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ARTICLE INFO ABSTRACT

Keywords: Hepatocellular carcinoma (HCC) is the most common type of liver malignancy with high rates of recurrence and
Hepatocellular carcinoma mortality worldwide. Unfortunately, effective strategies for the management of HCC are still unsatisfactory. The
Catalpol aim of this investigation is to explore the effects of catalpol on HCC progression and investigated the mechanistic
miR-22-3p functions of catalpol in HCC. Catalpol significantly suppressed cell viability, caused the suppression in colony
?ﬁ:;sion growth, decreased number of invaded and migrated HCC cells, and increased the rates of apoptotic cells and
Migration proportions of HCC cells at Go/G; cell cycle phase. Furthermore, catalpol dramatically up-regulated miR-22-3p

expression in HCC cells, and knockdown of miR-22-3p attenuated the anti-tumor effects of catalpol in HCC.
Additionally, results from luciferase reporter assay demonstrated that miR-22-3p targeted the metastasis asso-
ciated 1 family member 3 (MTA3) 3’untranslated region (3’UTR), and miR-22-3p down-regulated MTA3 ex-
pression in HCC cells. Overexpression of MTA3 enhanced HCC cell proliferative abilities, increased the number
of invasive and migratory HCC cells, and also attenuated the anti-tumor potentials of catalpol in HCC. Catalpol
suppressed HCC tumor growth and increased miR-22-3p expression, while down-regulated MTA3 expression in
dissected tumor tissues from xenograft nude mice. Collectively, our results for the first time revealed the anti-
tumor potentials of catalpol in HCC, and the anti-tumor effects mediated by catalpol were via modulating the
miR-22-3p/MTA3 axis in HCC.

1. Introduction

Hepatocellular carcinoma (HCC) has high rates of recurrence and
mortality and is the most common type of liver malignancy worldwide
(Khemlina et al., 2017). HCC caused > 0.6 million death annually with
the highest rates of death in eastern and south-eastern Asia (Clark et al.,
2015). Multiple factors including alcohol consumption, hepatic toxins,
infections with hepatitis viruses, genetic modification are found to be
important contributors for the pathogenesis of HCC (Forner et al.,
2012). Early stage HCC can be treated by curative surgery or liver
transplantation (Ozer Etik et al., 2017), however, for the advanced
stage HCC, the therapeutic strategies are far from satisfactory due to the
tumor recurrence and disease relapse after therapy as well as drug re-
sistance (Grandhi et al., 2016). In this regard, it is urgent for the sci-
entists to find novel compounds with anti-tumor activities for the de-
velopment of better therapies for HCC.

Catalpol can be extracted from the fresh root of Rehmannia glutinosa
and is a type of iridoid glycoside compound (Wang and Zhan-Sheng,
2018). The pharmacological activities of catalpol including anti-tumor,

anti-inflammatory actions as well as hypoglycaemic activities were
identified by previous studies (Li et al., 2014; Zheng et al., 2017). The
anti-tumor potentials of catalpol have been demonstrated in various
tumor malignancies including colon cancer, breast cancer, gastric
cancer, osteosarcoma, ovarian cancer, lung cancer and bladder cancer,
and various molecular mechanisms underlying the anti-tumor effects of
catalpol have been proposed (Gao et al., 2014; Jin et al., 2015; Liu
et al., 2015; Liu et al., 2017; Wang and Xue, 2018; Wang et al., 2018b;
Wang and Zhan-Sheng, 2018; Zhu et al., 2017). However, as far as we
know, the anti-tumor potentials of catalpol in HCC have not been in-
vestigated yet.

MicroRNAs (miRNAs) belong to a type of short non-coding RNAs
with ~22 nucleotides, and miRNAs exerted its functions via targeting
the 3’ untranslated region (3'UTR) of the genes, which subsequently
causes repression of targeted genes (Xu et al., 2018). MiRNAs are found
to involve in diverse biological processes particularly in the cancer
progression. A large number of miRNAs such as miR-22-3p, let-7a, miR-
26a, miR-125b, miR-155, miR-10a, miR-221 and miR-224 has be
identified for their essential roles in the regulation of HCC progression
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(Morishita and Masaki, 2015).

