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Background: A large body of evidence has shown that circular RNAs (circRNAs) play
a significant role in the progression of some malignant cancers, including hepatocellular
carcinoma (HCC). However, the complex mechanism of circRNAs in hepatocellular carci-
noma has not been clarified.

Methods: We identified circRNAs by microarray analysis and quantitative real-time poly-
merase chain reaction (RT-qPCR). We also carried out bioinformatics analysis, luciferase
reporter assays, and RNA pull-down assays to define the relationship between microRNA
(miR)-543 and circARPP21. Through silencing and overexpression of circARPP21, we
investigated the effects of circARPP21 on proliferation, migration, and invasion abilities of
HCC cells in vitro and in vivo.

Results: In this study, we found that a novel circRNA, circARPP21 (hsa_circ_0123629),
exerts a strong effect on HCC progression. Reduced expression of circARPP21 in HCC
patients is correlated with larger tumor size, higher tug-lymph node metastasis (TNM) stage,
and poor prognosis as indicated by elevated levels of alpha-fetoprotein (AFP). Conversely,
higher expression of circARPP21 can increase leukemia inhibitory factor receptor (LIFR)
expression by sponging miR-543. Finally, overexpression of miR-543 can reverse the anti-
proliferation and anti-metastasis effects of circARPP21.

Conclusion: The circARPP21/miR-543/LIFR axis suppresses the proliferation, invasion,
and migration of hepatocellular carcinoma cells. In addition, circARPP21 can serve as
a biomarker in HCC, thus offering a potential new approach to HCC therapy.
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Introduction
With multiple causes, including HBV infection and liver cirrhosis, hepatocellular
carcinoma ranks sixth in cancer incidence and fourth in cancer mortality
worldwide.! Despite the development of numerous new alternative therapies, sur-
gical resection still remains the mainstay of HCC treatment.” Unfortunately, due to
the late appearance of clinical symptoms, the 5-year overall survival of hepatocel-
lular carcinoma is still less than 20%.> Therefore, exploration of new potential
biomarkers and clarification of their molecular mechanisms are of urgent impor-
tance to the quest for more effective therapies for this disease.

Circular RNAs (circRNAs) are a group of newly defined endogenous non-
coding RNAs with covalently closed loops formed by the 5’ and 3’ ends of pre-
mRNA transcripts.” CircRNAs derive mainly from exons or introns, while exonic
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circRNAs localize in the cytoplasm and show better stabi-
lity than linear RNAs.” Recent studies have demonstrated
that circRNAs have diverse functions. For instance,
circRNAs can regulate transcription,® interact with RNA-
binding proteins (RBPs),” act as sponges of miRNAs® and,
in some cases, to have the ability to act as templates for
protein translation.” Up to now, a large number of
circRNAs have been shown to act as a sponge of
miRNA to regulate cancer progression. Yu et al found
that the circular RNA ¢SMARCAS5 could suppress the
growth and metastasis of hepatocellular carcinoma by
sponging miR-17-3p and miR-181b-5p.'° Wang et al indi-
cated that circFOXP1 could enhance the Warburg effect in
gallbladder cancer through circFOXP1/miR-370/PKLR
axis."!

MicroRNAs (miRNAs) are small, mostly non-coding
RNAs
Dysregulation of miRNAs can have oncogenic or tumor-

containing approximately 22 nucleotides.'?
suppressive effects.'> MiRNAs have been shown to affect
mRNA levels by targeting their 3” untranslated region
(UTR)."*'® Thus, investigation of the upstream regulators
of miRNAs is important in order to understand the
mechanisms of miRNA effects in depth. It has been
reported that miRNAs can be regulated by circRNAs'” or
IncRNAs.'®

Through microarray sequencing, we have identified
dysregulated circRNAs in HCC tissues. Our microarray
that circARPP21 is
expressed in HCC tissues. By determining circARPP21

analysis showed only weakly
levels in HCC cell lines and in 55 paired tumor and para-
tumor normal tissues, we found that circARPP21 is stably
downregulated in HCC. We also showed that circARPP21
can act as a sponge of miR-543 and indirectly regulate the
leukemia inhibitory factor receptor (LIFR) to inhibit HCC
progression. Our findings also offer a new promising bio-
marker to enhance current treatments for HCC.

