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Abstract
Background  Hepatocellular carcinoma (HCC) is the most common type of liver malignancy. Despite significant progress 
in HCC treatment, resistance to chemotherapy and tumor metastasis are the main reasons for the unsatisfactory prognosis 
of HCC. Circular RNAs (circRNAs) have been extensively documented to play a role in the development of various types 
of cancer.
Aims  Here, we investigated the role of DEAD-box helicase 17 circRNA (circDDX17) in HCC and its underlying molecular 
mechanisms.
Methods  Our research employed various techniques including reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR), cell counting kit-8 (CCK-8), flow cytometry, dual luciferase reporter assay, RNA immunoprecipitation (RIP), and 
western blot analysis. Additionally, we conducted a tumor xenograft assay to investigate the in vivo function of circDDX17.
Results  Firstly, the expression of circDDX17 was downregulated in HCC tissues and cells. Through functional experi-
ments, it was observed that the overexpression of circDDX17 enhanced the sensitivity of sorafenib, promoted apoptosis, 
and inhibited the process of epithelial-mesenchymal transition (EMT) in vitro. Additionally, in vivo studies revealed that 
circDDX17 reduced tumor growth and increased sorafenib sensitivity. Mechanically, circDDX17 competitively combined 
miR-21-5p to suppress PTEN expression and activate the PI3K/AKT pathway. Furthermore, our rescue assays demonstrated 
that circDDX17 act as a tumor suppressor by blocking sorafenib resistance and tumorigenesis, while the inhibitory effect 
caused by circDDX17 upregulation was neutralized when miR-21-5p was overexpressed, PTEN was silenced, or the PI3K/
AKT pathway was activated.
Conclusion  Our findings firstly confirmed that circDDX17 suppressed sorafenib resistance and HCC progression by regulat-
ing miR-21-5p/PTEN/PI3K/AKT pathway, which may provide novel biomarkers for the diagnosis, treatment and prognosis 
of HCC.
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Graphical Abstract
Schematic illustration showed that the molecular mechanism by which circDDX17 regulates sorafenib resistance and 
tumor progression of HCC via the miR-21-5p/PTEN/PI3K/AKT pathway. In HCC cells, the expression of circDDX17 was 
decreased, and overexpression of circDDX17 promoted cell apoptosis, and enhanced sorafenib sensitivity and reduced EMT 
process. Besides, circDDX17 competitively combined miR-21-5p and miR-21-5p targeted suppression PTEN to regulate the 
activation of PI3K/AKT pathway, thus promoting the tumorigenesis of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is a prevalent primary 
liver cancer globally [1]. Major risk factors for the devel-
opment of HCC include hepatitis B virus (HBV) and hepa-
titis C virus (HCV) infection [2]. Treatment options for 
HCC include surgical resection, liver transplantation, liver 
directed therapy and combination therapy [3]. Despite 
advancements in treatment, only a small percentage of 
patients achieve complete cure due to late-stage diagno-
sis [4]. Sorafenib is an oral multi-kinase inhibitor used to 
treat advanced HCC [5]. However, sorafenib resistance 
severely limits its therapeutic effect. Therefore, elucidation 

of the underlying mechanism of HCC onset and prognosis 
is essential for the treatment of HCC.

Circular RNAs (circRNAs) are highly conserved non-
coding RNAs that are covalently closed structure produced 
by the back-splicing mechanism of precursor mRNAs dur-
ing transcription [6–8]. Recently, more and more circRNAs 
have been identified, indicating that abnormally expressed 
circRNAs have a significant impact on HCC tumorigenesis 
and chemoresistance [9]. For example, circMRPS35 exerts 
a carcinogenic effect and resistance to cisplatin in HCC 
[7]. On the other hand, Circ_0003418 is downregulated in 
HCC, and silencing circ_003418 promotes cell prolifera-
tion, invasion, migration, cisplatin resistance and reduces 
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cell apoptosis of HCC cells [10]. Strikingly, DEAD-box 
helicase 17 circRNA (circDDX17) is produced through 
reverse splicing from a linear transcript of exons 2–5 of the 
DDX17 gene [11]. Besides, circDDX17 has been reported 
as a tumor suppressor in many diseases, including colo-
rectal cancer [12], prostate cancer [13], breast cancer [14] 
and myocarditis [11]. However, the role of circDDX17 in 
HCC has not been investigated.

