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CircDDX17 reduces 5-fluorouracil resistance
and hinders tumorigenesis in colorectal
cancer by regulating miR-31-5p/KANK1 axis
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Abstract. — OBJECTIVE: Colorectal cancer
(CRC) is one of the most common malignancies
worldwide. Chemotherapy resistance is a con-
siderable obstacle to CRC treatment. Circular
RNAs (circRNAs) are involved in the pathogene-
sis of many cancers. This study aimed to inves-
tigate the role and molecular basis of DEAD-box
helicase 17 circRNA (circDDX17) in 5-fluoroura-
cil (5-Fu) sensitivity and CRC progression.

MATERIALS AND METHODS: The levels of
circDDX17, microRNA-31-5p (miR-31-5p) and kid-
ney ankyrin repeat-containing protein 1 (KANK1)
were detected by quantitative real-time PCR or
western blot assay. Cell viability was assessed
by Cell Counting Kit-8 (CCK-8) assay. Cell apop-
tosis rate was monitored by flow cytometry. Cell
invasion capacity was evaluated by transwell
assay. Western blot assay was conducted to
measure the expression of matrix metallopepti-
dase 9 (MMP9) and E-cadherin. The interaction
among circDDX17, miR-31-5p and KANK1 was in-
dicated by bioinformatics analysis and dual-lu-
ciferase reporter assay. Xenograft assay was
performed to analyze tumor growth and 5-Fu
sensitivity in vivo.

RESULTS: CircDDX17 and KANK1 were
down-regulated, while miR-31-5p was upregu-
lated in CRC tissues and cells. Upregulation of
circDDX17 enhanced 5-Fu sensitivity and imped-
ed CRC development. CircDDX17 inhibited 5-Fu
resistance and CRC progression via sponging
miR-31-5p. Besides, KANK1 depletion attenu-
ated the effect of circDDX17 upregulation on
chemosensitivity and CRC progression. CircD-
DX17 regulated KANK1 expression by binding to
miR-31-5p. Moreover, circDDX17 overexpression
blocked tumor growth and elevated 5-Fu sensi-
tivity in vivo.

CONCLUSIONS: Upregulation of circDDX17
strengthened chemosensitivity of CRC to 5-Fu
and blocked CRC progression by regulating
miR-31-5p/KANK1 axis, which might provide an
effective treatment strategy for CRC patients.
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Introduction

Colorectal cancer (CRC) is listed as the third
most frequently diagnosed cancer with a high
mortality rate'. Colorectal tumors in the early
stages can be surgically removed, but the recur-
rence and metastasis of CRC patients are very
high, leading to a poor prognosis of colorectal
cancer’. Moreover, many CRC patients are not
diagnosed until late stage due to limitations in
early diagnostic markers and methods®. Thus,
studying the deep molecular mechanism of CRC
progression is significant for improving CRC
treatment.

Circular RNAs (circRNAs) are a new class of
non-coding RNAs (ncRNAs) without the ability
to encode proteins®. Unlike linear RNA, cir-
cRNAs have a covalent closed-loop structure, so
they are more stable®. CircRNAs are crucial reg-
ulators of various biological functions in tumor
progression by functioning as microRNA molec-
ular sponges®. Circ_0005576 was upregulated in
cervical cancer and exerted oncogenic properties
by sponging microRNA-153 and increasing KI-
F20A expression’. CircFBXW7 suppressed the
development of triple-negative breast cancer by
regulating the microRNA-197-3p/FBXW7-185aa
axis®. In addition, some circRNAs have been
found to participate in the development of CRC”.
Like, circ 0009361 impeded CRC progression
through regulation of cell proliferation and epi-
thelial-mesenchymal transition (EMT)". CircVA-
PA accelerated CRC development via modulat-
ing microRNA-101". A recent report'? revealed
that circRNA derived from DEAD-box helicase
17 (circDDX17) was a tumor-suppressing factor
in CRC. However, the molecular mechanism of
circDDX17 has not been studied.