Materials and Methods

Tissue Specimens

Tissue specimens (55 HCC tissues and 55 para-tumor
normal tissues) were obtained from patients diagnosed
with HCC between 2016 and 2019 in the Hepatobiliary
Center of The First Affiliated Hospital, Nanjing Medical
University. Every participant involved in this study pro-
vided written informed consent that was approved by the
Ethics Committee of The First Affiliated Hospital, Nanjing
Medical University and were carried out in accordance

with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments
involving humans. The tissue samples were frozen at
—80°C before use. The circRNA microarray of three paired
human HCC tissues was constructed and completed at
Beijing CapitalBio Technology (Beijing, China).

Cell Culture

HCC cell lines (Huh7, Hep3B, HepG2, SMMC-7721,
MHCC97H, HCCLM3) and normal liver cell lines (LO2)
were purchased from the Cell Bank of the Chinese
Academy of Sciences (Shanghai, China). These cells
were incubated in Dulbecco’s modified Eagle’s medium
(DMEM) (Gibco, Life Technologies, Carlsbad, CA, USA)
with 10% fetal bovine serum (FBS) (Gibco) and antibio-
tics (1% penicillin/streptomycin, Gibco, USA) at 37°C
with 5% CO,.

Oligonucleotide Transfection

Si-circARPP21, miRNA-543 mimic, miRNA-543 inhibitor
and their related control oligonucleotides were designed
and synthesized by RiboBio (Guangzhou, China). The
sequence of siRNAs has been shown as follows:
siRNA1: CTGTCCAAAGCAGTCAGGA, siRNA2: AGC
AGTCAGGAGCAGGAAA, siRNA3: CCAAAGCAGTC
AGGAGCAG. A lipofectamine 3000 kit (Invitrogen) was
used as transfection medium.

Stable Cell Transfection

To establish stable overexpression of circARPP21 in
human HCC cell lines, we used lentivirus (HanBio,
Shanghai, China) for transduction and the transfection
was performed according to the supplier’s instructions.
And all the cell lines were selected with 3pug/mL puromy-
cin for 14 days.

RNase R Treatment

Total RNA extracted from HCC cell lines was mixed with
RNase R(4U/mg) at 37°C for 30 minutes. RT-qPCR was
then used to test the stability of circARPP21.

Real-Time Quantitative PCR

RNA was extracted from tissues and cell lines with TRIzol
(Invitrogen, Carlsbad, CA). A PrimeScript RT reagent kit
(Taka-ra Bio Inc, China) was used for reverse transcription
of RNA to cDNA. Alternatively, the total RNA of miRNA
was reversed by a RiboBio reverse transcription kit
(Guangzhou, China). Next, RT-qPCR was conducted
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using the SYBR PremixEx Taq (Vazyme, China). The
primer sequences were as follows: CircARPP21,
Forward: CAATCTAAAGCCCGCCATGA and Reverse:
CCTTTTCCTGCTCCTGACTG; ARPP21, Forward: CCC
ATCTGGTCAGTACCCTACC and Reverse: CACGCTT
TGCACCGGAGTT;miR-543, Forward: ATGAGAAGTT
GCCCGTGTT and Reverse: GCGAATGTTTCGTCACA
AAT; LIFR, Forward: CATCATCAGCGTAGTGGCTA
AA and Reverse: TTCCGACCGAGACGAGTTA; GAD
PH, Forward: CACCCACTCCTCCACCTTTG and
Reverse: CCACCACCCTGTTGCTGTAG; U6, Forward:
CTCGCTTCGCCAGCACA and Reverse: AACGCTT
CACGAATTTGCGT.

