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MafF is a member of the basic leucine zipper (bZIP) transcription factor Maf family and is commonly
downregulated in multiple cancers. But the expression and function of MafF in hepatocellular carcinoma
(HCC) remain unclear. In this study, we investigated the relationship between endogenous MafF expression
and HCC progression and explored the regulatory mechanism of MafF expression in HCC. We found that MafF
decreased in HCC tissues and cells. Lentivirus-mediated MafF overexpression inhibited HCC cell proliferation
and induced cell apoptosis. Bioinformatics analysis and luciferase assay identified MafF as a direct target of
miR-224-5p. RNA pull-down assay demonstrated that circular RNA circ-ITCH could sponge miR-224-5p spe-
cifically in HCC. The rescue experiments further elucidated that the expression and antitumor effects of MafF
could be regulated via the circ-ITCH/miR-224-5p axis. This study verified that MafF acted as a tumor suppres-
sor in HCC and revealed the upstream regulation mechanism of MafF, which provided a new perspective for

potential therapeutic targets of HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most
common cancer in the world and the second cause of
cancer-related mortality!'2. Clinically, HCC is character-
ized by strong invasiveness, limited therapeutic oppor-
tunities, and adverse prognosis. The 3-year survival rate
of HCC is 12.7%, and a median survival is 9 months'?.
Only 30%—-40% of HCC patients are diagnosed at an
early stage and have opportunities for potentially curative
treatments>*. Considering the complexity of early evalu-
ation and treatment of HCC, further understanding of the
regulation mechanisms and upstream signal moleculars
underlying HCC progression is of importance for early
diagnosis and treatment.

MafF is a member of the basic leucine zipper (bZIP)
transcription factor Maf (muscoloaponeurotic fibrosar-
coma oncogene) family. Similar to the other two small

Maf proteins (MafG and MafK), MafF lacks an obvi-
ous transactivation domain but can homodimerize with
small Mafs or heterodimerize with other bZIP proteins,
such as the Cap‘n’Collar (CNC) family members p45
NFE2, Nrfl, and Nrf2*¢. Through the homodimers or
heterodimers that function as transcriptional repressors
or activators, MafF plays important roles in the control
of gene expression and participates in a variety of physio-
logical and pathological processes such as hematopoiesis,
cellular stress response, and cancer development™.

In previous studies, MafF has been associated with
liver development and diseases. The triple knockout mice
of small Mafs (MafF/G/K) showed fetal liver hypoplasia
and embryonic lethality'®. MafF expression increased rap-
idly during liver regeneration after partial hepatectomy in
rats''. MafF was also significantly increased in murine
liver during development of diet-induced obesity!.
Comprehensive analysis comprising 1,975 published
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microarrays using the Genomica software package found
that the expression of MafF in multiple human tumors
was decreased, including HCC'. Antioxidant response
element (ARE) activators pyrrolidinedithiocarbamate
(PDTC) and phenylethyl isothiocyanate (PEITC) could
induce MafF expression in HCC cells'. A recent study
reported that MafF could affect invasion of HCC via
regulating the expression of tumor suppressor TFPI2 in
retinoid-treated HCC cells'®. These researches indicated
that MafF was closely related to liver development,
metabolism, and HCC.

Small noncoding RNAs, including microRNAs
(miRNAs) and circular RNAs (circRNAs), can regulate the
expression of target genes posttranscriptionally. miRNAs
are endogenous small noncoding RNAs, which can
induce translational repression and mRNA decay through
binding to recognition sequences in the 3’-untranslated
region (3’-UTR) of target mRNAs!'*". CircRNAsS, a novel
class of endogenous noncoding RNAs, are characterized
as covalently closed loop structures with neither a 5" cap
nor a 3’ polyadenylated tail'®. The critical functions of
circRNAs include miRNA sponges, protein-coding poten-
tial, and transcription regulation!*®. Growing evidence
had shown that the dysregulation of circRNAs contrib-
uted to tumorigenesis and progression including HCC?.
For example, circTRIM33-12 could upregulate the ten
eleven translocation 1 (TET1) expression and suppress
HCC progression by sponging miR-191%.