In our experiments, we evaluated the anti-tumor potentials of cat-
alpol in the HCC cell lines, and further explored the molecular me-
chanisms underlying catalpol-mediated anti-tumor effects in HCC. Our
results identified miR-22-3p/metastasis associated 1 family member 3
(MTAB3) axis as one of the important signalling pathways in mediating
the anti-tumor potentials of catalpol in HCC. Our investigations may
provide novel understandings about the anti-tumor actions of catalpol
in HCC.

2. Materials and methods
2.1. Cell lines and cell culture

HCC cell lines including Huh7 and HCCLMS3 cells (Cell Bank of
Chinese Academy Sciences, Shanghai, China) were kept in the
Dulbecco's Modified Eagle's Medium (DMEM; Sigma, St. Louis, USA)
with 10% fetal bovine serum (FBS; Gibco, Carlsbad, USA). The Huh7
and HCCLM3 cells kept in a humidified cell culture incubator supplying
with 5% CO, gas at 37 °C.

2.2. MiRNAEs, vectors, cell transfections and catalpol treatments

The miRNA mimics for miR-22-3p, the negative control (NC) for
miR-22-3p mimics, the inhibitors for miR-22-3p (anti-miR-22-3p) and
the inhibitors NC (anti-miR NC) were obtained from Ribobio
(Guangzhou, China). The control pcDNA3.1 vector as well as the MTA3-
overexpressing vectors (pcDNA3.1-MTA3) were constructed by
GenePharma (Shanghai, China). HCC cell transfections for miRNAs and
vectors were carried using the Lipofectamine 2000 reagent complying
with manufacturer's manual (Invitrogen, Carlsbad, USA). For the cat-
alpol (Sigma, St. Louis, USA) treatments, HCC cells were treated by
increased concentrations (2.5, 5, 10, 20, 50 and 100 uM) of catalpol for
24, 48 and 72 h, respectively.

2.3. Isolation of RNA and gene expression as determined by quantitative
real-time PCR (qRT-PCR)

Total RNA isolation from HCC cells and dissected tumors was car-
ried out using TRIzol reagent (Invitrogen). cDNA was obtained from
reversely transcribed RNA by using the M-MLV reverse transcriptase
(Invitrogen). Applied Biosystems 7900 Real-time PCR system (Applied
Biosystems, Foster City, USA) was used perform the real-time PCR re-
actions by using SYBR Premix EX Taq™ II kit (Takara, Dalian, China) in
an. The relative expressions of miRNAs and MTA3 mRNA were calcu-
lated by following the comparative threshold temperature method. U6
and glyceraldehyde 3-phosphate dehydrogenase were served as internal
controls for miRNAs and MTA3, respectively. The primers were pro-
vided in Supplemental Table S1.

2.4. Western blot

Proteins isolation from cells were performed using RIPA lysis buffer
(Sigma). The extracted proteins were separated by the 10% sodium
dodecyl sulfate polyacrylamide gel electrophoresis, and then the pro-
teins were transferred to a polyvinylidene fluoride (PVDF) membrane.
The PVDF membrane was then incubated with 5% non-fat milk in
phosphate buffered saline with Tween 20 (PBST) at room temperature
for 1h before the membranes being incubated with antibodies for
MTA3 (Cell Signalling Technology, Danvers, USA) and B-actin (Cell
Signalling Technology) overnight at 4 °C. Then the PVDF membrane
were washed with PBST for 3 times followed by incubating the corre-
sponding secondary antibodies with horseradish peroxidase-conjuga-
tion at room temperature for the duration of 2h, and the enhanced
chemiluminescence substrate kit was used to detect the bands (Bio-Rad,
Hercules, USA).
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2.5. Cell viability as detected by MTT assay

The cell viability of Huh7 and HCCLMS3 cells were evaluated by the
MTT assay. Briefly, the treated cells (Huh7 and HCCLM3 cells) were
treated with 5 mg/ml MTT (20 pl) at 37 °C for a duration of 4 h followed
by dissolving the formazan with100ul of dimethyl sulfoxide. The cell
viability was assessed by measuring the optical density values at
570 nm wavelength with a microplate reader.

