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Summary. Background. Circular RNAs (circRNAs)
play vital regulatory roles in human cancers, including
hepatocellular carcinoma (HCC). In this study, we aimed
to explore the functions of hsa circ_0048674 in HCC
development.

Methods. Quantitative real-time polymerase chain
reaction (qRT-PCR) assay was used to detect
hsa circ_0048674, ubiquitin-like with PHD and RING
finger domains 1 (UHRF1), microRNA-223-3p (miR-
223-3p) and programmed death ligand 1 (PDL1). RNase
R assay and Actinomycin D assay were employed to
analyze the stability of hsa_circ_0048674. Cell Counting
Kit-8 (CCK-8) assay, colony formation assay and 5-
ethynyl-2'- deoxyuridine (EdU) assay were conducted to
assess cell proliferation. Flow cytometry analysis,
transwell assay and tube formation assay were carried
out for cell apoptosis, migration, invasion and
angiogenesis, respectively. Western blot assay was
adopted for protein levels. Dual-luciferase reporter assay
and RNA immunoprecipitation (RIP) assay were used to
analyze the relationship between miR-223-3p and
hsa circ 0048674 or PDLI1. Murine xenograft model
assay was conducted for the function of
hsa_circ_0048674 in vivo. Immunohistochemistry (IHC)
assay was used to detect Ki-67 level in tumor tissues.
Enzyme linked immunosorbent assay (ELISA) kits were
employed for the concentrations of inflammatory
factors.

Results. Hsa circ 0048674 was highly expressed in
HCC tissues and cells. Silencing of hsa circ 0048674

Corresponding Author: Tiansheng Guo, Department of Oncology, Panyu
Hospital of Chinese Medicine, No. 65 Qiagiao East Road, Panyu
District, Guangzhou City, Guangdong Province, 511400, PR China. e-
mail: pyguots@163.com

DOI: 10.14670/HH-18-440

repressed cell growth, migration, invasion and
angiogenesis and promoted apoptosis in HCC cells in
vitro and hampered tumor growth in vivo.
Hsa circ_0048674 served as an miR-223-3p sponge to
alter PDL1 expression. MiR-223-3p inhibition or PDL1
overexpression restored the impacts of hsa circ_
0048674 silencing on HCC malignant behaviors. In
addition, hsa_circ_0048674 knockdown promoted
natural killer (NK) cell-mediated cytotoxicity to HCC
cells.

Conclusion. Hsa circ_0048674 knockdown
decelerated HCC progression through the mediation of
the miR-223-3p/PDL1 axis.

Key words: HCC, hsa circ_0048674, miR-223-3p,
PDL1

Introduction

Hepatocellular carcinoma (HCC) is a highly
refractory and globally prevalent cancer (Yang and
Roberts, 2010; Hemming et al., 2016). The usual
treatment options for HCC include chemotherapy,
radiation therapy, liver transplantation and surgical
resection, but metastasis and recurrence are still a
challenge for HCC therapy (Oliveri et al., 2012;
Intaraprasong et al., 2016). Despite new breakthroughs
in diagnosis and therapy, the prognosis for advanced
HCC remains poor (Dimitroulis et al., 2017; Siegel et
al., 2019). Therefore, finding new therapeutic targets is
crucial for improving the prognosis of HCC patients.

Circular RNAs (circRNAs) are a series of RNA
transcripts produced by anti-splicing (Memczak et al.,
2013; Chen, 2016). CircRNAs play important roles in
multiple biological functions of different cancers (Zhang
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et al., 2018). Some circRNAs can function as
competitive endogenous RNAs (ceRNAs) and influence
the expression of genes linked to tumor genesis and
development by interacting with microRNAs (miRNAs)
(Qu et al., 2015). In HCC, circ_102166 was able to
impede HCC growth and invasion by sponging miR-
182/miR-184 (Li et al., 2021). Circ_HIPK3 aggravated
the tumorigenesis of HCC via miR-582-3p-dependent
regulation of DLX2 (Zhang et al., 2020a). Circ_0046599
promoted proliferation, metastasis and glycolysis by
mediating miR-1258/RPN2 (Zhang et al., 2020a).
Hsa circ_0048674 (circRNA ubiquitin-like with PHD
and RING finger domains 1, circUHRF1) was elevated
in HCC (Zhang et al., 2020b). UHRF1 has been
demonstrated to be a HCC-promoting gene in HCC and
contributed to tumor cell progression (Liu et al., 2017;
Ko et al., 2019). Even so, the functions of
hsa circ 0048674 in HCC remain largely unclear.