Western Blotting Assay

Total protein was extracted from the HCC cell lines with
ice-cold radioimmunoprecipitation-assay lysis buffer, then
separated using sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE). The proteins were trans-
ferred to polyvinylidene difluoride (PVDF) membranes
which were blocked in 5% non-fat powdered milk for
2h. Next, the membranes were incubated in primary detec-
tion antibodies overnight at 4°C and subsequently incu-
bated with secondary detection antibodies for 2h at room
temperature. The following primary antibodies were used
to incubate membranes: LIFR (sc-659, Santa Cruz
Biotechnology); GAPDH (#ab181602, Abcam). Protein
expression levels were visualized using an enhanced che-
miluminescence (ECL) detection system after washing the
membranes three times with Tris-buffered saline-Tween
(TBS-T) buffer.

Bio-Coupled Probe RNA Pull-Down

Assay

HCCLM3 and Hep3B cells transfected with miR-543
mimics were washed in cold PBS and then lysed. The
lysate was then
CircARPP21probe.
bounded magnetic beads. After a 2-hour incubation, the
target RNA was isolated by a RNeasy Mini Kit (Qiagen,
Germany). The RNA mixture was then washed, extracted

incubated with a Biotin-coupled

The biotin-coupled probes were

with Trizol, and prepared for PCR.

Luciferase Reporter Assay

HCC cells were seeded onto a 24-well plate. Cells were
co-transfected with wild-type or mutated circARPP21 or
LIFR 3’-UTR reporter plasmids, and with miR-543

mimics or negative controls. After 48h, luciferase activity
in co-transfected cells was determined by the dual-
luciferase reporter assay system (Promega, WI, USA).

Fluorescence in situ Hybridization (FISH)
We detected the presence of CircARPP21 and miR-543
with specific probes using a FISH (fluorescence in situ
hybridization) kit (RiboBio, Guangzhou, China). The
circARPP21 probe and the miR-543 probe were hybri-
dized at 37°C overnight after pre-hybridization. Nuclei
were stained with 4’,6-diamidino-2-phenylindole (DAPI).
Images were obtained with confocal microscopy.

Wound Healing Assay

Transfected and controlled cells (1 x 10° cells/well) were
seeded onto 6-well plates and cultured at 37°C. After the
cells were fully grown, a vertical scratch was made in the
middle of the well with a sterile 200-uL pipet tip. Images
were taken immediately after the scratch was made, and
compared to images of the same location 24 hours later.

Transwell Invasion and Migration Assay
Following the manufacturer’s protocol, HCC cells were
introduced into the upper chamber (8-um pore size;
Millipore) with 200pL serum-free medium. The bottom
chamber was filed with 500uL medium with 10% serum
as a chemoattractant. The transwell chamber was coated
with the Matrigel mix (BD Biosciences, San Jose, CA,
USA) for invasion assay. After incubation for 48h, the
cells were fixed with methanol for 20 minutes and stained
with crystal violet for 20 minutes at normal temperature.
Five randomly selected microscopic fields were chosen to
count the cells for each group.

Colony Formation Assay

In this assay, Hep3B and HCCLM3 cells were plated into
a 6-well culture dish at a density of 1000 cells per well.
After being incubated for 2 weeks, the cells were fixed by
methanol and stained by crystal violet. The cell colony
which contained >50 cells under the microscope were
counted as valid.

Cell Counting Kit-8 Assay (CCKS8)

For the CCKS8 assay, transfected HCC cells were seeded
into a 96-well plate at a density of 1000 cells/well for 5
replicates. The Cell counting kit-8 (CCKS, Dojindo,
Japan) was added into the plate to assess the viability of
HCC cells every 24h for 5 days. After a 2-hour incubation
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with 10uL. CCKS, the optical density of the cells was
measured at 450 nm.

5-Ethynyl-2’-Deoxyuridine (EdU) Assay
An EdU measurement was carried out with a Cell-Light
EdU Apollo567 in vitro Kit (RiboBio, Guangzhou, China).
Following the manufacture’s protocol, HCC cells (1 x 10%)
were plated onto 96-well plates. After cell adherence, a 50
uM EdU solution was added onto plates and incubated for
2h. The cell lines were then fixed in paraformaldehyde and
stained by Apollo Dye Solution and Hoechst. Stained
images were examined under a fluorescence microscope
and the ratio of cell proliferation was calculated.

