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ABSTRACT

CircRNA/miRNA/mRNA axis has been reported to play crucial regulatory roles in multiple cancers,
including hepatocellular carcinoma (HCC). In addition, recent investigations revealed that aloin
exerted anti-tumor functions in HCC. However, the underlying mechanism of aloin on anti-tumor
functions in HCC remained elusive. Therefore, this study aimed to investigate whether circRNA/
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KEYWORDS
miRNA/mRNA axis medicated the anti-tumor effect of aloin in HCC. Cell viability, invasion, Aloin: hcc; circ_0011385;
apoptosis and autophagy were accessed by cell counting kit-8 (CCK-8), transwell invasion assay, miR-149-5p; wt1

flow cytometry, Western blot and immunofluorescence analysis, respectively. Expression levels of
circ_0011385, miR-149-5p and WT1 mRNA were determined using qRT-PCR assay. Binding sites
between miR-149-5p and circ_0011385 or WT1 were predicted in starBase database. The binding
relationship among circ_0011385, miR-149-5p and WT1 were verified by dual-luciferase reporter
assay and RNA immunoprecipitation. Besides, the rescue experiments were performed by co-
transfection with cric_0011385 overexpression plasmid, si-cric_0011385, miR-149-5p mimic and
inhibitor, WT1 pDNA and si-WT1 in HCC cells. Furthermore, tumor growth was also investigated in
the xenograft mouse model. Aloin inhibited HCC proliferation and invasion as well as promoted
apoptosis and autophagy both in vitro and in vivo. Besides, aloin suppressed circ_0011385
expression. Overexpressed circ_0011385 partially reversed the anti-tumor effect of aloin on HCC.
In addition, it was revealed that the circ_0011385, miR-149-5p and WT1 genes were abnormally
expressed in HCC. Furthermore, the binding interactions between circ_0011385, miR-149-5p and
WT1 were predicted and confirmed. Moreover, the effect of circ_ 0011385 on the anti-tumor role
of aloin in HCC was rescued by miR-149-5p mimics. MiR-149-5p regulated HCC progression via
modulating WT1. Aloin suppressed cell proliferation, invasion and tumor growth and promoted
apoptosis and autophagy in HCC through regulating circ_0011385/miR-149-5p/WT1 axis. Aloin
may be a potential candidate drug for HCC treatment.

Abbrevations: HCC: Hepatocellular carcinoma; ceRNA: competing endogenous RNA; miRNA:
microRNA; MREs: miRNA response elements; WT1: Wilms' tumor 1; MMP-2: Matrix metalloprotei-
nase; EMT: epithelial-mesenchymal transition; GADPH: glyceraldehyde 3-phosphate dehydrogen-
ase; WT: wild type; MUT: mutant type; DMEM: dulbecco’s modified eagle medium.

1. Introduction Aloin, also named barbaloin, has been proved to
exert anticancer function in different kinds of
cancer cells such as Ehrlich ascites carcinoma
cell, myeloid leukemia, and acute lymphocyte leu-
kemia cancerous cells [3]. In HCC, the previous
study reported that combination treatment of
aloin and metformin suppressed HCC growth,
invasion, and induced apoptosis and autophagy
[4]. These findings indicate that aloin may be

a potential therapeutic drug for HCC treatment.

Hepatocellular carcinoma (HCC) is one of the
most devastating and aggressive cancers. The inci-
dence rate of HCC continues to grow rapidly
worldwide, with the third highest number of
deaths at over 600,000 per year [1]. Clinically,
HCC patients presented a poor prognosis [2].
Therefore, more efforts are needed in exploring
new therapy strategies for HCC.
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Recent studies have shown that natural agents,
including curcumin, isoflavone, and EGCG, could
regulate the expression of many miRNAs and
thereby suppress tumor cell proliferation [5,6].
Zhang et al. reported that demethylzeylasteral,
a bioactive compound extracted from Tripterygium
wilfordii Hook F, inhibited glioma cell growth by
regulating the miR-30e-5p/MYBL2 axis [7].
CircRNAs were demonstrated to act as competing
endogenous RNAs (ceRNAs) to sponge microRNA
(miRNA) sponges [8]. For example, CDRlas
absorbed miR-7 via over 70 miRNA response ele-
ments (MREs) and exerted biological and pathologi-
cal functions in many cancers [9]. As a member of
the circRNA family, hsa_circ_0011385 was found
abnormally expressed in thyroid cancer tissue and
acted as a sponge for miR-361-3p [10]. In addition,
hsa_circ_0011385 knockdown suppressed thyroid
cancer cell proliferation, migration and invasion,
and promoted cell cycle arrest and apoptosis [1].
Nevertheless, the role of circ_0011385 in HCC
remains unclear.

Wilms’ tumor 1 (WT1) gene, which is located at
the short arm of chromosome 11 and contains 10
exons, encodes a DNA-binding transcription factor
essential for embryonic development [6]. WT1 pre-
sented high expression in most cases of acute myeloid
leukemia (AML) and chronic myeloid leukemia
(CML) and was associated with a long-time poor
prognosis [10]. Downregulation of WT1 restrained
cell proliferation and induced apoptosis in AML cell
line HL-60 and CML cell line K562 [11]. MiRNAs
could exert their post-transcriptional regulatory func-
tions through regulating gene expression via binding
to the 3'-untranslated regions (3'-UTR) of the targeted
mRNAs [12]. WT1 could be regulated by miRNAs
and identified as a target for miR-149-5p [13]. Hence,
the interaction of miR-149-5p and WT1 in HCC was
investigated in this study.