MiRNAs are short non-coding RNAs, playing
crucial roles in the malignancy of cancers, including
HCC (Li et al., 2020). Former studies have revealed the
dual-roles of miR-223-3p in cancers. For instance, miR-
223-3p acted as a tumor accelerator in gastric cancer
(Ren et al., 2020), renal cell carcinoma (Zhang et al.,
2020c) and lung cancer (Qin et al., 2020) and as an
inhibitor in breast cancer (Zhao et al., 2021), papillary
thyroid carcinoma (Liu et al., 2021) and colorectal
cancer (Ma et al., 2020). In HCC, miR-223-3p blocked
HCC cell growth and triggered apoptosis by NLRP3
(Wan et al., 2018). Moreover, circular RNA Interactome
analysis showed that miR-223-3p shared
hsa circ_0048674 binding sites. However, the relation
between hsa circ_0048674 and miR-223-3p in HCC
development is undefined.

In this work, the dysregulated expression of
hsa circ_0048674 was observed in HCC. Thus, we
clarified the possible roles and related mechanisms of
hsa circ 0048674 in HCC development.

Materials and methods
Tissue acquisition and natural killer (NK) cells isolation

A total of 63 tumor tissues and adjacent non-tumor
tissues were obtained from HCC patients at First
Affiliated Hospital of Guangzhou University of
Traditional Chinese Medicine. The proportion of NK
cells was detected using flow cytometry. According to
NK cell proportion in the blood, HCC patients were
divided into 2 groups: <8% group (n=37) and >8%
group (n=26).

The peripheral blood mononuclear cells (PBMCs)
were acquired from 10 healthy donators through density
gradient centrifugation. NK cells were obtained from
PNMCs with the usage of human NK cell isolation kit
(Shanghai Li Rui Biological Technology Co., Ltd.,
Shanghai, China).

Our research received approval from the Ethics
Committee of First Affiliated Hospital of Guangzhou

University of Traditional Chinese Medicine. The
participants offered written informed consent. The
clinicopathological characteristics of HCC patients are
shown in Table 1.

Cell culture

THLE-2 cells were acquired from the American
Type Culture Collection (ATCC, Manassas, VA, USA).
HUVECSs, Huh7 and HCCLM3 cells were acquired from
Procell (Wuhan, China). All these cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM; Procell)
mixed with 10% fetal bovine serum (FBS; Procell) and
1% Penicillin-Streptomycin (Procell) in a humid
incubator including 5% CO, at 37°C.

The isolated NK cells were maintained in
RPMI1640 (Procell) added with 10% FBS (Procell), 2
mM L-glutamine (Sigma-Aldrich, St. Louis, MO, USA)
and 100 U/mL IL-2 (Sigma-Aldrich) at an atmosphere of
5% CO, and 37°C.

Quantitative real-time polymerase chain reaction (QRT-
PCR) assay

TRIzol (Invitrogen, Carlsbad, CA, USA) was
applied to isolate RNA from tissues and cells. The
generation of cDNAs was done through inverse

Table 1. Correlation between Clinical feature and hsa_circ_0048674
expression level in hepatocellular carcinoma patients.

Clinical feature hsa_circ_0048674

n High Low P -Value
Age 31 32 0.2588
=60 30 17 13
<60 33 14 19
Gender 0.3002
Man 45 24 21
Woman 18 7 11
Tumor size 0.0320*
=5cm 32 20 12
<5cm 31 11 20
Hepatitis 0.0825
Negative 40 23 17
Positive 23 8 15
TNM stage 0.0154*
+1V 35 22 13
1+11 28 9 19
Lymph node metastasis 0.0107*
NO 41 25 16
N1 22 6 16
Distant metastasis 0.1448
MO 39 22 17
M1 24 9 15
Histological grade 0.5026
Well/ Moderate 38 20 18
Poor 25 11 14
*P<0.05
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transcription by using Primer Script™ RT reagent
(Takara, Dalian, China) or TagMan MicroRNA Reverse
Transcription reagent (Applied Biosystems, Foster City,
CA, USA). QRT-PCR was conducted using SYBR
Premix Ex Taq II (Takara). The data were computed by
the 2-AACt way with 18S rRNA and U6 snRNA used for
normalization. The primers utilized in this research
were: hsa circ_0048674: (F: 5’-GGCCAGAGTGAGT
CAGACAA-3’ and R: 5’-AGGAGCTGGATGGTG
TCATT-3"); UHRF1: (F: 5>-GCCATACCCTCTTC
GACTACG-3’ and R: 5’-GCCCCAATTCCGTCTC
ATCC-3’); miR-223-3p: (F: 5°-TGTCAGTTTGTCAA
ATACCCCA-3’ and R: 5’-GCAGGGTCCGAGG
TATTCG-3’); programmed death ligand 1 (PDL1): (F:
5’-GCTGCACTAATTGTCTATTGGGA-3" and R: 5°-
AATTCGCTTGTAGTCGGCACC-3"); 18S rRNA: (F:
5’-GTGGTGTTGAGGAAAGCAGACA-3’ and R: 5°-
TGATCACACGTTCCACCTCATC-3"); U6: (F: 5’-
GCTCGCTTCGGCAGCACATA-3 and R: 5°-
ACGCTTCACGAATTTGCGT-3").