Up to now, the influence of MafF expression on HCC
remains unclear. More importantly, to the best of our
knowledge, whether noncoding RNAs can regulate MafF
expression is completely unexplored. In the current study,
we investigated the relationship between MafF expression
and HCC progression and explored the noncoding RNA-
dependent regulatory mechanism of MafF expression in
HCC cells. Our study revealed that MafF acted as a tumor
suppressor in HCC, and its expression could be regulated
by the circ-ITCH/miR-224-5p axis. This work gives a bet-
ter understanding of MafF in HCC, which may be helpful
for the diagnosis and treatment of HCC in the future.

MATERIALS AND METHODS
Patients and Tissue Samples

A total of 76 paired HCC tumor tissues and adjacent
hepatic tissues were collected from the Affiliated Hospital
of Guangdong Medical University (Zhanjiang, China)
between 2015 and 2017. The patients comprised 50 men
and 26 women with an average age of 56.2 years (range:
20-77). The patients had not received any radiotherapy
or chemotherapy before operation. All samples were con-
firmed by pathological diagnosis. The clinical stage of
patients was classified according to the pathology tumor—
node—metastasis (pP)TNM) system issued by the American
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Joint Committee on Cancer/Union for International
Cancer Control in 2010. Fresh tissues were snap frozen in
liquid nitrogen and stored at —80°C. All patients enrolled
in this study signed the informed consent documents.
The procedure of the present study was approved by the
Medical Ethic Committee of the hospital.

Immunohistochemistry

Immunohistochemical analyses for MafF protein were
performed using Polink-2 Plus Detection Kit (ZSGB-BIO,
Beijing, China) in 76 paired HCC and adjacent samples.
The paraffin-embedded tissue sections were deparaf-
finized with xylene and rehydrated with graded ethanol.
For antigen retrieval, sections were immersed in 10 mM
citrate buffer and microwaved for 5 min. Endogenous
peroxidase and nonspecific protein binding were blocked
by incubating with 3% H,O, and then with 10% goat
serum. Next, sections were incubated with the rabbit
anti-MafF primary antibody (dilution 1:50; ab110824;
Abcam, Cambridge, UK) at 4°C overnight, followed by
incubation with the polymer helper for 15 min and then
with horseradish peroxidase (HRP) polymer anti-rabbit
IgG for 15 min. Finally, signals were visualized with 3,3-
diaminobenzidine (DAB) substrate for 1 min and slightly
counterstained with hematoxylin. In each experiment, the
primary antibody was omitted as a negative control. The
sections were evaluated independently by two investiga-
tors evaluated independently according to our previous
report with slight modification?. The degree of immuno-
histochemical staining was assessed by multiplying the
staining intensity score (0: no, 1: light yellow, 2: yellow,
and 3: brown yellow) and the staining proportion score
0: < 25%, 1: 25%-50%, 2: 51%-75%, and 3: >75%).
The sections with a final score of >3 were defined as
positive; otherwise, they were defined as negative.

Cell Culture

Human normal hepatic cell line L-O2 and three human
HCC cell lines (SMMC7721, Huh7, and Hep3B) were
purchased from the Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China). L-O2 cells
were cultivated in RPMI-1640 (GIBCO, Grand Island,
NY, USA) medium supplemented with 20% fetal bovine
serum (FBS) (GIBCO). HCC cells were cultivated in
Dulbecco’s modified Eagle’s medium (DMEM; GIBCO)
containing 10% FBS. All cells were grown in a humidi-
fied incubator with 5% CO, at 37°C.

Lentivirus Infection and Cell Transfection

The 495-base pair (bp) fragment of MafF full-length
coding cDNA sequence was amplified from pCMV-Myc-
MafF plasmid stored in our lab and then cloned into the
lentivirus vector pLVX-mcherry-N1. The 873-bp fragment
of cDNA containing exon 6 to exon 12 of the ITCH gene
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was amplified from cDNA of 293T cells and then cloned
into lentivirus vector pLCDH-cir (RiboBio, Guangzhou,
China). The sequences of all constructs were confirmed
by DNA sequencing (BGI-Tech, Shenzhen, China).
Lentiviral packing and infection of SMMC7721 and
Hep3B cells were performed by FITGENE (Guangzhou,
China). The cells stably overexpressing MafF or circ-
ITCH were established by 1.0% puromycin selection
for 1 week and maintained in 0.5% puromycin. Empty
vectors were used as negative controls.

miR-224-5p mimics, miR-760 mimics, and mimics
control (miR-NC) were purchased from RiboBio. A total of
2 x 10°cells were plated in six-well plates. After 12 h, cells
were transfected with miRNA mimics or miR-NC using
Lipofectamine 3000 (Thermo Fisher Scientific, Waltham,
MA, USA) according to the manufacturer’s instructions.