Herein, the expressions of circ_0011385, miR-149-
5p and WT1 in HCC were analyzed. In addition,
miR-149-5p was identified as a target of
circ_0011385, the interaction between miR-149-5p
and WT1 was investigated in HCC. Furthermore,
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the effects of aloin on HCC growth, proliferation,
apoptosis and autophagy were investigated both
in vivo and in vitro. Moreover, this study explored
the function of circ_0011385/miR-149-5p/WT1 axis
in the regulation of aloin on HCC progression. This
study revealed a new mechanism by which aloin
regulated HCC progression via modulating
circ_0011385/miR-149-5p/WT1 axis in HCC.

2. Materials and methods
2.1 Reagents and antibodies

Aloin was obtained from Selleck and dissolved in
DMSO (concentration: 1 mg/ml). HEK-293 T,
HuH7, HCCLM3, and THLE-2 cell lines were
purchased from the Institute of Chemistry and
Cell Biology (Shanghai, China). Lentivirus-
mediated sh-circ_0011385 or negative control
(sh-NC) vectors, virion-packaging elements, and
miR-149-5p mimics and inhibitor were pur-
chased from Genechem (Shanghai, China). The
full-length hsa_circ_0011385 c¢cDNA was sub-
cloned into the vector pcDNA3.1+ (Invitrogen,
NY, USA) to establish the recombinant plasmid
pcDNA-hsa_circ_0011385. pEGFP-LC3B were
also purchased from Invitrogen. Antibodies
against BCL2, BAX, MMP2, P62, Beclin-1, LC3
I, LC3 II and WTI1 were purchased from Cell
Signaling Technology (Danvers, MA, USA).

2.2 Clinical tissues

The tumor tissues and adjacent normal tissues
were collected from 35 HCC patients in the First
Affiliated Hospital of China Medical University.
All patients enrolled in this study wrote informed
consent. The study was approved by the
Institutional Ethics Committee of the First
Affiliated Hospital of China Medical University.
None of the HCC patients received any treatment
before surgery. Collected tissues were frozen in
liquid nitrogen and then stored in —80°C refrig-
erator for further use.
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2.3 Cell culture and transfection

Cells were cultured in ATCC-formulated Dulbecco’s
modified eagle medium (DMEM; Gibco) supple-
mented with 10% fetal bovine serum (FBS; Gibco),
penicillin (100 units/mL, Gibco), and streptomycin
(100 g/mL, Gibco). All cells were placed in a 37°C
incubator with 5% CO..

MiR-149-5p mimics or inhibitors, circ_0011385
over-expression plasmids, WT1 pcDNA, si-circ
_0011385 and negative control were separately
transfected into HCC cells using Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA) following
the manufacturers’ protocols.

2.4 Cell viability

CCK-8 assay was performed to detect cell prolif-
eration ability as previously described [14]. HCC
cells were plated and treated as indicated in 96-
well plates for different time durations. Then, 10 pl
of CCK-8 reagent (Dojindo  Molecular
Technologies, Kumamoto, Japan) was added into
each well and incubated for 2 h. The absorbance at
450 nm was measured by a microplate reader
(BioTek Instruments, Inc).

2.5 Cell apoptosis assay

Flow cytometry was performed to detect cell apopto-
sis as previously described [15]. HCC cells were gently
homogenized and harvested. Cells were resuspended
in PBS at a density of 1 x 10°, stained with Annexin
V-FITC and PI, respectively. The proportion of the
apoptotic cells was determined using a flow cytometer
(BD Biosciences, San Jose, CA, USA).

2.6 Transwell invasion assay

Transwell invasion assay was conducted to deter-
mine cell invasion ability as previously described
[16]. The upper chamber of transwell was pre-
covered with Matrigel (BD Biosciences, USA).
HuH7 and HCCLM3 cells were seeded into the
upper chamber and cultured in the serum-free
DMEM medium. Besides, the DMEM medium
with 10% FBS was added to the lower chamber.
HCC cells were maintained at 37°C with 5% CO,
for 24 h. Then, the invaded cells were stained

Giemsa dye. The number of invasion cells was
measured in five random fields under a light
microscope.

2.7 Western blotting analysis

Western blot analysis was performed as previously
described [17]. Briefly, proteins extracted from cells
and tumors were separated on SDS-PAGE (12%) and
transferred to PVDF membranes (Millipore). PVDF
membranes were probed with primary antibodies
after blocking nonspecific binding. The primary anti-
bodies were anti-Bax (cat. no. 2772), anti-Bcl-2 (cat.
no. 15,071), anti-Beclin-1 (cat. no. 3738), anti-P62
(cat. no. 5114), anti-LC3B (cat. no. 2275), anti-
MMP-2 (cat. no. 4022) and GADPH (cat. no. 5174;
dilution of all, 1:1,000) antibodies. After removing
the primary antibody, membranes were incubated
with horseradish peroxidase (HRP)-conjugated sec-
ondary antibody (Santa Cruz Biotechnology). The
proteins were visualized using the Amersham ECL
Prime Western Blotting Detection Reagent
(Amersham Pharmacia Biotech). Finally, protein
images were obtained by a ChemiDocxRS imaging
system and analyzed by QuantityOne analysis soft-
ware (Bio-Rad Laboratories).