MicroRNAs (miRNAs) are a type of short
ncRNAs composed of 18-22 nucleotides'*. Mul-
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tiple miRNAs may be directly related to the drug
resistance of CRC'". MiR-874-3p potentiated the
chemosensitivity of CRC cells by activating the
Hippo signaling pathway'>. MiR-106a enhanced
chemoresistance of CRC cells via repressing
DUSP2 expression'®. MiR-223 expression was
reduced, and miR-223 knockdown increased the
doxorubicin sensitivity through regulation of
FBXW?7 in CRC". Additionally, miR-31-5p has
been reported to be involved in various human
cancers, such as oral cancer'®, renal cell carcino-
ma' and hepatocellular carcinoma®. However,
the relationship between circDDX17 and miR-
31-5p has not been investigated.

The kidney ankyrin repeat-containing pro-
tein 1 (KANKI1) is one of the critical members
of the KANK family?’. In several cancers,
the promoter methylation and hybridization
deletion of KANKI lead to insufficient or
down-regulated expression®’. Some researchers
have certified that KANKI1 has the effect of
inhibiting tumor progression ****. Nevertheless,
the antitumor effect of KANKI1 in CRC remains
unclear.

In the present research, we measured the ex-
pression of circDDX17, miR-31-5p and KANKI1
in CRC tissues and cells. Later, we explored the
function and potential mechanism of circDDX17
in CRC cells. These findings contributed to our
understanding of CRC resistance and progres-
sion.

Materials and Methods

Specimen Collection

Thirty CRC specimens and paired adjacent
normal tissues were collected from CRC pa-
tients who underwent surgical resection at Luoy-
ang Central Hospital Affiliated to Zhengzhou
University. None of them received preoperative
radiotherapy or chemotherapy. This study was
approved by the Ethics Committee of Luoyang
Central Hospital Affiliated to Zhengzhou Uni-
versity. All participants signed written informed
consents.

Cell Culture

Human normal colorectal epithelial cell line
NCM460 was commercially obtained from Bin-
SuiBio (Shanghai, China). Two CRC cell lines
(HCT116 and SW480) were obtained from Amer-
ican Type Culture Collection (ATCC, Manassas,
VA, USA). All cells were maintained at 37°C
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in Roswell Park Memorial Institute 1640 (RP-
MI-1640; Gibco, Rockville, MD, USA) with 10%
fetal bovine serum (FBS; Gibco).

Cell Transfection

CircDDX17 overexpression vector (DDX17),
the empty overexpression vector (pcDNA),
miR-31-5p mimics, the mimics control (miR-
NC), small interfering RNA (siRNA) targeting
circDDX17 (si-DDX17), siRNA against KANK1
(si-KANKI1) and the siRNA control (si-NC)
were synthesized from RiboBio (Guangzhou,
China). Transfection of plasmids and oligonu-
cleotides into CRC cells was performed using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA).

Quantitative Real-Time PCR (qRT-PCR)

RNA was extracted with TRIzol reagent (In-
vitrogen), and then the first-stranded cDNA was
synthesized by M-MLV RT Kit (AiYou Bio-
sciences, Guangzhou, China) or miScript II
RT Kit (Qiagen, Frankfurt, Germany). Quan-
titative RT-PCR was performed using SYBR
Green PCR Master Mix (LMAI Bio, Shang-
hai, China). The expression of circDDX17
and KANKI1 was normalized by glyceralde-
hyde-3-phosphate  dehydrogenase (GAPDH).
MiR-31-5p expression was normalized by U6.
The primers used included: circDDX17-F: 5°-TG-
CCAACCACAACATCCTCCA-3’, circDDX17-R,
5>-CGCTCCCCAGGATTACCAAAT-3’; miR-
31-5p-F:  5-CGGCGGAGGCAAGATGCTGG-
CA-3’, miR-31-5p-R, 5-CAACTGGTGTCGT-
GGAGTCGG-3; KANKI-F: 5-GTGCCGAG-
GAGAACATGAAC-3’, KANKI-R, 5-CTCTA-
AGCTGTACTTCTAGGCGA-3’; GAPDH-F:
5’>-ACAACTTTGGTATCGTGGAAGG-3’, GAP-
DH-R, 5-GCCATCACGCCACAGTTTC-3%
U6-F: 5-CTCGCTTCGGCAGCACA-3’, U6-R,
5>~ ACGCTTCACGAATTTGCGT-3".