Cell Counting Kit-8 (CCKS8) Assay

The MafF or circ-ITCH stably overexpressing or
control cells were seeded in 96-well plates at a density
of 5,000 cells per well. Circ-ITCH overexpressing and
control cells (circ-vector) were transfected with miRNA
mimics or miR-NC after seeding for 12 h. At 24, 48, 72,
and 96 h after seeding, cell viability was measured by
CCK-8 (Beyotime, Shanghai, China) according to the
manufacturer’s instructions. Briefly, each well was added
with 10 ul of CCK-8 solutions, and the plate was incu-
bated at 37°C for 1 h in darkness. Absorbance at 450 nm
of each well was measured using a microplate reader
(Infinite M200 Pro; TECAN, Minnedorf, Switzerland).
Three independent experiments were performed with five
replicates in each experiment.

Colony Formation Assay

After digestion, cells were counted by an automated
cell counter (Scepter, Millipore, Billerica, MA, USA). A
total of 300 cells were seeded into six-well plates. Cell
transfection treatment was in line with the CCK-8 assay.
After 2 weeks of incubation, the cells were fixed with
methanol and stained with 0.1% crystal violet. Then the
number of cell colonies (>50 cells) was counted. Three
independent experiments were performed.

Table 1. List of Primers for qRT-PCR
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Cell Apoptosis Assay

Cells were seeded in six-well plates at a density of
1 x 10° cells per well. Twelve hours later, circ-ITCH-
overexpressing or circ-vector cells were transfected
with miRNA mimics or miR-NC. After seeding for 48
h, all cells were collected and stained with Annexin-
V—fluorescein isothiocyanate (FITC)/propidium iodide
(PI) apoptosis assay kit (Yeasen, Shanghai, China), and
then analyzed using a flow cytometry (Epics XL-MCL,;
Beckman Coulter, Brea, CA, USA). The experiments
were repeated three times.

Dual-Luciferase Assay

The dual-luciferase assay was conducted as previ-
ously reported®. Briefly, 40,000 cells of SMMC7721 or
Hep3B were cultivated in 24-well plates and incubated
for 12 h before transfection. The pGL3-MafF-3’-UTR-
wild type (WT) plasmid or pGL3-MafF-3’-UTR-mutant
(Mutl or Mut2) plasmid was constructed and then was
cotransfected with pRL-TK plasmid (Promega, Madison,
WI, USA) and miR-224-5p/miR-760 mimics or miR-NC
using Lipofectamine 3000 (Thermo Fisher Scientific).
After transfection for 48 h, the cells were harvested and
the firefly and Renilla luciferase activities were deter-
mined by dual-luciferase assay kit (Promega). Finally,
ratios of luminescence were calculated. Each assay was
repeated in three independent experiments.

RNA Extraction and Quantative Real-Time Polymerase
Chain Reaction (qRT-PCR)

Total RNA was isolated from tissues and cells using
TRIzol reagent (Invitrogen, Carlsbad, CA, USA), and
RNA purity was evaluated based on the A260/A280 ratio.
The cDNAs were synthesized using the PrimeScript
RT Reagent Kit (Takara, Dalian, China). qRT-PCR for
MafF mRNA, miRNA, and circRNA was performed
using SYBR Premix ExTaq II kit (Takara) through an
ABI7500 thermorecycler (Applied Biosystems, Foster
City, CA, USA). The primers were synthesized by BGI-
Tech (Shenzhen, China) and are listed in Table 1. The
expression of MafF mRNA or circ-ITCH was normalized
to B-actin, while expression of miRNAs was normalized

Name Forward Primer (5-3") Reverse Primer (5’-3")

MafF ATCCCCTATCCAGCAAAGCTC TTGAGCCGTGTCACCTCCTC
B-Actin TGACGTGGACATCCGCAAAG CTGGAAGGTGGACAGCGAGG
miR-224-5p ACACTCCAGCTGGGTCAAGTCACTAGTGGTTCC TGGTGTCGTGGAGTCG

miR-760 ACACTCCAGCTGGGCGGCTCTGGGTCTG TGGTGTCGTGGAGTCG

18[9) GCTTCGGCAGCACATATACTAAAT CGCTTCACGAATTTGCGTCTCAT
circ-ITCH AGCAATGCAGCAGTTT TGTAGCCCATCAAGACA
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to U6. Each sample was replicated three times, and data
were calculated by the 2—AACt method.