MicroRNAs (miRNAs) are a class of small RNAs that 
are approximately 20–24 nt in length [15]. Accumulating 
evidences showed that miRNA also play an essential role 
in HCC tumorigenesis and chemoresistance. For instance, 
miR-541 acts as a tumor suppressor in HCC, and its over-
expression inhibits HCC cells proliferation, metastasis 
and autophagy [16]. miR-182 is upregulated in cisplatin-
resistant HCC cells, and its increases HCC growth and cis-
platin resistance [17]. Notably, it is reported that miR-21-5p 
involved in the development of human cancers, including 
lung cancer [18], oropharyngeal cancer [19] and breast 
cancer [20]. In addition, increasing research focuses on the 
interaction between circRNAs and miRNAs. For example, 
circ_104348 has been found to promote cell growth, migra-
tion, invasion and suppress apoptosis in HCC by acting 
as a sponge for miR-187-3p [21]. However, the relation-
ship between miR-21-5p and circDDX17 in HCC remains 
unclear.

As a classical pathway, the PTEN/PI3K/AKT signaling 
pathway has been reported to be involved in multiple bio-
logical processes in human diseases [22]. These diseases 
include prostate cancer [23], non-small-cell lung cancer 
[24], colon cancer [25] and HCC [26]. For example, bru-
satol suppresses cell growth and induces cell apoptosis of 
renal cancer cells through enhancing PTEN expression and 
blocking the expression levels of p-PI3K and p-AKT [27]. 
The combination of curcumin and glycyrrhetinic acid has 
been found to decrease cell proliferation and increase cell 
apoptosis and cell cycle arrest in HCC cells [28]. Moreover, 
in the non-tumor field, miR-26a-5p has been reported to acti-
vate the PI3K/AKT signaling pathway by silencing PTEN 
expression, thereby improving cardiomyocyte survival dur-
ing myocardial ischemia/reperfusion (I/R) injury by inhibit-
ing the PTEN/PI3K/AKT pathway [29]. Besides, miRNAs 
have been shown to regulate the PTEN/PI3K/AKT pathway 
in human cancer. For instance, miR-301a as an oncogene 
promotes ovarian cancer growth and resistance through 
inhibiting PTEN expression and increasing the expression of 
p-PI3K and p-AKT [30]. However, the relationship between 
PTEN/PI3K/AKT and miR-21-5p remains unknown.

Overall, our research focused on exploring the regula-
tory role and underlying mechanism of circDDX17 in HCC 
progression. We firstly indicated that circDDX17 was down-
regulated in HCC tissues and cells, and overexpression of 
circDDX17 promoted cell apoptosis, and enhanced sorafenib 

sensitivity and reduced EMT process. Furthermore, we iden-
tified that circDDX17 competitively bound to miR-21-5p 
and suppressed its activity, thereby targeting, a tumor sup-
pressor gene. This interaction ultimately regulated the acti-
vation of the PI3K/AKT pathway. Further investigations 
suggested that overexpression of miR-21-5p, suppression 
of PTEN and activation of PI3K/AKT pathway by 740Y-P 
counteracted the anti-cancer effects induced by overexpres-
sion of circDDX17. These data hinted that circDDX17, 
miR-21-5p and the PTEN/PI3K/AKT pathway may hold 
significant potential for the development of effective treat-
ment strategies for HCC.

Materials and Methods

Patient Sample

Tumor and adjacent normal tissues were collected from 
HCC patients from May 2021 to December 2022. Patients 
who underwent initial hepatectomy and were pathologically 
diagnosed with HCC were included in the study; however, 
patients with hepatocellular carcinoma who had received 
any treatment or experienced recurrence or other systemic 
diseases and subjects who refused to give informed consent 
were not included in the study. This study was approved 
by the Ethics Committee of The First Affiliated Hospital of 
Harbin Medical University, and was conducted in accord-
ance with the Declaration of Helsinki. All patients provided 
informed written consent for the use of their tissues in our 
study.

Cell Culture and Vectors Transfection

Human HCCLM3, Huh7 cells and Transformed Human 
Liver Epithelial-2 (THEL-2) cells were cultured in Dulbec-
co’s Modified Eagle Medium (DMEM) (Gibco BRL, Grand 
Island, NY, USA) supplemented with 10% fetal bovine 
serum (FBS) with 5% CO2. oe-circDDX17, kd-PTEN, miR-
21-5p mimic and their controls were transfected into HCC 
cells using Lipofectamine 2000 transfection reagent (Invit-
rogen, Madison, CA, USA) according to the manufacturer's 
instructions.