Cell Counting Kit-8 (CCK-8) Assay

Cells were plated in 96-well plates and then
treated with different doses of 5-fluorouracil (5-
Fu) for 48 h. Next, 10 uL of CCK-8 solution (Bey-
otime, Shanghai, China) was added into each well
after stimulation with 5-Fu. After incubation for
2 h, absorbance was examined at 450 nm using a
microplate reader (Bio-Rad, Hercules, CA, USA).
The half inhibition concentration (IC,)) was cal-
culated by the cell viability curve.
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Flow Cytometry

Cells were plated in six-well plates and
washed twice with cold PBS. Cell apoptosis
rate was monitored by AnnexinV-fluoresce-
in isothiocyanate (AnnexinV-FITC)/Propidi-
um lodide (PI) Apoptosis Detection kit (In-
vitrogen) at 48 h post-transfection. Next, BD
FACSCalibur flow cytometry (BD Biosciences,
Franklin Lakes, NJ, USA) was used to assess
the apoptotic index.

Cell Invasion Assay

HCTI116 and SW480 cells were collected and
resuspended after transfection. Subsequently,
cells were plated into 24-well transwell chambers
(Corning, Corning, NY, USA) precoated with
Matrigel (BD Biosciences). The lower chamber
was added with medium containing 20% FBS.
After incubation for 24 h, the invaded cells were
fixed using methanol and stained with crystal
violet for 30 min. Next, the stained cells in 5
randomly selected fields were photographed and
counted under a microscope.

Western Blot Assay

Cells were lysed with RIPA buffer (Solarbio,
Beijing, China). After centrifugation and quan-
tification, equal amounts of protein were sepa-
rated by sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred
to polyvinylidene difluoride (PVDF) membranes
(Millipore, Billerica, MA, USA). Subsequently,
the membranes were probed with primary anti-
bodies against matrix metallopeptidase 9 (MMP9)
(ab38898, Abcam, Cambridge, UK), E-cadherin
(ab15148, Abcam), KANKI1 (ab251677, Abcam)
and GAPDH (ab9485, Abcam) at a dilution ratio
of 1:1000. Next, the membranes interacted with
secondary antibody (ab7090, Abcam). The signal
intensity was tested by the enhanced chemilu-
minescence system (Millipore, Billerica, MA,
USA).

Dual-Luciferase Reporter Assay

The sequences of circDDX17 or KANKI
3’UTR containing putative miR-31-5p binding
sites were constructed into pmirGLO vectors
(Promega, Madison, WI, USA) to form WT-
DDX17 or WT-KANKI1 reporter. Also, MUT-
DDX17 or MUT-KANKI reporter carrying the
mutant miR-31-5p binding sites were generated.
Then, the constructed luciferase reporter was
cotransfected with miR-31-5p mimics or miR-NC
into HCT116 and SW480 cells. After introduction

for 48 h, the luciferase intensity was determined
using a Dual Luciferase Reporter Assay Kit (Va-
zyme Biotech, Nanjing, China).

Lentivirus Infection

Lentivirus vectors carrying circDDX17 over-
expression (lenti-DDX17) or the negative con-
trol (lenti-Control) were constructed by HanBio
(Shanghai, China). Then, treated lentivirus and
polybrene were cotransfected into SW480 cells
using Lipofectamine 2000 (Invitrogen). Subse-
quently, puromycin was added to obtain stably
expressing cells.

Xenograft Tumor Experiment

BALB/c nude mice (5-week-old) were random-
ly divided into 4 groups (Control, Control+5-Fu,
DDX17, DDX17+5-Fu) with 5 mice in each group.
SW480 cells harboring DDX17 or Control were
subcutaneously injected into the right flank of
mice. Seven days after injection, mice in the Con-
trol and DDX17 groups were intraperitoneally
injected with PBS (500 pL), and mice in the Con-
trol+5-Fu and DDX17+5-Fu groups were injected
with PBS containing 5-Fu (50 mg/kg) every 4
days. Tumor volume was measured every 4 days.
Twenty-seven days later, the mice were anesthe-
tized and sacrificed. Then, the xenografts were
removed and weighed. The xenograft experiment
was ratified by the Animal Welfare Committee
of Luoyang Central Hospital Affiliated to Zheng-
zhou University.