RNA Pull-Down Assay

A biotinylated probe was specifically designed to
bind to the junction area of circ-ITCH. The circ-ITCH
probe (5-ACAACTACTTCTTCAACCCATCCAGGT
GGCAA-3’) and a control probe (5-TGTCTGCAATAT
CCAGGGTTTCCGATGGCACC-3") were synthesized
by BGI-Tech (Shenzhen, China). Probe-coated beads
were prepared by incubating biotinylated circ-ITCH
probe or control probe with streptavidin C1 magnetic
beads (Life Technologies, Carlsbad, CA, USA) at 25°C
for 4 h. About 1 x 107 cells were collected, lysed, and
sonicated, and then incubated with probe-coated beads
at 4°C overnight. The miRNAs were pulled down by
incubating the cell lysates with beads. The beads were
washed with washing buffer, and the RNA complexes
bound to the beads were eluted and extracted using
RNeasy Mini Kit (QIAGEN, Hilden, Germany) for
qRT-PCR analysis.

Antibodies and Western Blot

Cells were harvested and lysed with radioimmuno-
precipitation assay (RIPA) buffer (Beyotime). Protein
extractions were separated by 12% sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to polyvinylidene fluoride membranes.
After 5% nonfat milk blocking, the membranes were
incubated with primary antibody at 4°C overnight, fol-
lowed by incubation with secondary antibody at room
temperature for 1 h. After washing, signals were detected
using Enhanced ChemiLuminescence detection system
(Thermo Fisher Scientific ). B-Actin was used as internal
control. All antibodies were purchased from Abcam: rab-
bit anti-MafF primary antibody (cat. ab183859; dilution
1:1,000; 18 kDa), rabbit anti-B-actin primary antibody (cat.
ab227387; dilution 1:5,000; 42 kDa), and goat anti-rabbit
HRP-labelled IgG (cat. ab205718; dilution 1:10,000).

Statistical Analysis

Data were analyzed with SPSS 17.0 software. Unless
otherwise noted, data are presented as mean * standard
deviation (SD) of three independent experiments. The
chi-square test was used to analyze the relationship
between MafF protein expression and patients’ clinical
features. Differences between two groups were compared
using the Student’s r-test. Differences between three or
more groups were compared with the one-way analysis of
variance (ANOVA) test, and least significant difference
(LSD) method was used for comparison between groups.
The Pearson’s correlation analysis was conducted to ana-
lyze the correlations. A value of p < 0.05 was considered
statistically significant.
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RESULTS

MafF Expression Was Decreased in HCC Tissues
and Cells

To explore the role of MafF in HCC, we firstly detect
MafF protein expression in 76 paired HCC and paratumor
tissues by immunohistochemistry. As shown in Figure 1A,
MafF protein mainly distributed in the nucleus, and its
expression level in HCC tissues was lower than that
in paratumor tissues. Furthermore, MafF expression
decreased with the progression of HCC (Fig. 1B). Next,
we examined the expression of MafF protein in human
normal hepatic cells L-O2 and three human HCC cell
lines SMMC7721, Huh7, and Hep3B. Western blot results
showed that the expression of MafF protein was lower in
HCC cells than in L-O2 cells (Fig. 1C). Furthermore, we
analyzed the correlation between MafF protein level and
clinicopathological features of 76 HCC patients (Table 2).
We found that MafF protein level was negatively related
to HCC pT staging (p = 0.027) and pTNM staging (p =
0.002), while it had no significant correlationship with
other features such as age and tumor size.