2.8 Quantitative real time-polymerase chain
reaction (qRT-PCR)

Total RNA was extracted using TRIzol reagent
(Promega, Madison, WI, USA) according to the
standard method of the manufacturer. Based on
the instructions of the manufacturer, reverse tran-
scription and cDNA amplification were performed
using the First Stand cDNA Synthesis Kit
(TTANGEN Biotechnology, Beijing, China) and
SYBR Green PCR Master Mix (TaKaRa, Dalian,
China) on ABI 7300 Sequence Detection System
(Thermo Fisher Scientific, Inc., Waltham, MA,
USA). Gene expressions were calculated using the
2744 method [18]. Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was used as the internal
control. The qRT-PCR primers were designed as
follows: miR-149-5p, Forward: 5-ATTCTCTC
ATCTGGCTCCGTGT-3', Reverse: 5-TATG
GTTGTTCTGCTCTCTGTGTC-3'; circ_0011385,
Forward: 5-AGCTGGCCCTTCTCAAGACGGA
TCCGAAAGCAGCTGGCCCTTCTCAAG-3/,



Reverse: 5'-ACTATACTGGTTGAGCTCTCCACT
CGAATTCCTTGGCACTATACTGGTTGAGCT-
CT-3’; Human WT1, Forward: 5-CAGGCTGCAA
TAAGAGATATTTTAAGCT-3', Reverse: 5-GAA
GTCACACTGGTATGGTTTCTCA-3’;  Human
GAPDH, Forward: 5-ATGTCGTGGAGTCTACT
GGC-3', Reverse: 5-TGACCTTGCCCACAGCC
TTG-3'

2.9 Fluorescence microscopy and quantification

HCC cells were transfected with pEGFP-LC3B
plasmid. pEGFP-LC3B expressing HCC cells were
treated as indicated. After the cells were fixed in
4% paraformaldehyde, LC3 punctuate dots were
detected under fluorescent microscopy (Leica,
DM13000B, Germany) [19]. The number of LC3
dots per cell was counted by Image-Pro Plus 7.0
software.

2.10 Dual-luciferase reporter assay

Dual-luciferase reporter assay was performed as
previously described [20]. HCC cells were seeded
into 24-well plates and incubated for 24 h. The
pmirGLO reporter vector carrying wild-type (WT)
or mutant type (MUT) circ_0011385 and WT1I
was co-transfected with the miR-149 mimic or
miR-NC (miR-negative control, an oligonucleotide
with scrambled sequence) into the HEK-293 T
cells. After transfection for 48 h, luciferase activ-
ities were measured with a Dual-luciferase
Reporter System (Promega, Madison, WI, USA).

2.11 RNA immunoprecipitation (RIP)

An Ago2-based RIP assay was carried out to verify
whether circ_0011385 and miR-149-5p or miR149-
5p and WT1 existed in the same RISC as previously
described [20]. HEK-293 T cells were collected after
48 h of transfection. Then, 20 ul anti-FLAG M2
magnetic beads were added to the cell lysate. RIP
experiments were performed using a Magna RIP
RNA-Binding Protein Immunoprecipitation Kit
(Millipore, Bedford, MA, USA). The abundance of
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circ_0011385, miR-149-5p, WT1 was detected using
qRT-PCR assay.

2.12 Prediction of circRNA-miRNA-mRNA pairs

CircRNAs function as sponges for miRNAs with
MREs. The interaction between circ_0011385 and
miR149-5p was predicted with the starBase (http://
starbase.sysu.edu.cn/) [21]. Three algorithms
(miRanda [22], TargetScan [23], PITA [24]) were
used to depict miRNA target genes.

2.13 Animal experiments

Animal experiment was conducted as previously
described [17]. Briefly, six-week-old female
immune-deficient nude mice (BALB/c-nu) were
bred at the laboratory animal facility. Mice were
injected subcutaneously with 5 x 10° HuH7 cells
with or without sh-NC or sh-circ_0011385 stably
transfection. Mice and developed subcutaneous
tumors were monitored daily. The tumor volume
was measured weekly and calculated with the fol-
lowing formula: volume = length x width?/2. All
animal experiments were performed in accordance
with guidelines approved by the First Affiliated
Hospital of China Medical University.

2.14 Immunohistochemistry assay

The paraffin-embedded tumor sections were incu-
bated with anti-BCL-2 antibody (dilution rate,
1:200). The section was washed, counterstained,
dehydrated, transparentized, and fixed according
to the previous study [25]. The images were cap-
tured using a microscope (Olympus, Tokyo, Japan).

2.15 Statistical analysis

SPSS 20.0 (IBM Corp., Armonk, NY) was used for
the statistical analysis. Data from at least three
independent experiments were expressed as the
mean * standard error of the mean (SEM). One-
way ANOVA with Tukey’s post hoc test was used
to evaluate the differences among multiple groups.
Pearson correlation analysis was used to analyze
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Figure 1. Aloin inhibited HCC cell proliferation and invasion and induced apoptosis and autophagy. Human HCC cell lines
HuH7 and HCCLM3 were treated with different concentration of aloin (0, 10, 30, 50, 70 umol/L). (a, b) Cell viability was determined
by CCK-8 assay at different time points (24, 48, 72 h). (c, d) Cell apoptosis ratios were measured by flow cytometry. (e) Effects of aloin
on HCC cell invasion ability were analyzed using transwell invasion assay. (f, g) Relative expressions of apoptosis-related protein
(BCL2, BAX, MMP2) were detected by Western blot. (h, i) Relative expressions of autophagy-related protein (P62, Beclin-1, LC3 I, LC3
1) were detected by Western blot. Data were presented as mean+SEM (n > 3). *P < 0.05, **P < 0.01, ***P < 0.001 versus O umol/L or
control.



the correlations of miR-149-5p and WT1 expres-
sions in HCC tissues.