Reverse Transcription‑Quantitative Polymerase 
Chain Reaction (RT‑qPCR)

RNA was extracted from tissues and cells using the TRI-
zol reagent (Invitrogen), and reverse transcription was 
performed using the First-Strand cDNA Synthesis Kit 
(Fermentas, Lithuania). RT-qPCR was performed using 
SYBR Premix Ex Taq II (TaKaRa) with 7500 Real-Time 
PCR System (Applied Biosystems, Foster City, CA, USA). 
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The relative expression of target genes was calculated by 
the 2−ΔΔCt method and normalized by GAPDH or U6. For 
RNase R treatment, total RNA (2 μg) was incubated with 
or without 3 U/μg of RNase R (Epicentre Technologies, 
Madison, WI, USA) for 20 min at 37 °C. After treatment 
with RNase R, RT-qPCR was performed to determine the 
expression levels of DDX17 and circDDX17 mRNA. Primer 
sequences are shown in Table 1.

Western Blot

The total protein from HCCLM3 and Huh7 cells was iso-
lated and quantified. Protein samples were then separated 
on SDS-PAGE gel and transferred to a nitrocellulose mem-
brane with primary antibodies against PTEN, p-PI3K, PI3K, 
p-AKT (Ser473) and AKT (Cell Signaling Technology, Bos-
ton, MA, USA) at 4 ℃ overnight, then followed by adding 
the corresponding secondary antibody. The protein bands 
were visualized with ECL kit (Promoter, Wuhan, China) 
and quantified by Image J software (Image J Software, Inc., 
USA).

Dual Luciferase Reporter Assay

The sequence of circDDX17 containing miR-21-5p targeting 
sites was constructed into pmirGLO vectors to form WT-
cricDDX17 and MUT-circDDX17 vectors. These vectors, 
along with control mimic or miR-21-5p mimic, were co-
transfected into HCCLM3 and Huh7 cells. The luciferase 
activity was measured by a luciferase assay kit (Promega, 
Madison, WI).

RNA Immunoprecipitation (RIP)

The RIP assay was performed using the immunoprecipi-
tation kit (Millipore, Bedford, MA, USA). To analyze 
the interaction of circDDX17 and miR-21-5p, HCCLM3 
and Huh7 cells were lysed and incubated with magnetic 

heads containing anti-Ago2 or anti-IgG. Finally, RNA was 
extracted and analyzed by RT-qPCR.

Xenografted Tumor Model

Male BALB/c nude mice (6–8 weeks) were obtained from 
SLAC Laboratory Animal Co., Ltd. (Shanghai, China). 
Briefly, mice were randomly assigned to four groups: Con-
trol, sorafenib (SF), oe-circDDX17 and SF + oe-circDDX17. 
Treated HCCLM3 cells (5 × 106) from the above four groups 
were subcutaneously injected into mice. The tumor volume 
was measured every week. Finally, the mice were sacrificed 
and tumors were collected and weighted. All animal experi-
ments were performed in accordance with ARRIVE guide-
lines, and were approved by the Ethics Committee of the 
First Affiliated Hospital of Harbin Medical University.

Cell Counting Kit‑8 (CCK‑8)

HCC cells were seeded into 96-well plates and then treated 
with different doses of sorafenib for 48 h. Then, the cells 
were cultured with 10 μL of CCK-8 solution for 2 h. Then, 
the absorbance was measured at 450 nm suing a Multi-Mode 
Reader (BioTek, Burlington, VT, USA). The half inhibition 
concentration (IC50) was assessed by the cell viability curve.

Flow Cytometry

Cell apoptosis was determined by using the Annexin V 
Apoptosis Detection Kit (Trevigen, Gaithersburg, MD, 
USA). HCCLM3 and Huh7 cells were washed and collected. 
Annexin V-fluorescein isothiocyanate (FITC) and propidium 
iodide (PI) (10 μL) were added to of the cell and incubated 
for 20 min in the dark at room temperature. Samples were 
analyzed by using a FACScan flow cytometer (Becton Dick-
inson, San Jose, CA, USA). The extent of cells in each group 
was circled by forward (FSC) and sideways (SSC), respec-
tively. Since our sample was single cells, we chose the cross 

Table 1   Sequences of primers 
for RT-qPCR

Name Forward (5′–3′) Reverse (5′–3′)