MafF Overexpression Inhibited Proliferation
and Induced Apoptosis of HCC Cells

Considering that MafF was downregulated in HCC, we
further investigated its function by overexpressing MafF
in HCC cells. We firstly constructed MafF-overexpressing
SMMC7721 and Hep3B cell lines by lentivirus infection
followed by puromycin selection. qRT-PCR and Western
blot results demonstrated that MafF mRNA and protein
levels were significantly elevated in both cells (Fig. 2A
and B). CCK-8 assays revealed that MafF overexpression
inhibited cell proliferation (Fig. 2C and D). The colony
numbers of MafF-overexpressing cells were significantly
less than control cells (Fig. 2E and F). Flow cytometry
analysis was carried out to evaluate whether MafF affects
HCC cell apoptosis. We found that MafF overexpression
dramatically increased the apoptosis rate of SMMC7721
and Hep3B cells (Fig. 3). These data indicated that MafF
overexpression could inhibit proliferation and induce
apoptosis of HCC cells.

MafF Could Be Downregulated by miR-224-5p
in HCC Cells

miRNAs can influence mRNA stability or mRNA
translation, mainly by binging to 3’-UTR of specific
mRNA. We firstly used four miRNA target prediction
tools (miRanda, Targetscan, miRWalk, and starBase) to
investigate the possible miRNAs that have the potential
to bind with MafF mRNA. Two miRNAs, miR-224-5p
and miR-760, were found to be the overlap of four
databases and were chosen for further study (Fig. 4A
and B). After miRNA mimic transfection, the expression
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Figure 1. MafF protein expression in hepatocellular carcinoma (HCC) tissues and cell lines. (A) Representative immunohistochemi-
cal staining images in paratumor hepatic tissues and different stages of HCC tissues. (B) Comparison of MafF immunohistochemistry
(IHC) score between paratumor tissues and HCC tissues of different clinical stages. (C) Expression of MafF protein in L-O2 cell and
three HCC cell lines. *p < 0.05, **p < 0.01 versus paratumor tissues.

Table 2. Relationship Between MafF Protein Expression and Clinicopathological Features
of Hepatocellular Carcinoma (HCC) Patients (N = 76)

MafF Expression [n (%)]

Variables n Negative Positive xr p Value

Gender 2.155 0.142
Male 50 30 (60.0%) 20 (40.0%)
Female 26 11 (42.3%) 15 (57.7%)

Age 0.071 0.790
<55 years 36 20 (55.6%) 16 (44.4%)
=55 years 40 21 (52.5%) 19 (47.5%)

Size 1.033 0.310
<5cm 52 26 (50%) 26 (50%)
>5cm 24 15 (62.5%) 9 (37.5%)

pT stage 4.887 0.027*
pT1-2 51 23 (45.1%) 28 (54.9%)
pT3-4 25 18 (72.0%) 7 (28.0%)

PN stage 2.683 0.101
pNO 68 34 (50.0%) 34 (50.0%)
pN1 8 7 (87.5%) 1 (12.5%)

pM stage 2.800 0.094
pMO 71 36 (50.7%) 35 (49.3%)
pM1 5 5 (100.0%) 0 (0.0%)

pTNM 10.014 0.002%*
I 23 7 (30.4%) 16 (69.6%)
I 25 13 (52.0%) 12 (48.0%)
n-1v 28 21 (75.0%) 7 (25.0%)

p < 0.05, #*p < 0.01.
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Figure 2. Cell proliferation and colony formation assays. MafF mRNA and protein levels in control cells and MafF-overexpressing
cells were detected by quantative real-time polymerase chain reaction (QRT-PCR) (A) and Western blot (B). Cell counting kit-8
(CCK-8) assay was used to evaluate the proliferation capacity of SMMC7721 (C) and Hep3B (D) cells. The OD450 value was
measured at 24, 48, 72, and 96 h after cells were seeded. (E, F) The colony numbers of various cell groups were calculated after
cultivated for 2 weeks. Three independent experiments were performed. **p < 0.01 versus blank or vector group.
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Figure 3. Cell apoptosis assays. Apoptosis rates of control cells or MafF-overexpressing cells were detected by annexin V—fluorescein iso-
thiocyanate (FITC)/propidium iodide (PI) double staining. Representative flow cytometry images in SMMC7721 (A) and Hep3B (C) cells
are shown. Apoptosis rates of different cell groups were compared (B and D). Three independent experiments were performed. **p < 0.01.
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Position 1547-1553 of MafF 3’UTR-WT  5'...AAUUUAUUUAUUUCCUGACUUAC... 3’

hsa-miR-224-5p 3' UUGCCUUGGUGAUCACUGAAC 5

MafF 3’'UTR-Mut1 5'...AAUUUAUUUAUUUCCACUGAAAC... 3’