Subcellular fraction assay

Cytoplasmic and Nuclear RNA Purification Kit
(Norgen Biotek, Thorold, Canada) was employed to
segregate the nuclei and cytoplasm of Huh7 and
HCCLM3 cells. QRT-PCR was conducted for
hsa_circ_0048674 level with 18S rRNA or U6 acted as
cytoplasmic transcript and nuclear transcript controls.

RNase R assay

The RNA in HCC cells was subjected to RNase R
(Epicentre, Madison, WI, USA) for 15 min at 37°C.
Next, the expression of hsa circ 0048674 and UHRF1
was quantified with qRT-PCR.

Actinomycin D assay

To block transcription, Huh7 and HCCLM3 cells
were exposed to actinomycin D (Sigma-Aldrich) for
indicated times. The levels of hsa circ 0048674 and
UHRF1 mRNA were then examined.

Cell transfection

To silence hsa circ_0048674 expression,
hsa circ_0048674 small interference RNA (si-
hsa_circ_0048674) and hsa_circ_0048674 short hairpin
RNA (sh-hsa_circ_0048674) were constructed, and si-
NC and sh-NC were used as corresponding controls.
Hsa circ_0048674 overexpression vector was
established to elevate hsa circ_ 0048674 expression with
circ-NC as a control. MiR-223-3p mimics (miR-223-3p)
and miR-223-3p inhibitors (anti-miR-223-3p) were
synthesized to increase or decrease miR-223-3p level
with NC and anti-NC as controls. Si-PDL1 and PDLI
overexpression vector (PDL1) were used to reduce or
elevate PDL1 expression with scramble and vector as

controls. All the synthesis was finished by GenePharma
(Shanghai, China) and transfected into cells utilizing
Lipofectamine 2000 (Invitrogen).

Cell proliferation assay

HCC cell proliferation was evaluated by Cell
Counting Kit-8 (CCK-8), Colony formation and 5-
ethynyl-2’- deoxyuridine (EdU) assays.

For CCK-8 experiments, Huh7 and HCCLM3 cells
in 96-well plates were incubated with CCK-8 (Sigma-
Aldrich) for 2 h at indicated time points. The absorption
(450 nm) was examined with a microplate reader (Bio-
Rad, Hercules, CA, USA).

For colony formation examination, Huh7 and
HCCLM3 cells with various transfections were added
into 6-well plates and grown for 12 days. Next, the
colonies were stained with crystal violet (Sigma-
Aldrich), photographed and quantified.

For EdU assay, EdU incorporation assay (RiboBio,
Guangzhou, China) was adopted. Briefly, the transfected
Huh7 and HCCLM3 cells in 24-well plates were mixed
with EdU for 2h. The cells were then immobilized using
4% paraformaldehyde (Sigma-Aldrich) and incubated
with 0.3% Triton X-100. Subsequently, the cells were
maintained with Aollo fluorescent staining solution and
dyed with Hoechst 33342. The images were obtained
with a fluorescence microscope (Olympus, Tokyo,
Japan). The positive cell rate was computed.

Flow cytometry analysis

The transfected Huh7 and HCCLM3 cells suspended
in binding buffer were dyed with Annexin V-fluorescein
isothiocyanate (FITC; Vazyme, Nanjing, China) and
propidium iodide (PI; Vazyme) in dark conditions.
FACScan® flow cytometry (BD Biosciences, San Jose,
CA, USA) was used to estimate cell apoptotic rate.

Transwell assay

The transwell chambers (BD Biosciences) pre-
covered with (invasion) or without (migration) Matrigel
(BD Biosciences) were used in this experiment. In short,
the transfected Huh7 and HCCLM3 cells were pipetted
into the upper chamber and the complete culture medium
was added into the bottom chamber. Following
cultivation for 24 h, the cells which passed through the
membranes were stained with crystal violet (Sigma-
Aldrich) and estimated at 100xmagnification under a
microscope (Olympus).

Tube formation assay

After the transfected Huh7 and HCCLM3 cells were
cultured in DMEM (Procell) mixed with 10% FBS
(Procell) for 6 h, the culture media were replaced with
DMEM (Procell) mixed with 1% FBS (Procell) and
cultured for a further 8 h. Then, the culture solution was
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centrifuged to obtain the supernatant. 50 pL Matrigel
(BD Biosciences) was added to the 24-well plates with
incubation for 1 h at 37°C. Next, HUVECs were added
into the top layer of Matrigel (BD Biosciences) and
maintained with the supernatant for 12 h. The formation
of blood vessel-like structures was observed and imaged
with a microscope (Olympus).