2.6. Cell growth as detected by colony formation assay

The cell growth of Huh7 and HCCLM3 cells was assessed by colony
formation assay. Briefly, the treated Huh7 and HCCLM3 cells were seed
onto the petri dish at a 300 cells/dish with 2 ml of culture media, and
the Huh7 and HCCLMS3 cells were further cultured at 37 °C with 5% CO,,
for 2 weeks. The fixation of colonies was performed by incubating with
paraformaldehyde (4% in phosphate buffered saline) for a duration of
15min followed by staining with 0.1% gentian violet at room tem-
perature for a duration of 10 min, and the number of the stained co-
lonies was determined under a microscope.

2.7. Cell invasion and migration as detectedTranswell invasion and
migration assays

Cell invasive and migratory abilities of Huh7 and HCCLMS3 cells
were carried by using the Transwell system (Corning Costar, Lowell,
USA). Briefly, treated Huh7 and HCCLM3 cells (treatment with catalpol
for 48 h or transfection with different oligonucleotides) were plated on
the upper side of the transwell inserts (polycarbonate membrane in
8 um pore size) with Matrigel-coated (for invasion assays) or without
Matrigel (for migration assays) in the top chamber, and the top
chamber was added with DMEM without FBS, while DMEM medium
supplied with 10% FBS was filled into the bottom chamber. The Huh7
and HCCLM3 cells were incubated in the upper chamber for 24h at
37 °C. The clean cotton swabs were used to wipe the non-invasive or
non-migrated cells from the top chamber, and the fixation of invaded
and migrated cells on the bottom chamber surface were performed by
incubating with paraformaldehyde (4% in phosphate buffered saline)
for a duration of 15 min followed by staining with 0.1% gentian violet
at room temperature for a duration of 10 min. The number of invaded
and migrated cells were evaluated using a light microscope in five
randomly selected fields.

2.8. Flow cytometry to determine cell apoptosis and cell cycle

The cell apoptotic rates of Huh7 and HCCLM3 cells were determined
by using Cell Apoptosis Detection Kit (BD Biosciences, Franklin Lakes,
USA). Briefly, the treated cells (Huh7 and HCCLMS3 cells) were collected
and washed twice with phosphate buffered saline followed by re-sus-
pending in binding buffer. After that, the cells were incubated with
Annexin V-FITC and propidium iodide solutions at room temperature
for a duration of 15min in the dark, and apoptotic rates of Huh7 and
HCCLMS3 cells were determined on a FACS Calibur system (BD
Biosciences).

For the determination of cell cycle, treated Huh7 and HCCLM3 cells
were trypsinized and washed with ice-cold phosphate buffered saline
twice and then Huh7 and HCCLMS3 cells were further incubated with
cell cycle staining buffer containing propidium iodide (BD Biosciences)
at room temperature for a duration of 30 min. After that, cells were
sorted and evaluated on a FACS Calibur flow cytometer (BD
Biosciences).

2.9. Luciferase reporter assay

We constructed luciferase reporter vectors by inserting MTA3 3'UTR
segments (wild type or mutant) into the pmirGLO reporter plasmids
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(Promega, Madison, USA). For the luciferase reporter activity de-
termination, HCCLM3 cells were co-transfected with miRNAs (mimics
NC or miR-22-3p mimics) and luciferase reporter vectors (containing
wild type MTA3 3'UTR or MTA 3’UTR with point mutations). Forty-
eighth later, Dual-Luciferase reporter system (Promega) was employed
to measure the relative luciferase activity by following the manufac-
turer's instructions.

2.10. In vivo nude mice model for HCC tumor growth

The 5-week-old male nude mice were obtained from Henan
Laboratory Animal Center (Zhengzhou, China). All the animal experi-
mental procedures were under the approval from the Ethics Committee
for Animal Experiments of Henan University of Chinese medicine.
Briefly, 1 x 10° HCCLMS3 cells were administered subcutaneously into
the dorsal flanks of the mice. The tumor-bearing nude mice were ran-
domly orally administered with vehicle or different doses (10 mg/kg,
20 mg/kg or 50 mg/kg) of catalpol every day for 30days, and de-
termination of tumor volume was carried out every 5 days. The tumor
volume was determined by the following formula: 0.5 (L X L X H; L:
the long diameter; H: the height of the tumor). At 30 days after tumor
cells inoculation, overdose of pentobarbitone was used to sacrifice the
mice, and tumor tissues were weighed and collected for qRT-PCR
analysis.