Tumor Xenografts

We purchased BALB/c nude mice (4-5 weeks old, five
mice per group) from the National Laboratory Animal
Center (Shanghai, China). Huh7 cells were transfected
with siRNA of circARPP21 or NC vector. The transfected
cells were used for subcutaneous injection of the nude
mice (1.5% 10° cells per mouse). After 30 days, the mice
were sacrificed and the tumors excised. We measured
tumor size every five days in vivo. All the animal experi-
this
Experimental Ethics Committee of Nanjing Medical

ments in study were approved by Animal
University. And we manipulated and cared the animals
following National Institutes of Health Guide for the

Care and Use of Laboratory Animals.

Statistics Analysis

All data are presented as the mean + standard deviation
(SD) of at least three independent experiments. Student’s
t test (two-tailed) or ANOVA with GraphPad Prism 8 was
used to analyze the experimental data. The relationship
between circARPP21 expression and clinicopathological
characteristics of HCC patients was calculated and ana-
lyzed with a chi-square test (¥2) or Fisher’s exact test.
Differences were considered statistically significant with
*p < 0.05, *¥*p < 0.01, ***p < 0.001.

Results
CircARPP21 is Downregulated in HCC

Tissues and Cell Lines

To investigate the dysregulated circRNAs, we carried out
a microarray assay using three paired sets of tumor and
adjacent non-cancerous tissues. Differentially expressed
circRNAs were defined as those exhibiting at least a two-

fold change in expression and a P < 0.05. The heatmap of
the top 10 up- and down-regulated circRNAs is shown in
(Figure 1A). We found that a novel circRNA called
circARPP21, which has not previously been reported in
earlier work, was expressed at significantly lower levels in
selected circARPP21as
a candidate circRNA for further investigation. According
to the circbase (http://www.circbase.org/),
circARPP21, which is located at chr3:35725217—
35763326, is derived from its parental gene ARPP21
(cAMP-regulated phosphoprotein, 21kDa), and its spliced
length is 1054bp (Figure 1B). The stability of circARPP21
was demonstrated by RNase R treatment: CircARPP21
showed resistance to RNase R digestion due to its loop
structure (Figure 1C), while linear mRNA ARPP21 lacked
resistance to RNase (Figure 1D).

HCC. For this reason, we

database

To further investigate the properties of this circRNA,
we measured circARPP21 expression in HCC cell lines
(Figure 1E) and fresh human HCC tissue (Figure 1F), and
found that circARPP21 was downregulated both in cell
lines and in tumor tissue compared to the control
group. Additionally, circARPP21 expression was mark-
edly reduced in advanced tumors compared to that of
early tumor stages (Figure 1G). Clinical statistics revealed
that weak expression of circARPP21 was correlated with
tumor size (p=0.0018), AFP level (p=0.0351), and tug-
(TNM) (»<0.001)
(Supplementary Table 1). However, this analysis did not

lymph node metastasis stage

show a significant association between circARPP21 and
t patient gender, age, HBsAg level, or number of tumors.
To further confirm the potential of circARPP21 as
a therapeutic target for HCC patients, we determined the
receiver operating characteristic (ROC) curve using the
expression level of circARPP21 (Figure 1H); the area
under curve (AUC) was 0.7369.

CircARPP21| Suppresses the Proliferation

and Metastasis of HCC Cells in vitro

As is shown in Figure 1E, MHCC97H and Huh7 cells
showed relatively higher circARPP21 levels than other
HCC cells, and HCCLM3 and Hep3B cells showed the
lowest circARPP21 expression. Thus, we chose HCCLM3
and Hep3B cells to investigate the phenotypic changes of
HCC cells following overexpression of circARPP21.
MHCC97H and Huh7 cells were also selected for loss-of-
After

