected with si-circ_DLG1 was recovered by the transfection of si-circ_DLG1+MAP3K9 (Figure 5C).
Similarly, circ_DLG1 knockdown-inhibited proliferation of TE-8 cells was signi�cantly encouraged in cells
transfected with si-circ_DLG1+MAP3K9 (Figure 5D). The presentation of cell cycle and cell proliferation in
KYSE450 cells with transfection was consistent with that in TE-8 cells (Figure 5E and 5F). The abilities of
migration and invasion were suppressed in si-circ_DLG1 transfected TE-8 and KYSE450 cells but elevated
in cells transfected with si-circ_DLG1+MAP3K9 (Figure 5G and 5H). These results indicated that MAP3K9
overexpression could promote cell cycle, proliferation, migration and invasion, which was inhibited by
circ_DLG1 knockdown.

MiR-338-3p was a link between circ_DLG1 and MAP3K9

MiR-338-3p was predicted to be a target of circ_DLG1 with a special targeting site by the online tool
starBase 3.0 (Figure 6A). Then, the dual-luciferase reporter assay was performed to con�rm this
prediction, and the data showed that miR-338-3p reintroduction markedly weakened the luciferase activity
in TE-8 and KYSE450 cells transfected with circ_DLG1-wt but not circ_DLG1-mut relative to miR-NC
(Figure 6B and 6C). Not surprisingly, the expression of miR-338-3p was notably enhanced in TE-8 and
KYSE450 cells with circ_DLG1 knockdown but notably impaired in TE-8 and KYSE450 cells with
circ_DLG1 overexpression (Figure 6D). Subsequently, the expression of miR-338-3p was examined in
ESCC tissues and cells, and we noticed that the content of miR-338-3p was remarkably lower in tumor
tissues than that in normal tissues (Figure 6E). Besides, the content of miR-338-3p in TE-8 and KYSE450
cells was also lessened compared with that in HET-1A cells (Figure 6F). In addition, miR-338-3p
expression was negatively correlated with circ_DLG1 expression in ESCC tissues (Figure 6G). Interestingly,
MAP3K9 was a putative target of miR-338-3p with special binding sites between its 3’UTR and miR-338-
3p, which was forecasted by the online tool starBase 3.0 (Figure 6H). In addition, their targeted
relationship was veri�ed by dual-luciferase reporter assay (Figure 6I and 6J). Then, TE-8 and KYSE450
cells were transfected with miR-338-3p or anti-miR-338-3p, miR-NC or anti-miR-NC as the control. The
expression of miR-338-3p was elevated in TE-8 and KYSE450 cells with miR-338-3p transfection but
depleted with anti-miR-338-3p transfection (Figure 6K and 6L). While the expression of MAP3K9 was
repressed in TE-8 and KYSE450 cells with miR-338-3p transfection but stimulated with anti-miR-338-3p
transfection at both mRNA and protein levels (Figure 6M and 6N). Moreover, miR-338-3p expression was
negatively correlated with MAP3K9 expression at the mRNA level in ESCC tissues (Figure 6O). These data
suggested that miR-338-3p might be a link between circ_DLG1 and MAP3K9.

Circ_DLG1 knockdown functioned by weakening the expression of MAP3K9 via targeting miR-338-3p
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The data from qRT-PCR and western blot presented that the expression of MAP3K9 was signi�cantly
reduced in TE-8 and KYSE450 cells with the transfection of si-circ_DLG1 but obviously enhanced in TE-8
and KYSE450 cells with the transfection of si-circ_DLG1+anti-miR-338-3p (Figure 7A and 7B), indicating
that circ_DLG1 regulated MAP3K9 expression by mediating miR-338-3p. Functionally, circ_DLG1
knockdown-arrested cell cycle was promoted in TE-8 and KYSE450 cells transfected with si-
circ_DLG1+anti-miR-338-3p (Figure 7C and 7E). Besides, the proliferation of TE-8 and KYSE450 cells was
blocked with si-circ_DLG1 transfection but notably restored with si-circ_DLG1+anti-miR-338-3p
transfection (Figure 7D and 7F). Moreover, the capacities of cell migration and invasion blocked in TE-8
and KYSE450 cells transfected with si-circ_DLG1 were partially elevated in cells transfected with si-
circ_DLG1+anti-miR-338-3p (Figure 7G and 7H). These data exhibited that circ_DLG1 knockdown blocked
the malignant activities by impairing MAP3K9 via enriching miR-338-3p.