Western blot assay

The protein was obtained with RIPA buffer (Sigma-
Aldrich). 30 pg protein was resolved by sodium dodecyl
sulfonate-polyacrylamide gel electrophoresis and blotted
to polyvinylidene difluoride membranes (Millipore,
Billerica, MA, USA). Then the membranes were mixed
with 5% non-fat milk, maintained with primary
antibodies against proliferating cell nuclear antigen
(PCNA; bs-2006R; Bioss, Beijing, China), B-cell
lymphoma-2 (Bcl-2, bs-33411R; Bioss), total-caspase
3(t-caspase 3; bs-0081R; Bioss), Cleaved-caspase 3 (C-
caspase 3; bsm-33199M; Bioss), matrix metallo-
peptidase 2 (MMP2; bs-0412R; Bioss), MMP9 (bs-
22502R; Bioss), PDL1 (bs-21778R; Bioss) or GAPDH
(bs-2188R; Bioss) and probed with secondary antibody
(bs-0295M-HRP; Bioss). The bands were visualized
using the ECL kit (Vazyme).

Dual-luciferase reporter assay

Hsa circ_0048674 or PDL1 3’UTR harboring the
wild-type (wt) or mutant (mut) miR-223-3p binding
sequences were introduced into pmirGLO vector
(Promega, Fitchburg, WI, USA), generating
hsa_circ_0048674-wt, hsa_circ_0048674-mut, PDL1-wt
or PDL1 mut. Then, HCC cells were transfected with the
vectors and miR-223-3p/NC. Dual-Luciferase Reporter
Assay Kit (Promega) was used to examine the luciferase
intensity.

RNA immunoprecipitation (RIP) assay

Huh7 and HCCLM3 cells were lysed utilizing RIP
buffer which harbored Anti-IgG or Anti-Ago2-
conjugated magnetic beads. After digestion with
protease K (Solarbio, Beijing, China), the enrichment of
hsa circ_0048674, miR-223-3p and PDL1 was
examined.

Murine xenograft model

Beijing Vital River Laboratory Animal Technology
Co., Ltd. (Beijing, China) offered the BALB/c nude
mice. The mice were allocated into 2 groups
(N=7/group). Huh7 cells transfected with
hsa circ_0048674 shRNA lentiviral vectors (lenti-sh-
hsa_circ_0048674) or lenti-sh-NC were introduced into
the mice. Tumor volume was estimated every 5 days for
30 days via the formula: LengthxWidth?/2. After 30
days, the mice were euthanized and tumor weight was

examined. The experiment was permitted by the Ethics
Committee of Animal Research of First Affiliated
Hospital of Guangzhou University of Traditional
Chinese Medicine.

Immunohistochemistry (IHC) assay

The xenograft tumor tissues were embedded in
paraffin (Sigma-Aldrich) and sectioned. Then the
sections were dewaxed, rehydrated and kept with anti-ki-
67 (bs-2130R; Bioss), MMP2 (bs-4605R; Bioss) or
MMP9 (bs-4593R; Bioss) at 4°C. On the second day, the
sections were stained with a secondary streptavidin-
HRP-conjugated antibody (Solarbio) and then treated
with hematoxylin (Sigma-Aldrich).

Enzyme linked immunosorbent assay (ELISA)

The concentrations of interferon y (IFN-y) and tumor
necrosis factor-o (TNF-a) were examined using related
ELISA Kits (ab174443; ab181421; Abcam, Cambridge,
MA, USA) according to the manufacturers’ instructions.

Statistical analysis

GraphPad Prism 7 (GraphPad Inc., La Jolla, CA,
USA) was adopted for data analysis. Each experiment
was repeated three times. One-way analysis of variance
and Student’s t-test were employed for difference
analysis. Spearman’s correlation coefficient was adopted
to analyze the relationship among the levels of
hsa_circ_0048674, miR-223-3p and PDL1 mRNA in
HCC tissues. P<0.05 was considered significant.

Results

Hsa_circ_0048674 was highly expressed in HCC tissues
and cells

As exhibited in Fig. 1A, hsa circ_0048674
(circUHRF1) was derived from the exon 3 of gene
UHRFI1 and the mature length was 255 nt. To explore
the roles of hsa circ_0048674 in HCC development, the
expression level of hsa circ_0048674 in HCC tissues
and normal tissues was detected. It was found that
hsa circ_0048674 level was increased more than two
folds in HCC tissues in comparison with normal tissues
(Fig. 1B). Moreover, hsa_circ_0048674 level was related
to tumor size, TNM stages and lymph node metastasis
(Table 1). Then, we demonstrated that hsa_circ_0048674
was upregulated in Huh7 and HCCLM3 cells compared
to THLE-2 cells (Fig. 1C). Moreover, subcellular
fraction assay showed that hsa circ_0048674 was
mainly enriched in the cytoplasm of Huh7 and HCCLM3
cells (Fig. 1D). RNase R assay indicated that
has_circ_0048674 could not be digested by RNase R,
while UHRF1 was digested by RNase R (Fig. 1E). In
addition, hsa_circ_0048674 possessed a longer half-life
than linear UHRF1 (Fig. 1F). All these findings
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indicated that hsa _circ_0048674 was stable and the
aberrant expression of hsa circ_0048674 might be
associated with HCC development.