CircDDX17 ATT​TCC​GTT​GGC​TCT​TAG​TG CCT​CTT​GCT​CCA​AAT​GAT​TG
DDX17 GGT​AAG​GGT​GGT​CGT​TCT​CG ACG​ATC​CCG​ATA​GCT​TGC​AG
miR-371a-5p ACT​CAA​ACT​GTG​GGG​GCA​CT
miR-346 TTT​ACT​GTC​TGC​CCG​CAT​GC GTC​GTA​TCC​AGT​GCA​GGG​TC
miR-21-5p TGC​GCT​AGC​TTA​TCA​GAC​TGA​ CCA​GTG​CAG​GGT​CCG​AGG​TATT​
miR-191-5p CGG​AAT​CCC​AAA​AGCAG​
Bcl-2 GTG​AAC​TGG​GGG​AGG​ATT​GT GGA​GAA​ATC​AAA​CAG​AGG​CC
Bax GGA​TGC​GTC​CAC​CAA​GAA​ ACT​CCC​GCC​ACA​AAG​ATG​
E-cadherin TTA​CTG​CCC​CCA​GAG​GAT​GA CAA​CGT​CGT​TAC​GAG​TCA​CTTCA​
N-cadherin GAA​GAA​GGT​GGA​GGA​GAA​GAA​GAC​ CGG​ATT​CCC​ACA​GGC​TTG​A
Vimentin TGT​CCA​AAT​CGA​TGT​GGA​TGT​TTC​ TTG​TAC​CAT​TCT​TCT​GCC​TCCTG​
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gate for circling; single-positive cells labeled with Annexin 
V were early apoptotic cells; double-positive cells labeled 
with both Annexin V and PI were late apoptotic cells; single-
positive cells labeled with PI were necrotic cells; double-
negative cells not labeled by either were living cells.

Statistical Analysis

Statistical analysis in our study was assessed by GraphPad 
Prism 8 software (GraphPad, San Diego, CA, USA), and all 
data were presented as the mean ± standard deviation (SD). 
Unpaired two-tailed Student’s t test was used to compare the 
difference between two groups, and the one-way ANOVA 
analysis was conducted to compare multiple groups. P < 0.05 
was considered as statistically significant.

Results

CircDDX17 Expression Was Decreased in HCC Tissues 
and Cells

Firstly, we collected the HCC tissues and adjacent nor-
mal tissues, and we measured the expression levels of 
circDDX17 in 34 pairs of HCC tissues by RT-qPCR. As 
shown in Fig. 1A, circDDX17 was significantly reduced in 
HCC tissues compared with the adjacent normal tissues. 
Then, we detected the expression levels of circDDX17 in 
Transformed Human Liver Epithelial-2 (THEL-2) cells 
and human HCC cell lines (HCCLM3 and Huh7 cells), and 
we found that HCCLM3 and Huh7 cells show low expres-
sion compared to THEL-2 cells (Fig. 1B). Furthermore, in 
sorafenib-treated cells, the expression of circDDX17 was 
decreased in HCCLM3 and Huh7 cells compared with the 
THEL-2 cells (Fig. 1C). Besides, 35 HCC patient samples 

were divided into circDDX17 high expression and low 
expression groups based on mean values. The relationship 
between circDDX17 and the clinicopathological charac-
teristics of HCC was explored, revealing a positive asso-
ciation between circDDX17 expression and HBV infection 
(Table 2). In addition, linear RNA expression was signifi-
cantly reduced by RNase R treatment, while circDDX17 
expression remained relatively stable, demonstrating that 
the circDDX17 that we used was a circular RNA (Fig. 1D). 
The above results indicated that circDDX17 was repressed 
in HCC.

Fig. 1   CircDDX17 expression was decreased in HCC tissues and 
cells. A The expression of CircDDX17 in HCC tissues and adja-
cent normal tissues was detected by RT-qPCR. B The expression of 
CircDDX17 was measured by RT-qPCR in THEL-2 and HCC cells 
(HCCLM3 and Huh7). C The expression of CircDDX17 was meas-

ured in sorafenib (SF)-treated THEL-2, HCCLM3 and Huh7 cells by 
RT-qPCR. D The expression of linear and circular RNA with or with-
out RNase R treatment. Data are expressed as the mean ± SD. Statisti-
cal analyses used Student’s t-test (A, D) and one-way ANOVA analy-
sis (B, C). **P < 0.01; ***P < 0.001

Table 2   Clinicopathological characteristics of HCC patients

Factors Low circDDX17 
expression

High circDDX17 
expression

p value

Age (years)
 < 50 10 13 0.717
 ≥ 50 6 5

Gender
 Male 15 15 0.604
 Female 1 3

HBV infection
 Yes 8 16 0.023
 No 8 2

Cirrhosis
 Yes 5 10 0.185
 No 11 8

Fibrosis
 Yes 10 15 0.250
 No 6 3

Comorbidity
 Yes 12 16 0.387
 No 4 2
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Overexpression of circDDX17 Elevated Sorafenib 
Sensitivity, Apoptosis and Hampered EMT in HCC 
Cells