The circ_DLG1/miR-338-3p/MAP3K9 axis participated in ESCC progression via regulating the MAPK/ERK
pathway

MAPK/ERK signaling pathway was frequently mentioned in human diseases, including cancer. Further,
we explored whether this pathway was involved in the circ_DLG1/miR-338-3p/MAP3K9 axis in ESCC. The
data from western blot showed that the levels of p-p38 and p-ERKs were declined in TE-8 and KYSE450
cells with si-circ_DLG1 transfection, while the transfection of si-circ_DLG1+anti-miR-338-3p or si-
circ_DLG1+MAP3K9 substantially recovered the levels of p-MAPK and p-ERKs declined by si-circ_DLG1
transfection in TE-8 and KYSE450 cells (Figure 8A and 8B). The regular expression change of p-p38 and
p-ERKs suggested that MAPK/ERK pathway was involved in the circ_DLG1/miR-338-3p/MAP3K9
regulatory axis.

Circ_DLG1 knockdown blocked tumor growth in vivo by modulating miR-338-3p and MAP3K9

TE-8 cells with the transfection of sh-circ_DLG1 or sh-NC were injected into nude mice to monitor the role
of circ_DLG1 in vivo. The note presented that the tumor volume in the sh-circ_DLG1 group was
signi�cantly lower than that in the sh-NC group (Figure 9A). At 30 d after injection, all mice were killed,
and the tumor was excised. The expression of proliferation activity-related protein Ki67 at the protein level
was markedly decreased in the sh-circ_DLG1 group relative to that in the sh-NC group (Figure 9B), hinting
that circ_DLG1 knockdown inhibited tumor growth. Besides, circ_DLG1 knockdown also impaired the
tumor weight compared to control (Figure 9C). The expression analyses displayed that the expression of
circ_DLG1 was reduced in the excised tumor tissues from the sh-circ_DLG1 group relative to the sh-NC
group, while the expression of miR-338-3p was enhanced (Figure 9D and 9E). The expression of MAP3K9
at both mRNA and protein levels was unsurprisingly depleted in tumor tissues from the sh-circ_DLG1
group relative to the sh-NC group (Figure 9F and 9G). The data concluded that circ_DLG1 knockdown
suppressed tumor growth in vivo by upregulating miR-338-3p and downregulating MAP3K9.

Discussion
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The identi�cation of circRNAs in ESCC helps to broaden people’s eyes to understand ESCC progression
with complex pathogenesis, and circRNAs are promising biomarkers for ESCC diagnosis and prognosis
[23]. Data from the present study indicated that circ_DLG1 was excessive in ESCC tissues, plasma and
cells. Functional analyses revealed that circ_DLG1 knockdown inhibited cell cycle, proliferation, migration
and invasion in vitro and attenuated tumor growth in vivo. Regarding the potential mechanisms, this
paper provided evidence that circ_DLG1 played its functioned by regulating the MAPK/ERK pathway
following the miR-338-3p/MAP3K9 axis. The present study provided vital clues to enrich the functional
roles of circ_DLG1 in ESCC and presented a theoretical basis for its application in ESCC therapeutic
strategy.

Although the important role of circRNAs in cancer has been clari�ed, the research on circRNAs in cancer
is still limited. A previous study led us to know that circ_DLG1 was abundantly expressed in ESCC tissues
and cell lines, and circ_DLG1 underexpression effectively suppressed cell proliferation and colony
formation [14]. However, the more biological functions of circ_DLG1 and its associated regulatory
pathway involved in the ESCC development have not been mentioned. The presented study also
conveyed that the abundance of circ_DLG1 was strengthened in ESCC tissues, plasma and cells.
Functionally, circ_DLG1 knockdown signi�cantly weakened cell cycle, proliferation, migration and
invasion of ESCC cells, while circ_DLG1 overexpression presented the opposite effects. These results
hinted that circ_DLG1 might act as a tumor promoter in ESCC.

MAP3K9, also well known as mixed-lineage kinase 1 (MLK1), was previously classi�ed into an oncogene
[24]. The carcinogenic effects of MAP3K9 have been characterized in numerous cancers. For example,
miR-7, miR-490-5p and miR-148a exerted their tumor inhibitor role in pancreatic cancer [25],
pharyngolaryngeal cancer [26] and cutaneous squamous cell carcinoma [27] by targeting MAP3K9,
respectively. In ESCC, a recent study also concluded that miR-148a depleted the expression of MAP3K9 to
block the development of ESCC [28]. These �ndings emphasized the consistent carcinogenic role of
MAP3K9 in diverse cancers. Uniformly, MAP3K9 was aberrantly upregulated in ESCC tissues and cells in
this study, and MAP3K9 downregulation sequestered cell cycle, proliferation, migration and invasion.
Besides, MAP3K9 overexpression rescued the effects of circ_DLG1 knockdown.