Hsa_circ_0048674 knockdown suppressed cell
proliferation, migration, invasion and angiogenesis and
promoted apoptosis in HCC cells

To explore the exact roles of hsa_circ_0048674 in
HCC cell malignant behaviors, HCC cells with
hsa circ_0048674 knockdown were constructed by
transfecting si-hsa circ_0048674 into HCC cells.
QRT-PCR assay presented that the expression of
hsa circ_0048674 was reduced in Huh7 and HCCLM3
cells transfected with si-hsa circ_0048674 compared
to si-NC groups (Fig. 2A). As illustrated by CCK-8
assay, hsa_circ_0048674 knockdown suppressed the
viability of Huh7 and HCCLM3 cells compared to si-
NC control groups (Fig. 2B). The results of colony
formation assay showed that hsa circ 0048674
silencing restrained the colony formation ability of
Huh7 and HCCLM3 cells relative to control groups
(Fig. 2C). EdU assay indicated that Huh7 and
HCCLM3 cells with hsa circ_0048674 silencing
showed a marked suppression in cell proliferation
(Fig. 2D). Flow cytometry analysis presented that
hsa circ 0048674 interference induced the apoptosis
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of Huh7 and HCCLM3 cells in comparison with
control groups (Fig. 2E). Transwell assay showed that
hsa circ 0048674 knockdown inhibited the capacities
of Huh7 and HCCLM3 cells to migrate and invade
relative to control groups (Fig. 2F,G). Tube formation
assay presented that the angiogenic ability of the
HUVECs was inhibited by hsa_circ_0048674 silencing
(Fig. 2H). Besides, the levels of proliferation-related
protein (PCNA), apoptosis-related proteins (Bcl-2 and
C-caspase 3/t-caspase 3) and metastasis-related
proteins (MMP2 and MMP9) in si-hsa_circ_ 0048674
transfected HCC cells were measured via western blot
assay. The results exhibited that hsa circ_0048674
knockdown reduced the levels of PCNA, Bcl-2,
MMP2 and MMP9 and elevated the level of C-caspase
3/t-caspase 3 in Huh7 and HCCLM3 cells (Fig. 2I).
Taken together, hsa circ_0048674 knockdown
repressed the malignancy of HCC cells.

Hsa_circ_0048674 directly bound to miR-223-3p

Through analyzing circular RNA Interactome
(https://circinteractome.nia.nih.gov/api/v2/mirnasearch?
circular rna_query=hsa circ_0048674&mirna_query=hs
a-miR-223&submit=miRNA+Target+Search),
hsa _circ_0048674 was found to contain miR-223-3p
binding sites (Fig. 3A). As illustrated by dual-luciferase
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Fig. 1. Hsa_circ_0048674 was elevated in HCC tissues and cell lines. A.
Hsa_circ_0048674 originated from gene UHRF1. B, C. The expression of
hsa_circ_0048674 in HCC tissues, cells and corresponding normal tissues

and cells was detected by qRT-PCR assay. D. The expression level of hsa_circ_0048674 in the cytoplasm and nuclei of Huh7 and HCCLMS cells was
analyzed. E. The levels of hsa_circ_0048674 and UHRF1 in Huh7 and HCCLMS3 cells exposed to RNase R were determined by qRT-PCR assay. F.
The half-life of hsa_circ_0048674 and UHRF1 was analyzed by actinomycin D assay. *P<0.05. The experiments were repeated three times.
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Fig. 2. Effects of hsa_circ_0048674 on HCC cell growth, apoptosis, migration, invasion and angiogenesis. A. The expression of hsa_circ_0048674 in
Huh7 and HCCLM3 cells transfected with si-NC or si-hsa_circ_0048674 was detected by qRT-PCR assay. B-D. The proliferation ability of transfected
Huh7 and HCCLMS3 cells was assessed by CCK-8 assay, colony formation assay and EdU assay. E. The apoptosis of transfected Huh7 and HCCLM3
cells was analyzed by flow cytometry analysis. F, G. The migration and invasion of transfected Huh7 and HCCLMS3 cells were evaluated by transwell
assay. H. The angiogenesis capacity of transfected Huh7 and HCCLM3 cells was analyzed by tube formation assay. I. The protein levels of PCNA, Bcl-
2, C-caspase 3/t-caspase 3, MMP2 and MMP9 in transfected Huh7 and HCCLMS3 cells were measured by western blot assay. *P<0.05. The
experiments were repeated three times.
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reporter assay, the luciferase activity of
hsa_circ_0048674-wt in Huh7 and HCCLM3 cells was
reduced by miR-223-3p transfection, whereas the
luciferase activity of hsa circ_0048674-mut was not
affected (Fig. 3B). RIP assay showed that
hsa circ_0048674 and miR-223-3p were markedly
enriched in Anti-Ago2 immunoprecipitates compared to
Anti-IgG groups (Fig. 3C). The transfection of
hsa circ_ 0048674 overexpression resulted in a
remarkable increase in hsa circ_0048674 expression in
both Huh7 and HCCLM3 cells (Fig. 3D). Moreover,
hsa circ_ 0048674 overexpression reduced miR-223-3p
expression, while hsa circ_0048674 knockdown
enhanced miR-223-3p expression in Huh7 and
HCCLMS3 cells (Fig. 3E). Indeed, in HCC tissues, miR-
223-3p expression was decreased and inversely
correlated with hsa circ_0048674 expression (Fig.
3F,G). Besides, our results showed that miR-223-3p was
lowly expressed in Huh7 and HCCLM3 cells compared
to THLE-2 cells (Fig. 3H). Collectively, miR-223-3p
was sponged by hsa_circ_0048674.