2.11. Statistical analysis

GraphPad Prism 7.0 version (GraphPad Software, La Jolla, USA)
was used to do graph plotting and statistical analysis. Data were pre-
sented as mean * standard deviation. The data were analysed using
one-way analysis of variance with Turkey's post-hoc tests or unpaired
Student's t-test based on group number. A P value of < 0.05 was defined
as statistically significant.

3. Results

3.1. Catalpol suppressed cell viability in HCC cells in concentration- and
time-dependent manners

To determine anti-tumor potentials of catalpol in the HCC, we
treated the HCC cell lines (Huh7 and HCCLM3) with increased con-
centrations of catalpol for different durations, respectively. As shown in
Fig. 1A, Huh7 received treatments with catalpol (2.5, 5, 10, 20, 50 and
100 uM) for 24, 48 and 72 h showed marked reduction of cell viability
of Huh7 and HCMML2 cells and the effects were concentration- and
time-dependent, and catalpol at 50 uM concentration for the above time
durations caused > 50% reduction of cell viability of Huh7 cells.

Huh?
EN 24h BE 48h EE 72h

) >

g
= 1001 *
*
= T
o * *
(1] *
g N
= 50- Tx . o
S [ Wg

Catalpol (M)

Experimental and Molecular Pathology 109 (2019) 51-60

Consistently, the inhibitory effect of catalpol on the cell viability of
HCCLM3 was concentration- and time-dependent (Fig. 1B). As catalplol
at 50 UM treatment for 48 h got > 50% reduction of cell viability in
Huh7 and HCCLM3 cells, we selected 50 uM with 48 h treatment for
further in vitro functional assays.

3.2. Catalpol inhibited cell proliferative, invasive and migratory abilities of
Huh7 and HLCCM2 cells

To illustrate the effects of catalpol on the HCC progression, we de-
termined the effects of catalpol on the cell proliferative, cell invasive
and migratory abilities of Huh7 and HCCLM3 cells by using different
functional in vitro assays. Fig. 2A and B demonstrated that catalpol
(50 uM) for 48 h treatment obviously reduced the colony number in
both Huh7 and HCCLMS3 cells when compared to vehicle group (Fig. 2A
and B). Additionally, Huh7 and HCCLMS3 cells received catalpol
(50 uM) treatment for 48 h showed a reduced invasive capacity when
compared to vehicle group (Fig. 2C and D). Consistently, the transwell
migration assay also showed catalpol (50 uM) with treatment duration
of 48h caused a reduction in the migrated Huh7 and HCCLM3 cell
number (Fig. 2E and F). Collectively, these data indicated that catalpol
had the inhibitory actions on the HCC cell proliferative, invasive and
migratory abilities.

3.3. Catalpol increased cell apoptotic rates and cell proportions at GO/G1
phase of Huh7 and HCLMM2 cells

The effects of catalpol on the cell apoptotic rates and cell cycle of
HCC cells were further evaluated by the flow cytometry analysis.
Fig. 3A and B showed that catalpol (50 uM) treatment for 48h sig-
nificantly induced cell apoptosis, where the cell apoptotic rates of Huh7
and HCCLM3 cells increased to > 30% after catalpol treatment. In ad-
dition, catalpol (50 uM) treatment for 48 h increased cell number atGy/
G; cell cycle and decreased cell number at S cycle cell in both Huh7 and
HCCLMS cells (Fig. 3C and D). Taken together, the flow cytometry re-
sults implied that catalpol increased cell apoptotic rates and cell pro-
portions at GO/G1 phase of Huh7 and HCLMM2 cells.