The most studied function of circRNAs is acting as miRNA sponges to modulate the expression of
downstream mRNA, thus participating in biological processes, such as tumor development [29]. Here,
miR-338-3p was identi�ed as a target of circ_DLG1, and miR-338-3p directly bound to MAP3K9. Besides,
circ_DLG1 knockdown depleted the expression of MAP3K9 by upregulating miR-338-3p, suggesting that
circ_DLG1 regulated MAP3K9 by adsorbing miR-338-3p. The data from previous studies displayed that
miR-338-3p was notably downregulated in ESCC tissues [22,30]. However, the biological functions of miR-
338-3p have not been explored. Our study functionally presented that miR-338-3p de�ciency reversed the
effects of circ_DLG1 knockdown, suggesting that miR-338-3p was a tumor suppressor in ESCC.

Moreover, the MAPK/ERK signaling pathway was con�rmed to be involved in the circ_DLG1/miR-338-
3p/MAP3K9 regulatory axis in this study. The activation of the MAPK/ERK signaling pathway was closely
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connected with the development of tumors [31,32]. MLK was identi�ed as an upstream modulator of
MAPKs to activate p38 MAPK pathway, MEK pathway or ERK pathway [25]. Hence, the experiments were
performed to detect whether MAPK signaling pathway was involved in the circ_DLG1/miR-338-
3p/MAP3K9 regulatory axis. Interestingly, circ_DLG1 knockdown weakened the expression of p-p38 and
p-ERKs, while MAP3K9 overexpression or miR-338-3p inhibition reversed these effects, suggesting that
the p38 MAPK/ERK pathway was associated with circ_DLG1 action mode in ESCC.

Conclusion
Taken together, circ_DLG1 was aberrantly upregulated in ESCC tissues, plasma and cells. Circ_DLG1
knockdown suppressed malignant cellular activities in vitro and tumor growth in vivo by mediating miR-
338-3p/MAP3K9 axis via inactivating the MAPK/ERK signaling pathway. Our study enriched the role of
circ_DLG1 and provided a novel functional mechanism of circ_DLG1 to defend ESCC.
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Figures

Figure 1

Circ_DLG1 was upregulated in ESCC tissues, plasma and cells. (A) The expression of circ_DLG1 in ESCC
tumor tissues (n=44) and matched normal tissues (n=44) was detected by qRT-PCR. (B) The expression
of circ_DLG1 in plasma from ESCC patients (n=26) and healthy subjects (n=26) was detected by qRT-
PCR. (C) The expression of circ_DLG1 in ESCC cell lines (EC9706, KYSE30, TE-8 and KYSE450) and
normal cell line (HET-1A) was detected by qRT-PCR. *P < 0.05.
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Figure 2

Circ_DLG1 regulated cell cycle and proliferation. (A and B) The stability detection of circ_DLG1 and its
linear mRNA DLG1 was detected by qRT-PCR in TE-8 and KYSE450 cells treated with RNase R. (C and D)
The e�ciency of circ_DLG1 knockdown and overexpression was checked by qRT-PCR. (E) TE-8 cells with
circ_DLG1 knockdown were subjected to �ow cytometry analysis to evaluate cell cycle distribution. (F)
The proliferation of TE-8 cells transfected with si-circ_DLG1 was assessed by MTT assay. (G) KYSE450
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cells with circ_DLG1 knockdown were subjected to �ow cytometry analysis to evaluate cell cycle
distribution. (H) The proliferation of KYSE450 cells transfected with si-circ_DLG1 was assessed by MTT
assay. (I) TE-8 cells with circ_DLG1 overexpression were subjected to �ow cytometry analysis to evaluate
cell cycle distribution. (J) The proliferation of TE-8 cells transfected with circ_DLG1 was assessed by
MTT assay. (K) KYSE450 with circ_DLG1 overexpression were subjected to �ow cytometry analysis to
evaluate cell cycle distribution. (L) The proliferation of KYSE450 cells transfected with circ_DLG1 was
assessed by MTT assay. *P < 0.05.
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Figure 3

Circ_DLG1 regulated cell migration and invasion. (A and B) The migration and invasion of TE-8 and
KYSE450 cells transfected with si-circ_DLG1 were monitored by transwell assay. (C and D) The migration
and invasion of TE-8 and KYSE450 cells transfected with circ_DLG1 were determined by transwell assay.
*P < 0.05.