Hsa_circ_0048674 positively regulated PDL1 expression
by decoying miR-223-3p

Subsequently, PDL1 was predicted to be a target
gene of miR-223-3p through analyzing bioinformatics
prediction software miRcode (http://www.mircode.org/
?gene=CD274&mirfam=&class=&cons=&trregion=)
(Fig. 4A). To verify the prediction, we then performed
dual-luciferase reporter assay and RIP assay. Dual-
luciferase reporter assay showed that miR-223-3p
overexpression inhibited the luciferase activity of PDL1-
wt, but did not affect the luciferase activity of PDL1-mut
in Huh7 and HCCLM3 cells (Fig. 4B). RIP assay
showed that miR-223-3p and PDLI1 levels were elevated
in Anti-Ago2 immunoprecipitates compared to Anti-IgG
RIP groups, which further demonstrated the interaction
between miR-223-3p and PDL1 (Fig. 4C). As presented
in Fig. 4D, anti-miR-223-3p distinctly reduced miR-223-
3p expression in Huh7 and HCCLM3 cells. Furthermore,
we observed that hsa circ 0048674 silencing
downregulated PDL1 protein level in Huh7 and
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Fig. 3. Hsa_circ_0048674 directly targeted miR-223-3p. A. The binding sites between hsa_circ_0048674 and miR-223-3p. B, C. Dual-luciferase
reporter assay and RIP assay adopted to analyze the relationship between hsa_circ_0048674 and miR-223-3p. D. The expression of
hsa_circ_0048674 in circ-NC or hsa_circ_0048674 transfected Huh7 and HCCLM3 cells was detected by qRT-PCR assay. E. The expression of miR-
223-3p in Huh7 and HCCLMS cells transfected with circ-NC, hsa_circ_0048674, si-NC or si-hsa_circ_0048674 was detected using qRT-PCR assay. F.
The expression of miR-223-3p in HCC tissues and normal tissues was examined by qRT-PCR assay. G. The linear correlation between the levels of
hsa_circ_0048674 and miR-223-3p in HCC tissues was estimated. H. The expression of miR-223-3p in THLE-2, Huh7 and HCCLMS3 cells was detected
by gRT-PCR assay. *P<0.05. The experiments were repeated three times.
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HCCLM3 cells, while miR-223-3p inhibition abated the and negatively correlated with miR-223-3p level in HCC
impact (Fig. 4E). As expected, compared to normal tissues (Fig. 4H,I). In addition, the protein level of PDL1
tissues, PDL1 mRNA and protein levels in HCC tissues was increased in Huh7 and HCCLM3 cells compared to
were enhanced (Fig. 4F,G). Of note, PDL1 mRNA level THLE-2 cells (Fig. 4J). These findings suggested that
was positively correlated with hsa circ_0048674 level hsa circ 0048674 sponged miR-223-3p to alter PDL1
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Fig. 4. PDL1 was the target gene of miR-223-3p. A. PDL1 contained the binding sites of miR-223-3p. B, C. The combination between miR-223-3p and
PDL1 was estimated by dual-luciferase reporter assay and RIP assay. D. The expression of miR-223-3p in anti-NC or anti-miR-223-3p transfected
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expression in HCC tissues. progression, si-PDL1 was transfected into Huh7 and
HCCLM3 cells to knock down PDL1 expression. The

PDL1 knockdown suppressed the malignant behaviors of transfection efficiency was examined by western blot
HCC cells assay, which showed that si-PDL1 transfection reduced
PDL1 protein level in Huh7 and HCCLM3 cells (Fig.