3. Results

3.1 Aloin inhibited HCC cell proliferation and
invasion and induced apoptosis and autophagy

To investigate the effect of aloin on HCC progres-
sion, cell viability of two human HCC cell lines
Huh7 and HCCLM3 and normal live epithelial cell
line THLE-2 were detected by CCK-8 assay. As
shown in Figure la-b, aloin inhibited the prolif-
eration of HCC cells in a time - and dose -
dependent manner. However, alion had no
significant effect on the viability of normal live
epithelial cells (Supplementary Figure 2). The
apoptosis proportion of HuH7 and HCCLM3
after aloin treatment was increased compared to
control (0 umol/L) (Figure 1c, d). We noted that
50 umol/L was a relatively appropriate dosage for
aloin. Therefore, the 50 pmol/L aloin was used to
treat cells for the following experiments. Besides,
to explore the effect of aloin on HCC cells invasion
ability, transwell invasion assay was conducted.
Expectantly, aloin treatment significantly reduced
the invasion ability of HCC cells (Figure le).
Furthermore, to further study the effects of aloin
on HCC cells, the expression levels of apoptosis-
related protein (BCL2, BAX, MMP2) and autop-
hagy-related protein (P62, Beclin-1, LC3 I, LC3 II)
were detected using Western blot. It was observed
that the relative expression levels of BCL2 and
MMP2 were decreased, while BAX were increased
by aloin. The results are presented in figure 1f-g.
Moreover, aloin increased the expression of autop-
hagy marker LC3 II and Beclin 1, while it
decreased the level of autophagy substrates p62
(Figure 1h, i). These findings indicated that aloin
inhibited HCC proliferation and invasion and
induced apoptosis and autophagy in vitro.

3.2 Aloin suppressed cell proliferation and
invasion and promoted apoptosis and
autophagy via regulating circ_0011385
expression in HCC

To explore the role of circ_0011385 in HCC,
circ_0011385 expression in HCC tumor tissues
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and HCC cell lines was determined.
Circ_0011385 was significantly higher in tumor
tissues than that in adjacent normal tissues
(*P < 0.05, Supplementary Figure la). Compared
with normal human hepatocytes THLE2,
circ_0011385 expression was noticeably increased
in human HCC cell lines HuH7 and HCCLM3
(*p < 0.05, Figure 2a). Besides, the circ_0011385
expression was significantly upregulated in the
HCC cells transfected with circ_0011385 overex-
pression plasmid (*p < 0.05, Figure 2b). To better
interpret the influence of circ_0011385 on aloin’s
role in HCC, the expression of circ_0011385 was
determined in HCC cells after treated with aloin
and transfected with circ_0011385 overexpression
plasmid. Results showed that aloin decreased
circ_0011385 expression, which was reversed by
circ_0011385 overexpression plasmid (*p < 0.05,
Figure 2c). Consequently, circ_0011385 overex-
pression reversed the inhibitory effect of aloin
on cell viability (Figure 2d, e) and cell invasion
ability (Figure 2g, h) of HCC cells. Furthermore,
overexpression of circ_0011385 reduced the apop-
totic rate by about 30% in both HuH7 and
HCCLM3 cell lines (figure 2f). Overexpressed
circ_0011385 reversed the effects of aloin of the
expressions of apoptosis and autophagy marker
proteins (Figure 2i-1). In order to further define
the role of circ_0011385 in aloin-induced autop-
hagy, the eGFP-LC3 plasmid was introduced into
HuH7 and HCCLM3cells. As presented in
Figures 2M and 2 N, less LC3-positive puncta
were observed in ‘aloin+circ_0011385" group
when compared with ‘aloin +vector’ or aloin

group.

3.3 Circ_0011385 served as a sponge for
miR-149-5p

Previous studies have indicated that circ_0011385
could act as a sponge for miRNAs [1]. Therefore,
we explored the potential miRNAs associated with
circ_0011385 in miRBase database, and the bind-
ing site located between circ_0011385 and miR-
149-5p was found (Figure 3a). Then, miR-149-5p
mimics were transfected into Huh7 and HCCLM3
cells, the transfection efficiency was verified by
qRT-PCR (Figure 3b). In order to identify the
direct interaction between circ_0011385 and
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Figure 2. Aloin suppressed cell proliferation and invasion and promoted apoptosis and autophagy via regulating circ_0011385
expression in HCC. (a) qRT-PCR analysis of the expression of circ_0011385 in different HCC cell lines and normal liver cell THLE-2
(*p < 0.05 versus THLE-2). HuH7 and HCCLM3 were pre-transfected with or without circ_0011385 overexpression plasmid or blank
vector, and then treated with aloin. (b) gRT-PCR analysis of the overexpression efficiency (*p < 0.05 versus Vector). (c) The expression
of circ_0011385 in HCC cells after treated with aloin and transfected with circ_0011385 overexpression plasmid was determined
using gRT-PCR. (d, e) Cell viability was determined by CCK-8 assay. (f) Cell apoptosis ratios were measured by flow cytometry. (g, h)
Cell invasion ability in HCC cells after treated with aloin and transfected with circ_0011385 overexpression plasmid were determined
using transwell invasion assay. (i, j) Relative expressions of apoptosis-related protein (BCL2, BAX, MMP2) were detected by Western
blot. GADPH was used as the internal reference. (k, I) Relative expressions of autophagy-related protein (P62, Beclin-1, LC3 |, LC3 II)
were detected by Western blot. GADPH was used as the internal reference. (m, n) LC3 (green) in HuH7 and HCCLM3 cells was
detected by immunocytochemistry. Data were presented as mean+SEM (n = 3). *P < 0.05 versus control or “aloin+vector”.
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assay in HEK-293 T cells (*P < 0.05 vs. miR-NC group). (d) Ago2 RNA immunoprecipitation (RIP) assay was used for detection of the amount of
miR-149-5p and circ_0011385 in HEK-293 T cells (*P < 0.05 vs. IgG group). (e) HuH7 and HCCLM3 were interfered as indicated with
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+SEM (n = 3).