OVGI'CXpI'eSSiOIl

function experiments. transfection with the

circARPP21 vector, overexpression
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Figure | CircARPP21 is downregulated in HCC specimens and cell lines. (A) Cluster heatmap illustrating the top 10 up- and down-regulated circRNAs in microarray. (B)
The spliced mature sequence length of circARPP21 derived from the ARPP2I gene is 1054 bp and the head-to-tail splicing of circARPP2| was confirmed by Sanger
sequencing. (C) RT-qPCR data documenting circARPP21 levels in HCC cells treated with RNase R. (D) RT-qPCR data on ARPP2I levels in HCC cells treated with RNase

R. (E) Assessment of circARPP2| expression in cell lines using RT-qPCR. (F) Evaluation

of circARPP21 expression in 55 paired HCC tissues and adjacent normal tissues using

RT-qPCR. (G) Evaluation of circARPP21 expression in 55 HCC tissues including early-stage group and late-stage group. (H) The diagnostic value of circARPP21 for HCC was
evaluated by measuring the area under ROC curve. Values are shown as the mean +SD of three independent experiments. **p < 0.01, ***p < 0.001.

efficiency was detected by RT-qPCR (Figure S1A).
Knock-down efficiency was also examined after siRNA
transfection into MHCC97H and Huh7 cells (Figure S1C).
None of the transfected cells influenced expression of
ARPP21, which is the linear host gene of circARPP21
(Figure S1B and S1D).

Cell counting kit-8 (CCK®8) assays showed that silen-
cing of circARPP21 can promote the viability of HCC
cells (Figure 2A), while circARPP21 overexpression had
the opposite effect (Figure 2B). Next, we performed EdU
essays, which revealed that silencing of circARPP21
enhanced DNA synthesis (Figure 2C); the overexpression
group was able to suppress tumor proliferation in vitro
(Figure 2D). Wound-healing assays and transwell invasion

assays both revealed that mobility of HCC cells was
increased in the si-circARPP21 group (Figure 2E and G),
and inhibited in the overexpression group (Figure 2F
and H).

CircARPP2| Functions as a Sponge of
miR-543 in HCC Cells

Because many circRNAs play an important role in cancers
through acting as a sponge of miRNA, we hypothesized
that circARPP21 similarly affects progression of HCC. To
determine which miRNA binds to circARPP21, we
searched the database CircInteractome (https://circinterac
tome.irp.nia.nih.gov/). As shown in Figure 3A, the seed-

binding region of miR-543 has a complementary sequence
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Figure 2 CircARPP2I suppresses cancer progression in HCC cell lines. (A) The growth of HCC cells transfected with si-circARPP2| was evaluated using the CCK-8 assay.
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to circARPP21 and obtained one of the highest predicting
score (context+ score percentile). The Kaplan—Meier
Plotter
revealed that the survival time of patients with higher

database (http://kmplot.com/analysis/index.php)

miR-543 levels was of shorter duration than that of
patients with lower miR-543 expression, and the Starbase
database (http://starbase.sysu.edu.cn/) showed a 1.86-fold
difference in miR-543 levels in cancer samples compared
to normal tissues (p=0.013) (Figure 3B). These results
further raised the possibility of oncogenic miR-543 as

a target of the anti-oncogene circARPP21.

To test this hypothesis, we then conducted several
experiments to confirm the relationship between
circARPP21 and miR-543. First, RT-qPCR was carried
out to determine whether knock down of circARPP21

upregulates miR-543 levels and whether overexpression
of circARPP21 can reduce miR-543 expression (Figure
3C). Second, we constructed a 3’-untranslated region
(3’-UTR) luciferase reporter containing a mutated var-
iant (Mut) and wild-type variant (WT) of circARPP21
fragments (Figure 3D) whether
circARPP21 can bind directly to miR-543. The results
of luciferase assays definitively demonstrated that over-

to determine

expression of miR-543 reduces luciferase activity in WT
more strongly than in Mut variants (Figure 3E). Next,
we designed a biotin-coupled probe to pull down
circARPP21 in HCCLM3 and in Hep3B cells with over-
expression of circARPP21 to increase pull-down effi-
ciency (Figure 3F). Figure 3G shows that miR-543
was significantly pulled down compared to the control
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or mock using RT-qPCR. (D) Schematic representation of potential binding sites of miR-543 with WT or MUT circARPP2I. (E) Relative luciferase activity after co-
transfection of miR-543 mimics, miR-NC, circARPP21-Mut and circARPP21-WT into 293T cells. (F) RT-qPCR analysis of circARPP2| expression in lysates of HCCLM3 and
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(H) CircARPP2I and miR-543 were co-localized in cytoplasm using FISH assays. Values are shown as the mean +SD of three independent experiments. **p < 0.01, **p <