To investigate the roles of PDL1 in HCC 5A). The results of CCK-8 assay, colony formation assay
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Fig. 5. Impacts of PDL1 silencing on HCC cell malignant phenotypes. Si-PDL1 or scramble was transfected into Huh7 and HCCLMS3 cells. A. The
protein level of PDL1 in Huh7 and HCCLM3 cells was measured via western blot assay. B-D. The proliferation of Huh7 and HCCLMS3 cells was
assessed by CCK-8 assay, colony formation assay and EdU assay. E. The apoptosis of Huh7 and HCCLMS3 cells was analyzed by flow cytometry
analysis. F, G. The migration and invasion of Huh7 and HCCLM3 cells were tested by transwell assay. H. The tube formation ability of HUVECs was
analyzed via tube formation assay. I. The protein levels of PCNA, Bcl-2, C-caspase 3/t-caspase 3, MMP2 and MMP9 in Huh7 and HCCLMS3 cells were
measured via western blot assay. *P<0.05. The experiments were repeated three times.
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and EdU assay indicated that PDL1 silencing apparently
restrained the capacity of Huh7 and HCCLM3 cells to
proliferate compared to scramble control groups (Fig.
5B-D). PDLI1 deficiency promoted Huh7 and HCCLM3
cell apoptosis relative to scramble control groups (Fig.
5E). Transwell assay indicated that PDL1 knockdown
repressed the migration and invasion of Huh7 and
HCCLM3 cells relative to control groups (Fig. S5F,G).
Moreover, tube formation assay exhibited that PDL1
silencing inhibited the tube formation ability of
HUVECs in comparison with control groups (Fig. SH).
In addition, PDL1 interference decreased the levels of
PCNA, Bcl-2, MMP2 and MMP9 and increased C-
caspase 3/t-caspase 3 in Huh7 and HCCLM3 cells (Fig.
51). These outcomes suggested that PDL1 knockdown
suppressed HCC cell progression.

PDL1 overexpression reversed the effects of
hsa_circ_0048674 knockdown on cell proliferation,
apoptosis, migration, invasion and angiogenesis

As shown in Fig. 6A, PDL1 protein level was
increased in Huh7 and HCCLM3 cells after PDLI1
overexpression vector transfection. To elucidate the
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hsa_circ_0048674 silencing reduced PDL1 protein level
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overexpression reversed the effect (Fig. 6B). The
suppressive role of hsa circ_ 0048674 in the proliferation
of Huh7 and HCCLM3 cells was ameliorated by
elevating PDL1 expression (Fig. 6C-E). Flow cytometry
analysis indicated the promotional effect of
hsa_circ 0048674 silencing on Huh7 and HCCLM3 cell
apoptosis was abolished by PDL1 overexpression (Fig.
6F). Transwell assay exhibited that hsa circ_0048674
knockdown repressed the migration and invasion of
Huh7 and HCCLM3 cells, whereas PDL1 upregulation
overturned the impacts (Fig. 6G,H). As demonstrated by
tube formation assay, PDL1 overexpression promoted
the hsa_circ_0048674 knockdown-mediated
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MMP9 in Huh7 and HCCLM3 cells (Fig. 6J). To
summarize, hsa_circ_0048674 knockdown restrained the
malignant behaviors of HCC cells by upregulating PDL1
expression.

Hsa_circ_0048674 knockdown suppressed tumor growth
in vivo

To explore the functional role of hsa circ 0048674
in tumor formation in vivo, the murine xenograft model
was established. Our results showed that the mice with
hsa_circ_0048674 knockdown possessed reduced tumor
volume and tumor weight compared to control groups
(Fig. 7A,B). Moreover, we found that hsa circ_0048674
and PDL1 protein level were decreased and miR-223-3p
level was increased in the xenograft tumors in Lenti-sh-
has_circ_0048674 groups compared to Lenti-sh-NC
control groups (Fig. 7C,D). IHC assay showed that ki-
67, MMP2 and MMPO levels were reduced in the
xenograft tumors with has circ_0048674 silencing
compared to control groups (Fig. 7E). The results
indicated that hsa circ_ 0048674 knockdown hampered
tumor growth in vivo.

Hsa_circ_0048674 knockdown promoted the functions of
NK cells

According to NK cell proportion in the blood, HCC
patients were divided into 2 groups: < 8% group (n=37)
and > 8% group (n=26). QRT-PCR assay showed that
hsa_circ_0048674 level was reduced in NK cell
proportion > 8% group compared to < 8% group (Fig.
8A). Next, to explore whether hsa circ_ 0048674 could
regulate NK cells, NK cells were cultured with Huh?7
cells or HCCLM3 cells for 24 h. Compared to culture
without Huh7 or HCCLM3 cell groups, NK cells
cultured with Huh7 or HCCLM3 cells showed a
reduction in IFN-y and TNF-a concentrations when
subsequently cultured with K562 cells (Fig. 8B).
Moreover, the level of hsa circ_ 0048674 was increased
in NK cells cultured with Huh7 or HCCLM3 cells
compared to NK cells cultured alone (Fig. 8C). To
further explore whether the effects of HCC cells on NK
cells were mediated by hsa_circ_0048674, Huh7 and
HCCLM3 cells were transfected with si-
hsa circ_0048674 to knock down hsa circ_0048674
expression. Of note, we found that hsa circ_0048674
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knockdown recovered HCC cell-induced impairment of
IFN-y and TNF-a concentrations in NK cells (Fig. 8D).
Taken together, hsa circ_0048674 inhibited the
functions of NK cells.

Discussion

In recent years, circRNAs have been noted to play
essential regulatory functions in the occurrence of
cancers, including HCC (Lin and Chen, 2018).
Nonetheless, the roles of most circRNAs in HCC remain
undefined. In this project, the aberrant elevation of
hsa circ_0048674 promoted the development of HCC.
Moreover, a hsa _circ_0048674/miR-223-3p/PDL1
network was discovered in HCC.