To investigated the impact of circDDX17 on HCC pro-
gression, we constructed and transfected circDDX17 

overexpressing vector (oe-circDDX17) into HCCLM3 
and Huh7 cells. First of all, RT-qPCR analysis illustrated 
a remarkably elevation of circDDX17 levels was observed 
in HCCLM3 and Huh7 cells after transfection of oe-
circDDX17 vector compared with oe-NC vector (Fig. 2A). 
Then CCK-8 assay showed that IC50 of sorafenib was 

Fig. 2   Overexpression of circDDX17 elevated sorafenib sensitiv-
ity, apoptosis and hampered EMT in HCC cells. A The expression 
of circDDX17 after transfection of overexpressing circDDX17 vec-
tors in HCCLM3 and Huh7 cells. B IC50 of sorafenib was evaluated 
by CCK-8 assay after treatment with sorafenib. C, D Percentage of 
apoptotic cells was detected by flow cytometry in HCCLM3 and 
Huh7 cells treated with or without sorafenib after overexpression of 

circDDX17. E, F The apoptosis-related genes (Bcl-2 and Bax) was 
detected by RT-qPCR assay in HCCLM3 and Huh7 cells. G–I EMT-
related markers (E-cadherin, N-cadherin and Vimentin) were meas-
ured by RT-qPCR analysis in HCCLM3 and Huh7 cells. Data are 
expressed as the mean ± SD. Statistical analyses used Student’s t-test 
(A–I). *P < 0.05; **P < 0.01; ***P < 0.001
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visibly reduced in HCCLM3 and Huh7 cells overexpress-
ing circDDX17 compared to the oe-NC group (Fig. 2B). 
Cell apoptosis analysis suggested that overexpression of 
circDDX17 caused increased apoptosis levels of HCCLM3 
and Huh7 cells under both control and sorafenib treatment 
conditions (Fig. 2C, D). Meanwhile, the expression of the 
anti-apoptotic gene Bcl-2 decreased while the expression 
of the pro-apoptotic gene Bax increased in both HCCLM3 
and Huh7 cells after transfection with the oe-cricDDX17 
vector, whether in the control or sorafenib-treated group 
(Fig. 2E, F). Furthermore, in HCCLM3 and Huh7 cells 
treated with either control or sorafenib, upregulation of 
circDDX17 induced the expression of E-cadherin and 
inhibited the expression of N-cadherin and Vimentin, sug-
gesting overexpression of circDDX17 suppressed the EMT 
process (Fig. 2G–I). Taken together, circDDX17 induced 
sorafenib sensitivity and blocked HCC cell growth in vitro.

Upregulation of circDDX17 Blocked Tumor Growth 
and Increased Sorafenib Sensitivity In Vivo

To further evaluate the role of circDDX17 in tumor growth 
and sorafenib sensitivity in vivo, the xenograft model was 
established. The results indicated that sorafenib injec-
tion and circDDX17 overexpression hampered tumor 
size, while the upregulation of circDDX17 combined 
with sorafenib inhibited tumor growth more effectively 
(Fig. 3A). Coherently, sorafenib and circDDX17 over-
expression reduced the tumor volume and tumor weight, 
and the combination of the two exacerbated this inhibitory 
effect (Fig. 3B, C). These data disclosed that upregulation 
of circDDX17 enhanced sorafenib sensitivity and inhibited 
the growth of HCC xenografts.

miR‑21‑5p Was the Downstream Target of circDDX17

According to a report, circRNAs have the ability to act 
as sponges for miRNAs [31]. Through the use of bioin-
formatics databases, we identified potential miRNAs that 
could directly bind to circDDX17. We utilized CircBank, 
miRanda, and StarBase to predict miRNAs that target 
CircDDX17. As shown in Fig. 4A, we screened six possible 
candidate miRNAs, among the six miRNAs, miR-371a-5p, 
miR-346, miR-21-5p and miR-191-5p were highly expressed 
in HCC according to previous reports (Fig. 4A). Next, the 
expression levels of miR-371a-5p, miR-346, miR-21-5p and 
miR-191-5p in HCC cells were measured by RT-qPCR, and 
we found that these miRNAs were all increased in HCC cells 
compared to THLE-2 cells (Fig. 4B). Among them, miR-
21-5p exhibited a higher expression level and was selected 
for subsequent studies. The binding site between circDDX17 
and miR-21-5p was shown in Fig.  4C. The dual lucif-
erase reporter assay showed that the luciferase activity of 
circDDX17-WT was visibly reduced and circDDX17-MUT 
was not changed after treatment with miR-21-5p mimic in 
both HCCLM3 and Huh7 cells (Fig. 4D). Simultaneously, 
RIP assays revealed that Ago2 could accumulate circDDX17 
and miR-21-5p (Fig. 4E). Additionally, RT-qPCR analy-
sis highlighted that overexpression of circDDX17 notably 
depleted the mRNA expression of miR-21-5p in HCCLM3 
and Huh7 cells (Fig. 4F). These data illustrated that miR-
21-5p could bind to circDDX17.