0.001.

group. Last but not least, FISH assays further confirmed
that both circARPP21 and miR-543 are located in cyto-
plasm of HCC cells (Figure 3H). In short, miR-543 is
a direct target downstream of circARPP21.

MiR-543 Targets LIFR and Promotes the
Proliferation, Invasion and Migration of
Hepatocellular Carcinoma Cells

Because miRNAs can directly silence downstream coding
mRNAs to regulate tumor progression,'® we searched the
miRNA target prediction database miRDB (http://mirdb.
gg[),zo TargetScan (http://www.targetscan.org/vert 71/),%'
RNA22  (https://cm.jefferson.edu/rna22/)*

and to

determine the target mRNA of miR-543. Figure 4A
shows that the genes common to all three databases are
leukemia inhibitory factor receptor (LIFR), musashi RNA-
binding protein 2 (MSI2), and armadillo repeat containing
8 (ARMCS). Among the three genes, LIFR shows lower
expression in tumors than in normal tissues and high levels
of LIFR are correlated with longer survival times in HCC
patients (Figure 4B) according to data from Kaplan—Meier
Plotter and Gepia databases (http://gepia.cancer-pku.cn/).
We therefore hypothesized that LIFR might be a direct
target of miR-543. The binding site between miR-543 and
LIFR is shown in Figure 4C. For further confirmation, we
carried out real-time quantitative PCR and Western blot-
ting assays, which showed that both mRNA levels and
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Values are shown as the mean £SD of three independent experiments. *p < 0.05, *p < 0.01, **p < 0.001.

protein expression of LIFR was reduced after transfection
of cells with miR-543 mimics (Figure 4D and E). In
addition, we carried out a luciferase assay in cells with
mutations in the binding site in the 3° UTR of LIFR
(Figure 4F). As expected, the luciferase activity of LIFR
3> UTR-WT was markedly suppressed in cells transfected
with miR-543 mimics and the luciferase activity of
mutated group showed no obvious change (Figure 4G).
Because the oncogenic role of miR-543 appears to be
linked to silencing of LIFR expression, we carried out colony
forming assays and found that high miR-543 levels can
enhance the proliferation of HCC cells (Figure 4H). Cell
viability as measured by the CCK8 assay was also reduced
in the miR-543 inhibited group compared to that of the miR-

543 overexpressed group (Figure 4I). Subsequent wound
healing assay and transwell invasion and migration assays
demonstrated that the HCCLM3 and Hep3B cells with miR-
543 mimics exhibit higher metastatic ability compared to that
of the control group (Figure 4J and K).

CircARPP2| Regulates LIFR Expression
by Sponging miR-543

In order to clarify the relationship between circARPP21,
miR-543 and LIFR, we then conducted rescue experiments
to find if overexpression of circARPP21 could offset the
oncogenic function of miR-543. RT-qPCR assays demon-
strated that miR-543 can reverse the upregulation of LIFR
caused by overexpression of circARPP21 (Figure 5A).
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Western blotting assay also showed that co-transfection of
circARPP21 and miR-543 had no effect on levels of pro-
tein expression of LIFR (Figure 5B). The results of func-
tional experiments of circARPP21 in HCC, mentioned
above, confirm the tumor-suppressing effect of
circARPP21 in HCC. Nevertheless, the effect of
circARPP21 t in HCC can be significantly counteracted
by miR-543 after co-transfection (Figure SC-F).