Position 278-284 of MafF 3’UTR-WT 5'...UUAGAUUGAGAGAUACAGAGCCG... 3’

hsa-miR-760 3 AGGGGUGUCUGGGUCUCGGC &

MafF 3°UTR-Mut2 5'..UUAGAUUGAGAGAUAGUCUCGGG... 3’
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Figure 4. miR-224-5p targeted MafF mRNA and regulated MafF expression in HCC cells. (A) Four miRNA target prediction tools
were used to investigate miRNAs that have the potential to bind with MafF mRNA. (B) Binding sites between the 3’-untranslated
region (3’-UTR) of MafF and miR-224-5p or miR-760. (C, D) After microRNA (miRNA) mimic transfection, the expression of
miR-224-5p and miR-760 was detected by qRT-PCR. (E, F) The dual-luciferase assay was performed after cotransfection with MafF
3’-UTR [wild type (WT) or mutant (Mut)] and miR-224-5p or miR-760 or miR-NC. The firefly luciferase activities were detected,
and Renilla luciferase activities were used for normalization. (G, H) The MafF protein level was evaluated by Western blot after miR-
224-5p mimic or miR-NC transfection. Three independent experiments were performed. **p < 0.01.

of mir-224-5p or miR-760 increased greatly (Fig. 4C
and D). The luciferase activities were inhibited when
cells were cotransfected with miR-224-5p mimics and
MafF 3’-UTR-WT compared with those of control
miRNA (miR-NC) transfection group. No differences
in luciferase activity were found when MafF 3’-UTR-
Mut was cotransfected with miR-224-5p or miR-NC.
However, miR-760 mimic transfection did not influence
the luciferase activity of all group cells (Fig. 4E and F).
These results indicated that miR-224-5p could target
MafF mRNA directly, but miR-760 could not. Western
blot analysis further confirmed that miR-224-5p markedly
downregulated MafF protein expression (Fig. 4G and H).

Taken together, our experiments confirmed that miR-
224-5p directly targeted MafF mRNA and decreased the
protein level of MafF.

CircRNA circ-ITCH Was a Molecular Sponge
of miR-224-5p in HCC

Previous studies have reported that circ-ITCH
functioned as a miR-224-5p sponge and subsequently
abolished the oncogenic effect of miR-224-5p in bladder
cancer®. In order to investigate whether circ-ITCH can
affect HCC progress by sponging miR-224-5p, we first
detected the expression of circ-ITCH and miR-224-5p
in HCC. gRT-PCR results showed that circ-ITCH levels
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were downregulated in HCC compared with paratumor
tissues and decreased with the progression of HCC (Fig.
5A), which was consistent with the expression pattern of
MafF. Then we detected levels of circ-ITCH and miR-
224-5p in L-O2 and three HCC cell lines. Compared with
L-O2 cells, HCC cells showed lower circ-ITCH levels
and higher miR-224-5p levels (Fig. 5B). Subsequent
correlation analysis revealed that circ-ITCH level was
negatively related to miR-224-5p level (r = -0.453, p =
0.000) in HCC tissues (Fig. 5C). RNA pull-down assay
showed an obvious enrichment of miR-224-5p in the
circ-ITCH probe pellet compared with the control probe
pellet. These results demonstrated that circ-ITCH could
directly bind and sponge miR-224-5p (Fig. 5D).

Circ-ITCH/miR-224-5p Axis Regulated Cell Proliferation
and Apoptosis by Modulating MafF Expression

Based on the results that circ-ITCH could sponge
miR-224-5p, and miR-224-5p could target MafF mRNA
to suppress its expression, we speculated that the tumor-
suppressive effects of MafF may be regulated by the
circ-ITCH/miR-224-5p axis. To verify the speculation,
circ-ITCH overexpression cells were constructed by len-
tivirus infection. We found that enforced expression of
circ-ITCH significantly upregulated the MafF protein
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level (Fig. 6A-F), promoted cell proliferation (Fig. 6G),
and induced cell apoptosis (Fig. 6H). Subsequent rescue
experiment results showed that miR-224-5p transfection
reversed the upregulation of MafF protein induced by circ-
ITCH (Fig. 6B, C, E, and F), and partly counteracted the
antiproliferation and proapoptosis effects of circ-ITCH
(Fig. 6G, H, and I). Collectively, these data reflected that
decreased expression of MafF in HCC could be modulated
via the circ-ITCH/miR-224-5p axis and consequently
promoted tumor progression (Fig. 6J).