CircDDX17 Regulated Chemosensitivity 
and Tumorigenesis of HCC by Sponging miR‑21‑5p

We have confirmed that circDDX17 can bind and negatively 
regulate miR-21-5p. Subsequently, we examined whether 
miR-21-5p impacts the regulatory role of circDDX17 in 

Fig. 3   Upregulation of circDDX17 blocked tumor growth and 
increased sorafenib sensitivity in  vivo. A Tumors formed in subcu-
taneous xenograft tumors from Control, oe-DDX17, SF and SF + oe-
DDX17 group. B Tumor volume in four groups was measured every 

week after inoculation. C Tumor weight was examined after mice 
were sacrificed. Data are expressed as the mean ± SD. Statistical anal-
yses used one-way ANOVA analysis (B, C). *P < 0.05; **P < 0.01; 
***P < 0.001
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HCC. We upregulated both circDDX17 and miR-21-5p, 
and functional experiments was performed. The CCK-8 
assay indicated that overexpression of circDDX17 greatly 
hampered IC50 of sorafenib in HCCLM3 and Huh7 cells, 
whereas miR-21-5p mimic diminished oe-circDDX17-
induced inhibitory effects (Fig. 5A). Moreover, flow cytom-
etry analysis suggested that the facilitation of apoptosis by 
upregulating circDDX17 could be ameliorated by miR-21-5p 
mimic in control or sorafenib-treated HCC cells (Fig. 5B, 
C). Consistent with the results above, in both control and 
sorafenib-treated HCCLM3 and Huh7 cells, the depletion 
of Bcl-2 and the upregulation of Bax induced by overex-
pressing circDDX17 was abolished by miR-21-5p mimic 
(Fig.  5D, E). Furthermore, RT-qPCR analysis showed 
that the upregulation of E-cadherin and the suppression of 
N-cadherin and Vimentin was observed in normal control or 
sorafenib-treated HCCLM3 and Huh7 cells overexpressing 

circDDX17 compared to their oe-NC counterparts, while 
this effect can be restored by overexpressing miR-21-5p, 
suggesting that miR-21-5p alleviated the inhibition of EMT 
caused by the upregulation of circDDX17 (Fig. 5F–H). 
Based on these data, we demonstrated that overexpression of 
miR-21-5p counteracted the inhibitory effect of circDDX17 
on chemoresistance and tumorigenesis.

miR‑21‑5p Suppressed PTEN Activity and Enhanced 
the PI3K/AKT Signaling Pathway

To investigate the effect of miR-21-5p on PTEN/PI3K/AKT 
pathway, Western blot analysis was used to assessed the 
protein expression levels in HCCLM3 and Huh7 cells. The 
results revealed a decrease in PTEN levels and an increase 
in the expression of phosphorylated PI3K and AKT, sug-
gesting that PTEN expression was inhibited and PI3K/

Fig. 4   miR-21-5p was the downstream target of circDDX17. A The 
online tools CircBank, miRanda and StarBase were used to predict 
miRNAs that might target circDDX17. B The expressions of miR-
371a-5p, miR-346, miR-21-5p, and miR-191-5p were examined 
in pancreatic cancer and noncancerous tissues by RT-qPCR. C The 
binding sites between circDDX17 and miR-21-5p were predicted by 
bioinformatics websites. D The relationship between circDDX17 and 

miR-21-5p confirmed by dual luciferase reporter assay. E CircDDX17 
and miR-21-5p co-immunoprecipitated with Ago2 revealed by RIP 
assay. F The level of miR-21-5p was measured in HCCLM3 and 
Huh7 cells after transfection with oe-circDDX17 and oe-NC. Data are 
expressed as the mean ± SD. Statistical analyses used Student’s t-test 
(D–F) and one-way ANOVA analysis (B). **P < 0.01; ***P < 0.001
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AKT signal was activated after miR-21-5p mimic treatment 
inhibited PTEN expression and activated the PI3K/AKT 
signal, as compared to the NC mimic group (Fig. 6A–C). 