miR-149-5p, and the luciferase reporter assay was
conducted and the results are shown in Figure 3c.
It is revealed that miR-149-5p mimics significantly
attenuated luciferase activity driven by wild-type
circ_0011385. However, the luciferase activity of

MUT-circ_0011385 remained unchanged after
miR-149-5p mimic treatment. Moreover, RIP
assay for Ago2 was performed. Ago2 was the cen-
tral component of most mammalian micro-
ribonucleoprotein complexes (miRNPs) and it
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could directly bind to mature miRNAs. Therefore,
Ago 2 could be used for RIP assay. As shown in
Figure 3d, endogenous miR-149-5p and
circ_0011385 pulled down by Ago2 were enriched
in cell lysates. Additionally, miR-149-5p was sig-
nificantly increased by overexpressed
circ_0011385, which was reversed by miR-149-5p
inhibitors.

3.4 MiR-149-5p counteracted the reversion
effect of overexpressed circ_0011385 on aloin in
HCC cells.

The expression of miR-149-5p in HCC tumor
tissues and HCC cell lines were detected. As
shown in Supplementary Figure 1b, miR-149-5p
was decreased in HCC tumor tissues compared to
adjacent normal tissues. Besides, miR-149-5p was
downregulated in HCC cells HuH7 and HCCLM3
compared with normal liver cell THLE-2
(Figure 4a). As previous experiments showed that
circ_0011385 could sponge miR-149-5p, we
further confirmed whether miR-149-5p mimics
could rescue the reversion effect of overexpressed
circ_0011385 on anti-tumor role of aloin in HCC
cells. Therefore, the miR-149-5p mimic and
circ_0011385 vector were co-transfected into cells
before aloin treatment. Results showed that upre-
gulation of miR-149-5p in HuH7 and HCCLM3
could decrease the cell viability (Figure 4b, c), cell
invasion ability (Figure 4e) and increase the apop-
totic cell ratio (Figure 4d) compared with miR-
NC. From Figure F-K, it could be concluded that
aloin regained its apoptosis — and autophagy-
induction effects that were weakened by
circ_0011385 after treating with miR-149-5p.

To further confirm the effect of miR-149-5p on
the regulation action of circ_0011385 on aloin,
HCC cells were transfected with si-circ_0011385
and miR-149-5p inhibitor. The transfection effi-
ciencies of si-circ_0011385 and miR-149-5p inhi-
bitor were verified using qRT-PCR, respectively
(Supplementary Figures 3A, 3B). Besides, results
showed that knockdown of circ_0011385 elevated
the expression of miR-149-5p (Supplementary
Figure 3c). In HCC cells treated by aloin, si-circ
_ 0011385 induced miR-149-15p expression, which
was decreased by miR-149-15p inhibitor
(Supplementary Figure 3d). Furthermore, si-circ

_0011385 suppressed HCC cell invasion ability
and promoted the apoptosis and autophagy in
HCC cells treated by aloin, but the effects were
abolished by miR-149-15p inhibitor
(Supplementary Figures 3E, 3 F).

3.5 miR-149-5p directly targeted WT1 in HCC.

Next, the downstream target of miR-149-5p was
further identified by bioinformatics method. WT1
was identified as a target of miR-149-5p. The
binding site between miR-149-5p and the 3'-UTR
of WT1 was shown in Figure 5a. Luciferase repor-
ter assay was then performed to confirm the pre-
diction. The results revealed that the luciferase
activity of wt-WT1 was reduced by miR-149-5p
mimics. However, after the miR-149-5p mimic
had no effect on WT1 3'UTR-MUT (Figure 5b).
Moreover, the miR-149-5p and WT1 RNA were
pulled down by Ago2 RIP assay to further verify
the interaction (Figure 5c). Besides, QRT-PCR
results showed that WT1 was overexpressed in
HCC tumor tissue compared with the adjacent
normal tissues (*p < 0.05, Figure 5d). Besides, we
transfected HuH7 and HCCLM3 cells with miR-
149-5p mimics or WT1 plasmid and detected their
WT1 expression level by immuno-blotting
(Figure 5e). It was observed that miR-149-5p
mimics down-regulated the level of WT1 protein,
which rescued by WT1 overexpressed plasmid.
Furthermore, WT1 was found to be negatively
correlated with miR-149-5p expression in HCC
tissues (p < 0.01, R = —0.6034; figure 4f). In con-
clusion, miR-149-5p directly targeted WT1 and
negatively regulated its expression in HCC.