Figure 4

MAP3K9 was upregulated in ESCC tissues and cells. (A and B) The expression of MAP3K9 in tumor
tissues (n=44) and normal tissues (n=44) was measured by qRT-PCR and western blot at both mRNA and
protein levels. (C) The positive correlation between MAP3K9 expression and circ_DLG1 expression was
analyzed by Spearman’s correlation analysis. (D and E) The expression of circ_DLG1 in TE-8, KYSE450
and HET-1A cells was measured by qRT-PCR and western blot at both mRNA and protein levels. *P < 0.05.
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Figure 5

MAP3K9 overexpression promoted cell cycle, proliferation, migration and invasion blocked by circ_DLG1
knockdown. TE-8 and KYSE450 cells were transfected with si-circ_DLG1, si-NC, si-circ_DLG1+MAP3K9 or
si-circ_DLG1+pcDNA. (A and B) The expression of MAP3K9 was checked in these cells by qRT-PCR and
western blot. (C and D) Cell cycle and proliferation in TE-8 cells were investigated using �ow cytometry
assay and MTT assay, respectively. (E and F) Cell cycle and proliferation in KYSE450 cells were
investigated using �ow cytometry assay and MTT assay, respectively. (G and H) Cell migration and
invasion were detected by transwell assay. *P < 0.05.
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Figure 6

Circ_DLG1 targeted miR-338-3p, and miR-338-3p bound to MAP3K9. (A) MiR-338-3p was predicted as a
target of circ_DLG1 by starBase. (B and C) The association between circ_DLG1 and miR-338-3p was
veri�ed by dual-luciferase reporter assay. (D) The expression of miR-338-3p in TE-8 and KYSE450 cells
with circ_DLG1 knockdown or overexpression was measured by qRT-PCR. (E) The abundance of miR-338-
3p in tumor tissues (n=44) and normal tissues (n=44) was examined by qRT-PCR. (G) The negative
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correlation between miR-338-3p expression and circ_DLG1 expression was analyzed by Spearman’s
correlation analysis. (H) MAP3K9 was predicted as a target of miR-338-3p by starBase. (I and J) The
interaction between miR-338-3p and MAP3K9 was veri�ed by dual-luciferase reporter assay. (K and L)
The expression of miR-338-3p in TE-8 and KYSE450 cells transfected with miR-338-3p and anti-miR-338-
3p was detected by qRT-PCR. (M and N) The expression of MAP3K9 in TE-8 and KYSE450 cells
transfected with miR-338-3p and anti-miR-338-3p was detected by qRT-PCR and western blot. (O) The
negative correlation between miR-338-3p expression and MAP3K9 expression in ESCC tissues was
analyzed by Spearman’s correlation analysis. *P < 0.05.

Figure 7

MiR-338-3p downregulation promoted cell cycle, proliferation, migration and invasion blocked by
circ_DLG1 knockdown. TE-8 and KYSE450 cells were transfected with si-circ_DLG1, si-NC, si-
circ_DLG1+anti-miR-338-3p or si-circ_DLG1+anti-miR-NC. (A and B) The expression of MAP3K9 in these
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cells was detected by qRT-PCR and western blot. (C and D) Cell cycle and proliferation in TE-8 cells were
assessed by �ow cytometry assay and MTT assay, respectively. (E and F) Cell cycle and proliferation in
KYSE450 cells were assessed by �ow cytometry assay and MTT assay, respectively. (G and H) Cell
migration and invasion were evaluated by transwell assay. *P < 0.05.

Figure 8

Circ_DLG1 knockdown functioned by inactivating MAPK/ERK pathway. (A and B) The expression of p-p38
and p-ERK was investigated in TE-8 and KYSE450 cells with the transfection of si-circ_DLG1, si-
circ_DLG1+anti-miR-338-3p or si-circ_DLG1+MAP3K9, and si-NC, si-circ_DLG1+anti-miR-NC or si-
circ_DLG1+pcDNA acted as the separated control. *P < 0.05.
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Figure 9

Circ_DLG1 knockdown lessened tumor growth in vivo by downregulating MAP3K9 and upregulating miR-
338-3p. (A) Tumor volume was recorded every 5 days. (B) The identi�cation of excised tumor tissues was
performed by detecting the expression of Ki67 using western blot. (C) Tumor weight was obtained from
the excised tumors. (D and E) The expression of circ_DLG1 and miR-338-3p in tumors was detected by
qRT-PCR. (F and G) The expression of MAP3K9 was measured by qRT-PCR and western blot. *P < 0.05.