Additionally, we detected PTEN expression in both control 
and sorafenib treated HCC cells, we found that the levels of 
PTEN were greatly decreased in sorafenib-treated HCCLM3 

Fig. 5   CircDDX17 regulated chemosensitivity and tumorigenesis of 
HCC by sponging miR-21-5p. A IC50 of sorafenib was evaluated by 
CCK-8 assay in HCCLM3 and Huh7 cells after transfection with con-
trol, oe-DDX17, oe-DDX17 + miR-NC, and oe-DDX17 + miR-mimic. 
B, C Percentage of apoptotic cells was detected by flow cytometry 
in HCCLM3 and Huh7 cells treated with or without sorafenib after 
transfection with control, oe-DDX17, oe-DDX17 + miR-NC, and oe-

DDX17 + miR-mimic. D, E The expression of Bcl-2 and Bax was 
detected by RT-qPCR assay in HCCLM3 and Huh7 cells. F–H The 
expression of E-cadherin, N-cadherin and Vimentin was detected by 
RT-qPCR analysis in HCCLM3 and Huh7 cells. Data are expressed 
as the mean ± SD. Statistical analyses used one-way ANOVA analysis 
(A–H). *P < 0.05; **P < 0.01; ***P < 0.001
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and Huh7 cells compared with the sorafenib-untreated HCC 
cells (Fig. 6C). The above findings uncovered that miR-
21-5p negatively regulated PTEN and activated PI3K/AKT 
pathway.

CircDDX17 Regulated HCC Progression 
by Regulating PTEN/PI3K/AKT Pathway

Finally, we tested whether circDDX7 regulated HCC pro-
gression through the PTEN/PI3K/AKT pathway. We over-
expressed circDDX17 and either knocked down of PTEN 
or activated the PI3K/AKT pathway by PI3K activator 
740Y-P in control or sorafenib-treated HCCLM3 and Huh7 
cells. The CCK-8 assay showed that the overexpression 
of circDDX17 effectively counteracted the inhibition of 
sorafenib's IC50, while this effect was reversed by PTEN 
knockdown or 740Y-P treatment (Fig. 7A). In addition, in 
control or sorafenib-treated HCC cells, cell apoptosis was 
measured by flow cytometry analysis, and we found that 
circDDX17-induced apoptotic cell death could be alleviated 
by either kd-PTEN or 740Y-P (Fig. 7B, C). Likewise, in 
both control and sorafenib-treated HCCLM3 and Huh7 cells 
overexpressing circDDX17, Bcl-2 was repressed and Bax 
was upregulated, but this pro-apoptotic effect of upregula-
tion of circDDX17 was abrogated by inhibition of PTEN or 

740Y-P co-treatment (Fig. 7D, E). Furthermore, the overex-
pression of circDDX17 in control or sorafenib-treated cells 
exhibited an anti-EMT effect, as shown in Fig. 7F–H. How-
ever, this effect was reversed by silencing PTEN or activat-
ing the PI3K/AKT pathway using 740Y-P. In conclusion, 
overexpressing circDDX17 facilitated sorafenib sensitivity, 
apoptosis and hampered EMT, while inhibition of PTEN or 
activation of the PI3K/AKT pathway offset the suppression 
of tumorigenesis by circDDX17.

Discussion

HCC is one of the leading causes of cancer-related death 
in human worldwide [32]. However, current surgical treat-
ments and combination therapies have limited effective-
ness. Therefore, it is crucial to delve into the molecular 
mechanisms underlying HCC pathogenesis and identify 
potential target genes for therapeutic purposes. In recent 
years, there are numerous studies focusing on the role 
of circRNAs in cancers. Notably, circDDX17 has been 
reported to be a tumor suppressor in colorectal cancer 
[12], and circDDX17 reduces cell proliferation, inva-
sion and EMT process in prostate cancer cells [13]. 
However, there are no studies about circDDX17 on HCC 

Fig. 6   miR-21-5p suppressed PTEN activity and enhanced the PI3K/
AKT signaling pathway. A, B The levels of PTEN, p-PI3K, PI3K, 
p-AKT, AKT were measured by Western blot analysis in NC mimic 
and miR-21-5p mimic treated HCCLM3 and Huh7 cells. C, D The 

protein expression of PTEN in HCC cells treated with or without 
sorafenib. Data are expressed as the mean ± SD. Statistical analyses 
used Student’s t-test (A–D). **P < 0.01; ***P < 0.001
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initiation and progression. In this report, we revealed that 
cricDDX17 was downregulated in HCC, and overexpres-
sion of circDDX17 induced apoptosis and inhibited EMT 
and sorafenib resistance of HCC. Taken together, we high-
lighted that the tumor suppressor function of circDDX17 
in HCC progression.