3.6 MiR-149-5p suppressed the development of
HCC via targeting WTT.

To examine whether the anti-HCC effect of miR-
149-5p was dependent on WT1, WT1 overexpres-
sion plasmid was constructed to transfect cells. As
shown in Figure 6a, the introduced plasmid effi-
ciently elevated WT1 expression in HuH7 and
HCCLMS3 cells. From Figure 6b-e, the miR-149-
5p mimics treatment was unable to inhibit cell
proliferation, cell invasion ability or induce the
increasing of apoptosis cells proportion after
WT1 was upregulated. Similarly, Western blots
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Figure 4. MiR-149-5p counteracted the reversion effect of circ_0011385 on aloin in HCC cells. (a) gRT-PCR analysis of the
expression of miR-149-5p in different HCC cell lines and normal liver cell THLE-2 (*p < 0.05 versus THLE-2). Cells were treated with
aloin or transfected with circ_0011385 overexpression plasmid and miR-149-5p mimics as indicated, blank vector and miR-NC were
given as negative control. (b, ¢) Cell viability was determined by CCK-8 assay. (d) Cell apoptosis ratios were measured by flow
cytometry. (e) Effects on cell invasion ability were detected by transwell invasion assay. (f, g) Relative expressions of apoptosis-
related protein (BCL2, BAX, MMP2) were detected by Western blot. GADPH was used as the internal reference. (h, i) Relative
expressions of autophagy-related protein (P62, Beclin-1, LC3 I, LC3 Il) were detected by Western blot, GADPH was used as the
internal reference. (j, k) LC3 (green) in HuH7 and HCCLM3 cells was detected by immunocytochemistry. Data were presented as

mean+SEM (n

> 3). *P < 0.05 versus “aloin+vector” or “aloin+cric_0011385+ miR-NC".



2486 (&) D.FUET AL

a
WT WT1 3'UTR ..UCAGCGAGUCGGAAAGAGCCAG
miR-149-5p CCCUCAcCUUCUGUG¢cuUcGGUCU
MUT WT1 3'UTR ...UCAGCGAGUCGGAAAGAGCCAQGG
b . 293T c d
S 157 mm miRNC 80 H 19G 61 *
= ! — m Ago2
3 B miR-149-5p T o0 e, * 5
o 22 0l = @
] 1.0 < 2., 40 i i z $ 4
S ©s 2%
o [ > a‘-‘: (]
= 0.5 * 2 < 1.0 v I2
: 5= g
= r 057 £
© 0.0- 0.0- 0 T T
x WT1 3'UTR-WT  WT1 3'UTR-MUT miR-149-5p WT1 Normal HCce
(N=35) (N=35)
e °0$P:ﬂ('\ f
o0 o o == miR-NC
.@ﬁo ‘@.\&gt@.‘\b‘g.@.\b‘g' 5 B miR-149-5p 0.6034
W& @ » B miR-149-5p+pcDNA 6- ;’0_'001
1.5+ .

T WT1 “ — - ::,’_ -* miR-149-5p+WT1 N - §

] 1 1 @ 4
S | gapon o — £ 10- o ~ % 5

- > X

[] = o
| wr S S - 5| $32
o] E ’ 74 .
[ £
S |CAPDH SN . - o 0 . . . .

H 0.0- 0.0 0.5 1.0 1.5 2.0

E HuH7 HCCLM3 Relative miR-149-5p expression
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were presented as mean+SEM (n = 3).

had showed that miR-149-5p downregulated the
level of BCL2 and MMP2 and upregulated BAX,
which was abolished by WT1 pDNA transfection
(figure 6f, g). On the other hand, in WT1 over-
expressed cells, miR-149-5p was not able to sig-
nificantly promote autophagy tested by the
Western blots of LC3 II, P62 and Beclin-1
(Figure 6h, i). In summary, miR-149-5p-induced
inhibition of proliferation and induction of apop-
tosis and autophagy was reversed by overexpres-
sion of WT1 in HCC cells.

To better explore the role of WT1 in the regulation
of miR-149-5p on HCC progression, HCC cells were
transfected with miR-149-5p inhibitor and si-WTTI.
The transfection efficiency of si-WT1 was confirmed
by Western blot (Supplementary Figure 4a). The
elevated WT1 expression induced by miR-149-5p
inhibitor was inhibited by si-WT1 (Supplementary
Figure 4b). Besides, miR-149-5p inhibitor promoted
HCC cell invasion ability, which was suppressed by
si-WT1 (Supplementary Figure 4c). Furthermore,
miR-149-5p inhibitor suppressed the apoptosis and
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Figure 7. Circ_0011385-miR149-5p-WT1 axis was validated in HCC cells. Cells were treated as indicated with circ_001385 siRNA
and miR-149-5p inhibitors (si-NC and in-miR-NC were negative control). Representative immuno-blotting image and quantitative
column diagrams of WT1 expression in HuH7 (a) and HCCLM3 (b), GADPH was used as the control. *P < 0.05 versus si-NC, “si-circ
_0011385+ in-miR-NC”, vector and “circ_0011385+ miR-NC" as indicated. Data were presented as mean+SEM (n > 3).

autophagy of HCC cells, which was reversed by si-
WTT1 (Supplementary Figure 4d).