DISCUSSION

In this study, we found that MafF was downregulated in
HCC tissues and cells and decreased with the progression
of HCC clinical stage. Overexpression of MafF could
inhibit the proliferation and colony formation and induce
apoptosis of HCC cells. These results suggested that
MafF acted as a tumor suppressor, and its expression was
associated with HCC progression. On the basis of these
results, we further explored the regulation mechanism of
MafF in HCC.

It is well known that miRNAs can regulate numer-
ous genes posttranscriptionally, but whether MafF can
be regulated by miRNAs is still unclear. We therefore
investigated miRNAs that could bind to MafF mRNA
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Figure 5. Circ-ITCH was decreased and could sponge miR-224-5p in HCC. (A) Expression of circ-ITCH in HCC and adjacent normal
tissues was detected by qRT-PCR. (B) Expression of circ-ITCH and miR-224-5p in L-O2 and HCC cells was detected by qRT-PCR.
(C) Expression of circ-ITCH and miR-224-5p in 76 paired HCC and adjacent normal tissues was detected by qRT-PCR, and their
correlationship was evaluated by Person’s correlation analysis. (D) miR-224-5p was pulled down and enriched by biotin-coupled circ-
ITCH specific probe, and then detected by gqRT-PCR. *p < 0.05, **p < 0.01.
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by bioinformatics analysis, and two candidate miRNAs
were screened out. Subsequent experiments confirmed
that miR-224-5p could directly bind to the 3’-UTR of
MafF and downregulate MafF expression. miR-224-5p
is frequently dysregulated in multiple cancers and acts
as an oncogenic miRNA by targeting tumor suppressor

genes such as p21 and Smad4?. In HCC, it is highly
upregulated and promises to be a valuable early diagnostic
biomarker* . Recently, it was reported that miR-224-5p
directly targeted glycine N-methyltransferase (GNMT)
to promote tumorigenesis of HCC*. Our present study
identified MafF as a novel target gene of miR-224-5p in
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HCC. Moreover, the antitumor effects of MafF could be
regulated by miR-224-5p.

CircRNAs commonly act as miRNA sponges and
repress miRNA activities®*. Recently, a study reported
that circ-ITCH could inhibit bladder cancer progres-
sion by sponging miR-224%. Circ-ITCH is regarded
as a tumor suppressor and is downregulated in various
cancers, including ovarian cancer’!, lung cancer®, and
osteosarcoma®. In HCC, the expression of circ-ITCH
decreased in tumor tissues, and its low expression was
associated with poor survival of HCC?*, but the related
molecular pathway was still unexplored. In the present
study, we verified that circ-ITCH was downregulated
in HCC tissues and cells. Mechanistically, we found
that circ-ITCH could directly sponge miR-224-5p to
upregulate the expression of MafF in HCC. The rescue
experiments elucidated that the antitumor effects of MafF
could be modulated via the circ-ITCH/miR-224-5p axis.

In summary, our study was the first to explore the role
of MafF in HCC and disclosed a novel circ-ITCH/miR-
224-5p/MafF regulation pathway. Low MafF expression
induced by this dysegulated pathway in HCC could
promote cell proliferation and tumor progression. But the
downstream signal moleculars of this pathway in HCC
are still unclear. Previous researches indicated that MafF
participated in oxidant stress response, inflammatory
response, and cell motility by regulating the transcription
of related genes such as heme oxygenase 1 (HO-1) and
matrix metalloproteinases (MMPs)**. More studies need
to be performed to elucidate the exact downstream molecu-
lars of the circ-ITCH/miR-224-5p/MafF pathway in HCC,
which will provide a new perspective for early diagnostic
biomarkers and potential therapeutic targets of HCC.
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