In HCC, the functional regulation of circRNAs has
been gradually validated. For example, circ_0001178
(Gao et al., 2020), circPVTI (Zhu et al., 2019),
hsa_circ_0061395 (Yu et al., 2021) were able to decrease
tumor cell proliferation and motility and trigger apoptosis
in HCC. Moreover, hsa circ_0002185 (circUHRF1)
aggravated the carcinogenesis of oral squamous cell
carcinoma (Zhao et al., 2020) and hsa_circ_0048677
(circUHRF1) induced NK cell exhaustion in HCC
(Zhang et al., 2020b). Hsa circ_0048674 also originates
from UHRF]1, but its functions in HCC are still unclear.
In this study, hsa circ_0048674 was detected to be
upregulated in HCC tissues and cell lines.
Hsa circ_0048674 silencing restrained HCC cell
proliferation, migration and invasion in vitro,
concomitant with downregulation of PCNA, Bcl-2,
MMP2 and MMP9 and upregulation of C-caspase 3/t-
caspase 3. It is documented that the angiogenesis of solid
tumors is a predominant event associated with tumor
growth and metastasis (Hernandez-Romero et al., 2019).
Moreover, circRNAs are involved in the progression of
cancers by regulating angiogenesis (Hernandez-Romero
et al., 2019). For instance, circASH2L facilitated the
tumorigenesis and angiogenesis of ovarian cancer by
impacting miR-665/VEGFA (Chen et al., 2020).
Circ_001587/miR-223/SLC4A4 repressed the
angiogenesis and metastasis of pancreatic cancer (Zhang
et al., 2020d). Herein, the impact of hsa_circ_0048674 on
angiogenesis in HCC was explored. It was found that
hsa circ_0048674 downregulation inhibited the
angiogenesis ability of HCC. Additionally, murine
xenograft tumor formation was blocked after
hsa_circ_ 0048674 silencing. All these findings indicated
the oncogenic properties of hsa_circ_0048674 in HCC.

Subsequently, we discovered that miR-223-3p was
sponged by hsa circ_0048674. Zhang et al. suggested
that miR-223-3p repressed HCC malignancy by
regulating IGF-1R (Zhang and Zhang, 2018). Wan et al.
claimed that miR-223-3p overexpression induced HCC
cell apoptosis and restrained proliferation by binding to
NLRP3 (Wan et al., 2018). Here, miR-223-3p was lowly
expressed in HCC. Moreover, hsa circ_0048674
knockdown promoted miR-223-3p level in HCC cells.
However, we did not investigate the precise roles of

miR-223-3p in HCC.

PDLI is an immune-associated protein and plays a
vital role in inhibiting tumor immunity and promoting
tumor progression after combining with PD-1 (Topalian
et al., 2012). PDL1 can induce the apoptosis of activated
tumor-reactive T cells, leading to local immune
suppression of T cells, thereby facilitating tumor growth
and metastasis (Dong et al., 2002). In addition, PDLI1
played a vital role in a variety of tumors cells
independently from effects on immune cells (Passariello
et al., 2019). For example, PDL1 elevation is linked to
tumor aggressiveness and recurrence in HCC via
resulting tumor cell progression (Gao et al., 2009;
Mocan et al., 2019). PDLI can be targeted by miR-34a
(Huang et al., 2017), miR-200a (Wei et al., 2019) and
miR-320a (Costa et al., 2020) to participate in cancer
progression. Herein, PDL1 was identified to be targeted
by hsa circ 0048674 for the first time. Furthermore, we
demonstrated that PDL1 interference curbed cell growth,
motility and angiogenesis and enhanced apoptosis in
HCC cells. PDL1 overexpression restored the impacts of
hsa circ 0048674 deficiency on HCC cell malignant
biological phenotypes.

NK cells are immune modulation cells for tumor
immunity and NK cell immunodeficiency is correlated
with the occurrence of malignant tumors (Taketomi et
al., 1998; Shimasaki et al., 2020). Currently, several
circRNAs have been found to affect the susceptibility of
HCC cells to NK cells. For example, hsa circ_0007456
overexpression enhanced the cytotoxicity of NK cells to
HCC via miR-6852-3p/ICAM-1 (Shi et al., 2021). NK
cells showed enhanced cytotoxicity against HCC cells
by circARSPI1 elevation (Ma et al., 2019). Moreover,
exosomal circUHRF1 was able to induce NK cell
exhaustion depending on miR-449¢-5p/TIM-3 (Zhang et
al., 2020b). In this work, we found that
hsa circ_0048674 silencing promoted NK cell functions
in HCC cells, but whether hsa_circ_0048674 could
influence NK cell cytotoxicity was still unclear.

Taken together, the hsa circ_0048674/miR-223-
3p/PDL1 axis had an oncogenic effect on HCC through
promoting tumor cell growth, migration, invasion and
angiogenesis and inhibiting apoptosis. Our findings
might afford a novel method for HCC treatment.
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