Statistical Analysis

GraphPad Prism 7 software (GraphPad, San
Diego, CA, USA) was used to assess the data.
Data were presented as mean + standard devi-
ation. Student’s z-test was used to compare the
difference between two groups, and one-way
analysis of variance followed by Tukey’s test was
employed to evaluate the differences among mul-
tiple groups. The linear relationship was analyzed
by Spearman’s correlation coefficient. p<0.05 in-
dicated that the difference was statistically sig-
nificant.

Results

CircDDX17 was Down-Regulated,
while miR-31-5p was Upregulated in
CRC Tissues and Cells

First, we attempted to determine the relation-
ship between circDDX17 and miR-31-5p in vivo.
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Figure 1. CircDDX17 was down-regulated, while miR-31-5p was upregulated in CRC tissues and cells. (A and C) The levels
of circDDX17 and miR-31-5p were detected in CRC tissues (n=30) and adjacent normal tissues (n=30) using qRT-PCR. (B and
D) The levels of circDDX17 and miR-31-5p were measured in NCM460 cells and CRC cell lines (HCT116 and SW480) by
qRT-PCR. (E) The correlation between the levels of circDDX17 and miR-31-5p in CRC tissues was analyzed by Spearman’s

correlation coefficient. *p < 0.05.

The results indicated that circDDX17 expression
was markedly reduced in CRC tissues compared
with adjacent normal tissues (Figure 1A). Con-
sistently, circDDX17 expression was remarkably
lower in CRC cell lines (HCT116 and SW480)
than that in NCM460 cells (Figure 1B). In addi-
tion, miR-31-5p was an oncogene in CRC. As ex-
pected, the expression of miR-31-5p was distinct-
ly increased in CRC tissues and cells (FigurelC
and 1D). Furthermore, Spearman’s correlation
analysis revealed a negative correlation between
circDDX17 and miR-31-5p expression in CRC
tissues (Figure 1E).
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CircDDX17 Overexpression Enhanced
5-Fu Sensitivity and Apoptosis Rate and
Hindered Invasion and EMT in CRC Cells
To investigate the role of circDDX17 in the
chemoresistance and progression of CRC, HCT116
and SW480 cells were introduced with pcDNA
or DDX17. First of all, the results exhibited that
circDDX17 expression was strikingly increased in
CRC cells transfected with DDX17 compared to
the untransfected (Control) or pcDNA group (Fig-
ure 2A). Next, the effect of DDX17 on 5-Fu sensi-
tivity of HCT116 and SW480 cells was studied by
CCK-8 assay. The results indicated that the IC,
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Figure 2. CircDDX17 overexpression enhanced 5-Fu sensitivity and apoptosis rate and hindered invasion and EMT in CRC cells. (A-E) HCT116 and SW480 cells were
introduced with pcDNA or DDX17. (A) The expression of circDDX17 was examined by qRT-PCR. (B) IC, of 5-Fu was evaluated by CCK-8 assay after 5-Fu treatment. (C) Cell
apoptosis rate was monitored by flow cytometry. (D) Cell invasion was assessed using transwell assay (100 x). (E) EMT-related markers (MMP9 and E-cadherin) were measured

by western blot assay. *p < 0.05.
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value of 5-Fu in CRC cells introduced with DDX17
was decreased compared to the pcDNA group
(Figure 2B). Flow cytometry showed that upreg-
ulation of DDXI17 triggered a distinct increase
of apoptosis rate in HCT116 and SW480 cells
(Figure 2C). Transwell assay suggested that cell
invasion capacity was clearly decreased through
overexpression of DDX17 (Figure 2D). Moreover,
transfection with DDX17 resulted in an apparent
reduction in MMP9 expression and a dramatical
increase in E-cadherin expression (Figure 2E).
These data evidenced that upregulation of DDX17
increased 5-Fu sensitivity and facilitated apoptosis
and suppressed invasion and EMT in CRC cells.