3.4. The inhibitory effects of catalpol-mediated cell proliferative, invasive
and migratory abilities of HCC cells were via up-regulating miR-22-3p

As miRNAs have been implicated for their important roles in HCC
progression, we determined the actions of catalpol (50 uM) on the ex-
pression of the miRNAs including miR-22-3p, let-7a, miR-26a, miR-
125b, miR-155, miR-10a, miR-221 and miR-224 in Huh7 and HCCLM3
cells. Catalpol (50 uM) treatment significantly up-regulated the ex-
pression levels of miR-22-3p and let-7a, and the expression level of
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Fig. 1. Catalpol suppressed cell viability in HCC cells. (A) The cell viability of Huh7 cells was examined by MTT assay, cells were treated with different concentrations
of catalpol (2.5, 5, 10, 20, 50 and 100 uM) for 24, 48 and 72 h, respectively. (B) The cell viability of HCCLM3 cells was examined by MTT assay, cells were treated
with different concentrations of catalpol (2.5, 5, 10, 20, 50 and 100 uM) for 24, 48 and 72h, respectively. N = 3; *P < .05 versus the respective vehicle groups.
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Fig. 2. Catalpol inhibited cell proliferation, invasion and migration of HCC cells. (A and B) The cell proliferation of Huh7 and HCCLM3 was determined by colony
formation assay. Cells were treated with vehicle or catalpol (50 uM) for 48 h. (C and D) The cell invasion of Huh7 and HCCLM3 cells was determined by transwell cell
invasion assay. Cells were treated with vehicle or catalpol (50 uM) for 48 h. (E and F) The cell migration of Huh7 and HCCLM cells was determined by transwell
migration assay. Cells were treated with vehicle or catalpol (50 uM) for 48h. N = 3; *P < .05 and **P < .01 versus the vehicle group.

miR-22-3p was elevated by around 5 fold after catalpol treatment in
Huh7 and HCCLM3 cells; while other miRNAs expression levels were
not affected (Fig. 4A and B). Furthermore, we examined if the miR-22-
3p mediated the suppressive effects of catalpol on the cell proliferative,
invasive and migratory abilities of Huh7 and HCCLMS3 cells. Huh7 and
HCCLMS cells were first transfected by anti-miR-22-3p or anti-miR NC,
and 24h post-transfection, the cells were treatment with catalpol
(50 uM) for 48 h, and then the cell proliferative, cell invasive and mi-
gratory abilities were evaluated by different functional in vitro assays,
respectively. Transfection with anti-miR-22-3p significantly suppressed
the miR-22-3p expression in Huh7 and HCCLM3 cells when compared
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to anti-miR NC group (Fig. 4C and D). The functional in vitro assays
revealed that inhibition of miR-22-3p by transfecting HCC cells with
anti-miR-22-3p partially reversed the suppressive effects of catalpol
treatment on the cell proliferative, cell invasive and migratory abilities
of Huh7 and HCCLM3 cells (Fig. 4E-4L).

3.5. MiR-22-3p directly targeted MTA3 3'UTR

Due to the fact that miRNA targeted the 3’UTR of corresponding
genes to regulate the gene expression levels, the bioinformatics analysis
(online targetscan prediction tool) was further performed to determine
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Fig. 3. Catalpol induced cell apoptosis and cell cycle arrest at Go/G; phase of HCC cells. (A and B) The cell apoptosis of Huh7 and HCCLM3 was determined by flow
cytometry. Cells were treated with vehicle or catalpol (50 pM) for 48 h. (C and D) The cell cycle of Huh7 and HCCLM3 was determined by flow cytometry. Cells were
treated with vehicle or catalpol (50 uM) for 48 h. PI = propidium iodide. N = 3; *P < .05 and **P < .01 versus the vehicle group.