3.7 Validation of circ_0011385/miR-149-5p/WT1
axis.

For the purpose of validating circ_0011385/miR-
149-5p/WT1 axis, HuH7 and HCCLM3 cells were
transfected with circ_0011385 siRNAs or overex-
pression plasmid and miR-149-5p inhibitors or
mimics as indicated. In Figure 7, HCC cells exhib-
ited a down-regulation of the WT1 level after
infected with circ_0011385 siRNA. In addition,
WT1 was significantly increased after cells were
co-transfected with miR-149-5p inhibitors. In con-
trast, the WT1 level was increased by co-
transfection of circ_0011385 overexpression and
decreased by miR149-5p mimics. Therefore, we
confirmed the interaction and function of
circ_0011385, miR-149-5p and WT1.

3.8 Aloin exerted tumor inhibitory effect via
regulating circ_0011385/miR-149-5p/WT1 axis
in vivo

To further investigate the effects of aloin on HCC
progression in vivo, the HuH7 cells with or with-
out shRNA treatment were subcutaneously
injected into the BALB/c nude mice in order to
establish the animal model. As shown in
Figure 8a-b, the average volumes and weight of
tumors were decreased in aloin and ‘aloin+sh-circ
_0011385" groups compared with control and
“aloin+sh-NC” groups, respectively. QRT-PCR
results showed that aloin reduced the expression
of circ_0011385 compared with control, and the
combination of aloin and sh-circ_0011385
decreased circ_0011385 expression compared
with sh-NC+aloin (*p < 0.05), indicating that
circ_0011385 expression in tumor tissue was suc-
cessfully knocked down by sh-circ_0011385
(Figure 8c). However, aloin increased miR-149-
5p expression in tumor tissue compared with
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Figure 8. Aloin exerted tumor inhibitory effect via regulating circ_0011385/miR149-5p/WT1 axis in vivo. The HuH7 cells with
or without shRNA treatment were subcutaneously injected into the left fank of BALB/c nude mice and allowed to grow for 5 weeks,
saline or aloin (40 mg/kg) were given by intraperitoneal injection every day. (a) The tumor volume was measured every 7 days. (b)
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blotting analysis of WT1 expression in tumor tissue. (f) Immunohistochemistry assay of BCL2. (g) Relative expressions of apoptosis-
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control (*p < 0.05), and the combination of aloin
and sh-circ_0011385 further enhanced this trend
(Figure 8d). Additionally, immunoblotting results
suggested that the relative expression of WT1 was
downregulated by aloin, and the relative expres-
sion of WT1 in ‘aloin+sh-circ_0011385" group was
obviously lower than that in “aloin+sh-NC” group
(*p < 0.05, Figure 8e). Consistent with the in vitro
results, aloin decreased BCL2, MMP2 expression,
while increased Bax expression in vivo. Similarly,
aloin increased the expression of autophagy mar-
ker LC3 II and Beclin 1, while it decreased the
level of autophagy substrates p62. Loss of
circ_0011385 enhanced the changes mediated by
aloin (figure 8f, g).

4. Discussion

Aloe, an important medicinal herb, has long been
used in traditional Chinese medicine to treat
a number of diseases without significant adverse
effects. Therefore, their active ingredients may be
safe candidates for the treatment of cancer. In fact,
aloin, one of the primary active ingredients (15%
to 40%), extracted from Aloe barbadensis Miller
leaves [26], has shown anticancer potential. It
was demonstrated that aloin suppressed cell pro-
liferation and induced cell apoptosis in different
human tumor cells such as T cell line Jurkat,
human cervical cancer cell line HeLaS3 and
human lung cancer cell line A549 [27]. Aloin has
also exhibited an anti-HCC effect in HepG2 and
Bel-7402 cells [4]. Aloin has been proven to induce
autophagy and apoptosis accompanied by activa-
tion of PI3K/Akt/mTOR signaling pathway.
Herein, we used another two HCC cell lines
HuH7 and HCCLMS3 for in vitro investigation.
We found that aloin significantly inhibited HuH7
and HCCLM3 proliferation and induced apoptosis
and autophagy. These results were consistent with
the previously reported findings [4,28]. MMPs
were proved to play an important role in tumor
invasion and metastasis [29] Our results showed
that aloin significantly suppressed the protein
expression of MMP-2.

Recent studies reported that dysregulated
circRNAs were involved in tumor progression,
including HCC. According to Cui et al. 3300
circRNAs in HCC were detected using RNA-seq

and found circRNAs were differentially expressed
in HCC tissue compared with the adjacent non-
tumorous liver tissue. Especially, the circPTPRM
was significantly associated with HCC recurrence
and metastasis [30]. Xia et al. has indicated that
circ_0011385 was significantly upregulated in
thyroid cancer, and downregulation of
circ_0011385 suppressed thyroid cancer cell pro-
liferation, migration and invasion and promoted
cell cycle arrest and apoptosis [1] In our study, we
firstly reported circ_0011385 was dramatically
increased in HCC compared with normal tissues
or cells. Besides, aloin treatment suppressed the
expression of cric_0011385, and upregulation of
cric_0011385 could partially abolish the anti-
cancer effects of aloin on HCC. This study reports
for the first time the involvement of cric_0011385
in the regulation of the anti-cancer effect of aloin.