CircDDX17 Regulated Chemosensitivity
and Tumor Progression by
Sponging miR-31-5p

StarBase v2.0 predicted that circDDX17 and
miR-31-5p had targeted binding sites (Figure 3A).
To further verify the interaction between circD-
DX17 and miR-31-5p, dual-luciferase reporter as-
say was performed, and the results showed that
miR-31-5p mimics conspicuously reduced the lu-
ciferase activity of WT-DDX17 reporter, but did
not affect the luciferase activity of MUT-DDX17
reporter in HCT116 and SW480 cells (Figure 3B).
Additionally, qRT-PCR analysis unveiled that
knockdown of DDX17 notably increased miR-31-
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Figure 3. CircDDX17 regulated chemosensitivity and tumor progression by sponging miR-31-5p. (A) The putative binding
sites of circDDX17 and miR-31-5p were shown. (B) Dual-luciferase reporter assay was performed to validate the interaction
between circDDX17 and miR-31-5p. (C) The level of miR-31-5p was measured in HCT116 and SW480 cells introduced with
si-NC, si-DDX17, pcDNA or DDX17. (D) The expression of miR-31-5p was detected in CRC cells after transfection with
miR-NC or miR-31-5p mimics. (E-I) HCT116 and SW480 cells were introduced with pcDNA, DDX17, DDX17+miR-NC
or DDX17+miR-31-5p mimics. (E) CCK-8 assay was utilized to calculate the IC,  of 5-Fu. (F and G) Flow cytometry and
transwell assay were used to detect cell apoptosis rate and cell invaded numbers. (H and I) Western blot assay was used to

measure the expression of EMT-related factors. *p < 0.05.
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Sp expression, while overexpression of DDX17
remarkably reduced miR-31-5p expression (Fig-
ure 3C). The expression of miR-31-5p was overtly
higher in CRC cells introduced with miR-31-5p
mimics than that in the miR-NC group, indicating
a productive transfection efficiency (Figure 3D).
Moreover, rescue experiments elucidated that
miR-31-5p overexpression recovered the effect
of DDX17 upregulation on pro-chemosensitivity
(Figure 3E), pro-apoptosis (Figure 3F), anti-inva-
sion (Figure 3G) and anti-EMT (Figure 3H and
3I). These data concluded that DDX17 modulated
5-Fu resistance and tumor progression by spong-
ing miR-31-5p in CRC cells.

KANKT1 was a Target of miR-31-5p

To further explore the molecular mechanism
of circDDX17 in CRC, TargetScan online data-
base was used to testify the existence of comple-
mentary sequences of miR-31-5p and KANKI
3’UTR (Figure 4A). Furtherly, dual-luciferase
reporter assay validated that the luciferase activ-
ity of WT-KANKI1 reporter was predominantly
suppressed in HCT116 and SW480 cells trans-
fected with miR-31-5p mimics, but luciferase
activity was not affected when the binding sites
were mutated (Figure 4B). Moreover, the mRNA
and protein levels of KANKI1 were markedly re-
duced in CRC tissues relative to adjacent normal
tissues (Figure 4C). The correlation between
miR-31-5p and KANKI1 expression was negative
in CRC tissues (Figure 4D). Compared with
NCM460 cells, the mRNA and protein levels of
KANKI1 were overtly decreased in HCT116 and
SW480 cells (Figure 4E). In a word, these data
manifested that KANKI1 was a target of miR-31-
5p in CRC cells.

KANKT1 Depletion Reversed the Effect of
circDDX17 Overexpression on 5-Fu
Resistance and Tumor Progression