The number of studies has confirmed that miRNAs can 
be involved in regulating cancer progression as diagnos-
tic biomarkers and therapeutic targets [33]. In our study, 
we focused on miR-21-5p, which has been proved to 
be a potential binding miRNA for circDDX17 by dual-
luciferase reporter assay and RIP assay. Furthermore, 

Fig. 7   CircDDX17 regulated HCC progression by regulating PTEN/
PI3K/AKT pathway. A IC50 of sorafenib was evaluated by CCK-8 
assay in control or sorafenib-treated HCCLM3 and Huh7 cells after 
transfection with control, oe-DDX17, oe-DDX17 + kd-PTEN, and oe-
DDX17 + 740Y-P. B, C Percentage of apoptotic cells was detected by 
flow cytometry in control or sorafenib-treated HCCLM3 and Huh7 
cells after transfection with control, oe-DDX17, oe-DDX17 + kd-

PTEN, and oe-DDX17 + 740Y-P. D, E The expression of Bcl-2 and 
Bax was detected by RT-qPCR assay in HCCLM3 and Huh7 cells. 
F–H The expression of E-cadherin, N-cadherin and Vimentin was 
detected by RT-qPCR analysis in HCCLM3 and Huh7 cell. Data 
are expressed as the mean ± SD. Statistical analyses used one-way 
ANOVA analysis (A–H). *P < 0.05; **P < 0.01; ***P < 0.001
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miR-21-5p has been identified as an oncogene in multi-
ple human cancers. For instance, inhibition of miR-21-5p 
blocks tumorigenesis of lung cancer cells [18]. And colo-
rectal cancer-secreted exosomes miR-21-5p induces angio-
genesis and vascular permeability [34]. Additionally, HCC 
cells-derived exosomes miR-21 promotes cell prolifera-
tion, migration and reduces cell apoptosis [35]. Besides, 
circRNAs function as sponges for miRNAs, inhibiting 
their activity [36]. For example, circ_0008259 competi-
tively binds to miR-21-5p, resulting in the upregulation 
of PDCD4 expression in osteosarcoma cells [37]. Simi-
larly, circ_SAR1A impedes cell proliferation, migration, 
invasion and EMT and enhances cell apoptosis of lung 
cancer cells via sponging miR-21-5p. Here, we confirmed 
that circDDX17 sponged miR-21-5p to inhibit miR-21-5p 
expression, and upregulation of miR-21-5p ameliorated 
the malignant phenotype of HCC induced by overexpres-
sion of circDDX17. Based on the above studies, we dem-
onstrated the effect of circDDX17 and miR-21-5p on HCC.

PTEN is commonly recognized as a tumor suppressor in 
various types of cancer [38]. Inhibition of PTEN exacer-
bates tumorigenesis by activating the PI3K/AKT signaling 
pathway [39]. For example, OTUD1 stabilizes PTEN to 
increase tyrosine kinase inhibitors sensitive in renal caner 
[40]. In addition, PTEN can be targeted by multiple differ-
ent miRNAs. For instance, miR-425-5p inhibits PTEN and 
activates the PI3K/AKT pathway to augment lung cancer 
development [41]. In our data, we found that miR-21-5p 
repressed PTEN expression and activated the PI3K/AKT 
pathway, and inhibition of PTEN and activation of PI3K/
AKT by 740Y-P can abolished the tumor-suppressing 
effects of circDDX17 overexpression. Our results shed 
light on the regulatory role of circDDX17 on miR-21-5p 
and PTEN/PI3K/AKT.

In conclusion, we found that circDDX17 expression 
in HCC was remarkably decreased and its upregulation 
hampered HCC tumorigenesis. Mechanically, we demon-
strated the regulatory role of circDDX17 in HCC apop-
tosis, sorafenib resistance and EMT by modulation of the 
miR-21-5p/PTEN/PI3K/AKT axis. Collectively, targeting 
circDDX17/miR-21-5p/PTEN/PI3K/AKT may be a poten-
tial therapeutic intervention for HCC patients, which may 
serve as potential biomarkers and targets for HCC prognosis 
and therapy. Nevertheless, further investigation is required 
to determine the efficacy of targeting the circDDX17/miR-
21-5p/PTEN/PI3K/AKT axis as a strategy for managing 
HCC and chemotherapy resistance in clinical settings.
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