Accumulating evidence indicated that circRNAs
acted as miRNA sponges to participate in tumor
development due to that cricRNAs included
miRNA response elements (MREs) to trap
a particular miRNA. For example, Han et al.
found that circMTO1 promoted the expression of
the tumor suppressor p21 through acting as an
miR-9 sponge and inhibited the proliferation and
invasion of HCC cells [31]. Shi et al. showed that
CircARSPI1 inhibited tumor growth of HCC cells
by regulating the AR/ADAR1/CircARSP91 signal-
ing axis [32]. Zhu et al. revealed that circ_0067934
directly inhibited the ability of miR-1324 to target
FZD5 and downregulated Wnt/-catenin signaling,
thereby promoting HCC progression [33].
Therefore, we speculated that the influence of
circ_0011385 in the anti-cancer effect of aloin on
HCC might be mediated by acting miRNA
sponges. To identify the miRNAs that bind to
circ_0011385, we performed bioinformatics analy-
sis on the starbase database. The results showed
that miR-149-5p contained at least one binding
site for circ_0011385 MRE region. Besides, the
relationship of circ_0011385 and miR-149-5p was
verified by the luciferase reporter and RIP assay.
Furthermore, it was found that miR-149-5p
expression was decreased in HCC and
circ_0011385 modulated miR-149-5p negatively.
These results suggested that circ_0011385 could
function as a miR-149-5p sponge. Moreover, the
reversion effect of circ_0011385 on the anti-cancer



role of aloin in HCC was also partially abolished
by miR-149-5p.

Previously, miR-149-5p has been demonstrated
to function as a tumor suppressor in multiple
malignant tumors. It suppressed cell proliferation
and invasion by targeting FOXM1 in colorectal
cancer [34], GIT1 in breast cancer [35], and
ZBTB2 in gastric cancer [36]. PPMIF has been
verified as a potential target of miR-149-5p in
HCC [37] Therefore, the potential target of miR-
149-5p in HCC was explored. The results showed
that Wilms’ tumor-1 (WT1) was a target of miR-
149-5p, and the expression of WT1 could be nega-
tively regulated by miR-149-5p. WTI1 is
a transcriptional activator of the erythropoietin
gene, which has been found to play an important
role in many human cancers [38]. Wang et al.
reported that WT1 was found to function as an
oncogene in HCC [39]. The upregulation of WT1
was identified in HCC, which predicted poor
prognosis of HCC patients. Cheng and the cow-
orkers showed that miR-361-5p interacted with
WT]I, thereby regulating the progression of HCC
[40]. Therefore, we inferred that WT1 might par-
ticipate in the regulation of miR-149-5p on HCC
progression. Our experiments revealed that miR-
149-5p suppressed HCC cell proliferation, inva-
sion and accelerated apoptosis, and autophagy by
inhibiting WT1 expression. Thus, we hypothesized
that circ_0011385 acted as a sponge of miR-149-
5p, thereby resulting in increased expression of
WT1 in HCC progression, which was subsequently
verified. The WT1 expression was induced by
overexpressed circ_0011385, which was reversed
by increased miR-149-5p in HCCLM3. In contrast,
knockdown of circ_0011385 downregulated WT1
expression, while decreased miR-149-5p reversed
this effect in HuH7 cells.

Consistent with these findings in vitro, the
in vivo experiment further confirmed that the
aloin exerted anti-cancer effect in HCC induced
apoptosis and autophagy in HuH7 xenograft
model. This is highly similar to the previous stu-
dies in HepG2 xenograft mice [27]. Moreover,
silencing circ_0011385 enhanced the tumor-
inhibition effects of aloin. Downregulation of
circ_0011385 strengthened the low WT1 level
and the changes in pro-apoptotic, anti-apoptotic,
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autophagy marker protein levels that were caused
by aloin treatment. Our results suggest that aloin
exerted anti-HCC and induced apoptotic and
autophagy functions via modulating
circ_0011385/miR-149-5p/W'T1 axis.

Previous studies reported that the regulation
mechanism of aloin on cancer progression was
mainly to regulate the activity of signaling path-
ways and apoptosis [4,41,42,43]. For instance,
Wang et al. found that aloin suppressed the
proliferation and migration of gastric cancer
cells by regulating NOX2-ROS-mediated pro-
survival signal pathways [41]. Li et al. showed
that aloin promoted cell apoptosis by regulating
HMGB1-TLR4-ERK axis in human melanoma
cells [42]. Sun et al. revealed that the combina-
tion of aloin and metformin enhanced the anti-
tumor effect by inhibiting the growth and
invasion and inducing apoptosis and autophagy
in hepatocellular carcinoma through PI3K/AKT/
mTOR pathway [4]. However, the effect of non-
coding RNA in the anticancer effect of alion has
not been reported up to now. Thus, this study
reveals for the first time that aloin could exert
anti-cancer function via modulating
circ_0011385/miR-149-5p/WT1 axis.

This study has several limitations. The effect of
aloin on EMT was not studied in this study.
Besides, autophagy has a dual role in cancer as
well as two-tier functions in EMT [33].
Autophagy inhibited EMT via regulation of key
transcription factors in some cancer cells. By con-
trast, it stimulates EMT by regulating the level of
EMT proteins in cancer. Our study only demon-
strated that aloin promoted autophagy. The rela-
tionship of autophagy and EMT in aloin treated
HCC cells remained elusive. Therefore, the effect
of aloin on EMT and the relationship of autophagy
and EMT in aloin treated HCC cells will be inves-
tigated in the next study.

5. Conclusion

Aloin suppressed cancer cell proliferation, inva-
sion and tumor growth and promoted apoptosis
and autophagy in HCC through regulating
circ_0011385/miR-149-5p/WT1 axis. Aloin may
be a potential drug for HCC treatment.
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