Firstly, we analyzed the knockdown efficiency
of KANKI, and the results revealed that KANK1
knockdown drastically reduced the mRNA and
protein expression of KANKI (Figure 5A and
5B). To elucidate whether circDDX17 affected
chemosensitivity and tumor development in CRC
by regulating KANKI1, HCT116 and SW480 cells
were introduced with pcDNA, DDX17, DDX-
17+si-NC or DDX17+si-KANK1. CCK-8 assay
exhibited that the introduction of DDX17 led to a
marked decrease in IC, of 5-Fu, while this effect
was counteracted by inhibiting KANKI1 (Figure
5C). Flow cytometry showed that upregulation

of DDX17 remarkably expedited cell apoptosis,
whereas cotransfection of DDX17 and si-K ANK1
abrogated the effect (Figure 5D). Transwell anal-
ysis discovered that cotransfection of DDX17 and
si-K ANKI1 restored the decrease in the number of
invaded cells induced by DDX17 overexpression
(Figure SE). In addition, DDX17 upregulation
resulted in a noticeable decrease in MMP9 ex-
pression and an apparent increase in E-cadherin
expression, while the levels were recuperated
after transfection with si-KANKI1 (Figure 5F).
These data evidenced that circDDX17 inhibited
5-Fu resistance and tumor progression by modu-
lating KANK1 in CRC cells.

CircDDX17 Upregulated KANKT
Expression by Sponging miR-31-5p

To investigate the interaction among circD-
DX17, miR-31-5p and KANKI, the expression
of KANKI was detected in HCT116 and SW480
cells introduced with miR-NC, miR-31-5p mim-
ics, miR-31-5p mimics+pcDNA or miR-31-5p
mimics+DDX17. Western blot analysis disclosed
that miR-31-5p upregulation reduced KANKI ex-
pression, while introduction of DDX17 reversed
the effect on KANKI expression caused by miR-
31-5p mimics (Figure 6A and 6B). These data
confirmed that circDDX17 acted as a molecular
sponge of miR-31-5p to increase KANKI expres-
sion in CRC cells.

CircDDX17 Overexpression Blocked
Tumor Growth and Increased 5-Fu
Sensitivity in Vivo

To evaluate the function of circDDX17 in tum-
origenesis and 5-Fu sensitivity in vivo, the mice
xenograft model was constructed. The results
suggested that 5-Fu injection or DDX17 overex-
pression hindered tumor growth, and upregula-
tion of DDX17 enhanced 5-Fu-induced antitumor
function in vivo (Figure 7A and 7B). In addition,
we found that circDDX17 expression was in-
creased in tumor tissues infected with SW480
cells containing DDX17. These data conclud-
ed that upregulation of DDX17 inhibited tumor
growth and induced 5-Fu sensitivity in vivo.

Discussion
Colorectal cancer ranks third in all cancer cas-
es, accounting for about 9.2% in 2018%. Chemo-

therapy resistance has become one of the leading
causes of poor prognosis in CRC patients*. Flu-
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dual-luciferase reporter assay in CRC cells cotransfected with WT-KANK1 or MUT-KANK1 and miR-31-5p mimics or miR-NC. (C) The expression of KANK1 was measured
in CRC tissues and adjacent normal tissues using qRT-PCR and Western blot. (D) Spearman’s correlation coefficient was conducted to analyze the correlation between miR-31-5p
and KANKI1 in CRC tissues. (E) The mRNA and protein levels of KANK1 were examined in NCM460 cells and CRC cell lines. *p < 0.05.
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Figure 5. KANKI1 depletion reversed the effect of circDDX17 overexpression on 5-Fu resistance and tumor progression. (A and B) The expression of KANKI1 was detected
in Control, si-NC or si-KANKI group. (C-F) HCT116 and SW480 cells were introduced with pcDNA, DDX17, DDX17+si-NC or DDX17+si-KANKI. (C) The IC,; value was

calculated using CCK-8 assay. (D) Cell apoptosis rate was detected by flow cytometry. (E) The number of invaded cells was evaluated by transwell assay. (F) EMT—related
proteins were measured by Western blot analysis. *p < 0.05.
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Figure 6. CircDDX17 upregulated KANKI expression by sponging miR-31-5p. (A and B) The protein expression of KANKI1
was detected in HCT116 and SW480 cells introduced with miR-NC, miR-31-5p mimics, miR-31-5p mimics+pcDNA or miR-

31-5p mimics+DDX17. *p < 0.05.

orouracil is the first choice of chemotherapy for
advanced CRC?. However, fluorouracil treatment
has no significant effect on most patients with
advanced CRC because of acquired or inherent
resistance®®. Therefore, seeking more effective
CRC intervention strategies is essential.