CircARPP21 Silencing Promotes the

Growth of HCC Cells in vivo
To investigate whether circARPP21 can affect HCC pro-
gression in vivo, we constructed five paired xenograft

models. Huh7 cells transfected with circARPP21 silencing
siRNA were injected into nude mice and the xenograft
tumors were excised after 30 days. The tumor size of the
group containing cells transfected with si-circARPP21
appeared to be larger than the control group (Figure 6A
and B). The growth curve of tumors knocked down with
circARPP21 tended to be significantly higher than that of
the control non-cancer group (Figure 6C). The weight of
xenograft tumors also showed the same trend (Figure 6D).
Moreover, we used RT-qPCR to measure the expression of
circARPP21, miR-543 and LIFR in the tumors and found
that circARPP21 and LIFR were significantly reduced
while miR-543 was upregulated in the si-circARPP21
group (Figure 6E). All of these findings indicate that
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circARPP21 is able to sponge miR-543 and indirectly
regulate LIFR to suppress the progression of HCC
(Figure 6F).

Discussion

In 2012, circular RNAs were shown to be universally
expressed in eukaryotic genes, with circular RNA isoforms
found in hundreds of human genes.”® In the past decade,
many studies have shed light on the biogenesis and poten-
tial mechanism of circRNAs in human diseases.** Current
studies of the circular RNAs associated with HCC pro-
gression as prognostic biomarkers or functional molecules
are in progress. Investigating the network of noncoding
regulatory RNAs in HCC, Yanping Wei et al found that
circ-CDYL, along with HDGF and HIF1AN, can serve as
biomarkers for detection of early-stage HCC.%> Our study
had demonstrated that circular RNA circARPP21 is

downregulated in HCC tissues and cells compared with
circARPP21
Moreover, low expression of circARPP21 is correlated

levels in normal, non-cancer tissues.
with clinicopathologic data showing larger tumor size,
late tumor stage, and AFP levels. Our functional experi-
ments also revealed that overexpression of circARPP21
can inhibit the proliferation, viability, invasion, and migra-
tion of HCC cells, while the experimental group with
silenced circARPP21 showed the opposite phenotype.
Altogether,

circARPP21 as a new biomarker and tumor-suppressor

these results suggest the potential of
molecule in hepatocellular carcinoma.

Following our initial investigation of circARPP21, we
then determined that circARPP21 sponges its downstream
microRNA miR-543. Current research indicates that miR-
543 acts as an oncogene in many types of cancers. For

example, in lung cancer, Wang et al reported that miR-543
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promotes lung cancer cell growth and angiogenesis in vitro
as well as tumor growth in vivo through silencing of
MTA1.%® Additionally, Shi et al showed that miR-543 is
overexpressed by the Helicobacter pylori CagA protein,
thus suppressing autophagy and promoting epithelial—
mesenchymal transition in gastric cancer through targeting
SIRT1.?” miR-543 also plays an important oncogenic role in
prostate cancer.”® Yu et al confirmed the strong expression of
miR-543 in hepatocellular carcinoma, and its ability to pro-
mote HCC cell growth and invasion,” a finding consistent
with the results of our own study. Leukemia inhibitory factor
receptor (LIFR), reported by Luo et al to function as
a metastasis suppressor in HCC,*® was predicted and con-
firmed in our own research as a downstream target that binds
directly to miR-543. In short, our work suggests that
circARPP21 might alleviate HCC progression via the
circARPP21/miR-543/LIFR axis.

As far as we know, this is the first study to investigate
the characteristics of circARPP21 in HCC. We have also
described for the first time the relationship between miR-
543 and LIFR. These findings offer a promising new
therapeutic approach for treatment of HCC. Nevertheless,
there are still several limitations to our study. First, we
need a larger sample size to confirm the outcomes. Second,
since the mode of action of circRNAs remains unclear, it is
possible that additional miRNAs or other kinds of genes
also interact with circARPP21 to regulate HCC develop-
ment. Moreover, the downstream pathway of LIFR also
needs to be investigated to clarify how it works in HCC
progression. Hence, further research is essential to acquire
a deep understanding of operation of molecular mechan-
isms in cancer biology.
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