EMT induces tumor metastasis characterized
by the deletion of epithelial-associated protein
(E-cadherin) and the increase of mesenchy-
mal-associated protein®’. Studies have shown
that some circRNAs can regulate EMT progres-
sion®, For instance, circRNA 0023642 acted
as a metastasis activator via activating the
EMT signaling pathway?®'. Moreover, increasing
evidence has corroborated that dysregulated
circRNAs are vital regulators of oncogene-
sis and progression*’ and provide many po-
tential biomarkers for CRC diagnosis, prog-
nosis and treatment. Zhu et al* revealed that

circ-BANP was prominently elevated in CRC
tissues and circ-BANP depletion curbed cell
proliferation in CRC. Zhang et al** presented
that circ_0007534 knockdown impeded prolif-
eration and accelerated apoptosis in CRC cells.
In addition, circDDX17 was down-regulated,
and circDDX17 silencing facilitated tumor pro-
gression in CRC*. We observed in the present
study that circDDX17 expression was overtly
decreased in CRC tissues and cells. Upregula-
tion of circDDX17 enhanced 5-Fu sensitivity
and induced apoptosis and impeded invasion
and EMT in CRC cells.

Moreover, circRNAs could regulate tumor pro-
gression by acting as miRNA sponges or compet-
ing endogenous RNAs (ceRNAs)***". Is the case
of circ-ZNF609 that contributed to tumor pro-
gression by functioning as a ceRNA of miR-150-
5p in nasopharyngeal carcinoma®. In the current
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Figure 7. CircDDX17 overexpression blocked tumor growth and increased 5-Fu sensitivity in vivo. SW480 cells transfected
with lenti-DDX17 or lenti-Control were subcutaneously inoculated into the mice. (A) Tumor volume was measured every
four days after inoculation. (B) Tumor weight was examined after mice were sacrificed. (C) Expression of circDDX17

in xenograft tumors was determined by qRT-PCR. *p < 0.05.
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study, we validated that miR-31-5p was a target of
circDDX17. Meanwhile, a large number of studies
have certified that miR-31 was a tumor regulator
in many types of malignant tumors, including
CRC™. Peng et al* unveiled that miR-31-5p di-
rectly targeted NUMB to expedite CRC growth
and development. Furthermore, Nakagawa et al*
discovered that 5-Fu exposure induced miR-31 to
reinforce drug resistance of CRC cells. LncRNA
ENST00000547547 increased 5-Fu sensitivity in
CRC by sponging microRNA-31*. We demon-
strated that miR-31-5p was strikingly upregulated
in CRC tissues and cells. Rescue experiments
validated that DDX17 attenuated 5-Fu resistance
and impaired tumor progression by sponging
miR-31-5p in CRC cells.

KANKI1 was a tumor-inhibiting gene in a
variety of cancers. In lung cancer and gastric
cancer, KANKI1 overexpression curbed tumor
invasion and metastasis®*?*. In malignant pe-
ripheral nerve sheath tumors, KANKI1 hindered
tumor growth by accelerating CXXC5-mediated
apoptosis®. Guo et al* indicated that overex-
pression of KANKI1 facilitated apoptosis by
mediating mitochondrial pathway in brain glio-
ma. In the present study, we found that KANKI1
expression was observably reduced in CRC tis-
sues and cells. Notably, this study disclosed
that miR-31-5p targeted KANKI in CRC cells.
CircDDX17 reduced chemoresistance of CRC
cells by regulating KANKI expression. In ad-
dition, upregulation of DDX17 reversed the de-
crease in KANKI protein level induced by miR-
31-5p overexpression, suggesting that DDX17
might act as a ceRNA of miR-31-5p to regulate
KANKI1 expression in CRC cells.

Conclusions

The above findings indicated that upregulation
of circDDX17 potentiated 5-Fu sensitivity and in-
hibited tumorigenesis in CRC cells by down-reg-
ulating miR-31-5p and elevating KANKI expres-
sion. Besides, DDX17 overexpression impeded
tumor growth and enhanced 5-Fu sensitivity in
vivo. These data contributed to our understanding
of CRC and might provide a promising target for
CRC treatment.
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