the potential targets of miR-22-3p, and among all the predicted targets
of miR-22-3p, MTA3 was further selected for its documented role in
cancer cell metastasis. In order to verify the physical interaction be-
tween MTA3 3’UTR and miR-22-3p, the reporter vectors containing
either wild type MTA3 3'UTR or MTA3 3’UTR with point mutations
were constructed (Fig. 5A). Treatment with miR-22-3p mimics mark-
edly attenuated the luciferase activity of wild type vectors, but not the
one of the mutant vectors in HCCLM3 cells (Fig. 5B and C). In addition,
overexpression of miR-22-3p also significantly suppressed the mRNA
and protein expression levels of MTA3 in HCCLMS3 cells (Fig. 5D and E).
Furthermore, overexpression of MTA3 was performed by transfecting
HCCLMS3 cells with pcDNA3.1-MTA3 (a constructed MTA3 over-
expressing pcDNA3.1 vector; Fig. 5F and G), and MTA3 overexpression
partly restored the suppressive actions of miR-22-3p overexpression on
the MTA3 expression in HCCLM3 cells (Fig. 5H and I).

3.6. Catalpol inhibited cell proliferative, invasive and migratory of HCC
cells via suppressing MTA3 expression

Catalpol (50 pM) with treatment for 48 h markedly down-regulated
the MTA3 expression in HCCLM3 cells (Fig. 6A and B). To explore the
mechanisms of MTA in mediating the tumor-suppressive actions of
catalpol, we transfected the HCCLM3 cells with MTA3-overexpressing
vector (pcDNA3.1-MTA3), and at 24 h after transfection, HCCLM3 cells
received catalpol (50 pM) for 48h treatment followed by different in
vitro functional assays. As shown in Fig. 6C-6F, overexpression of MTA3
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significantly increased the cell proliferative, cell invasive and migratory
abilities of HCCLM3 cells, and the inhibitory actions of catalpol treat-
ment on the cell viability, cell growth, cell invasion and migration of
HCCLM3 were also partially reversed by MTA3 overexpression (Fig. 6C-
6F).

3.7. Catalpol exerted inhibitory effects on the tumor growth in the xenograft
mice model

The xenograft nude mice model was used to evaluate the in vivo
anti-tumor potentials of catalpol, and the xenograft nude mice were
treated with different doses of catalpol. The tumor volume was mon-
itored every 5days for 30days, and as shown in Fig. 7A, catalpol
treatment dose-dependently reduced the tumor volume (Fig. 7A). In
addition, the weight of the dissected tumor was also significantly re-
duced in the catalpol groups when compared to vehicle group (Fig. 7B).
Additionally, analysis of miR-22-3p and MTA mRNA expression levels
in dissected tumor tissues showed that catalpol treatment also dose-
dependently increased the miR-22-3p expression level (Fig. 7C), while
decreased the MTA3 mRNA expression level (Fig. 7D).

4. Discussion

Due to the difficulties in early diagnosis and poor prognosis of HCC
patients with advanced HCC, HCC continues to have an extremely high
death rate and management of HCC is rather complex compared to
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Fig. 4. Catalpol inhibited cell proliferation, invasion and migration of HCC cells via up-regulating miR-22-3p. (A and B) The expression levels of miRNAs in Huh7 and
HCCLMS3 cells were determined by qRT-PCR assay, cells were treated with vehicle or catalpol (50 uM) for 48h. (C and D) The expression of miR-22-3p were
determined by qRT-PCR assay in Huh7 and HCCLM3 cells at 24 h after transfection with anti-miR NC or anti-miR-22-3p. (E and F) The cell viability of Huh7 and
HCCLMS3 cells was determined by MTT assay. Cells were transfected with anti-miR NC or anti-miR-22-3p, and at 24 h after transfection, cells were treated with
vehicle or catalpol (50 M) for 48 h. (G-H) The cell growth of Huh7 and HCCLMS3 cells was determined by colony formation assay. Cells were transfected with anti-
miR NC or anti-miR-22-3p, and at 24 h after transfection. Cells were treated with vehicle or catalpol (50 uM) for 48 h. (I and J) The cell invasion of Huh7 and
HCCLMS3 cells measured by transwell cell invasion assay. Cells were transfected with anti-miR NC or anti-miR-22-3p, and at 24 h after transfection, cells were treated
with vehicle or catalpol (50 pM) for 48 h. (K and L) The cell migration of Huh7 and HCCLM3 cells measured by transwell cell migration assay. Cells were transfected
with anti-miR NC or anti-miR-22-3p, and at 24 h after transfection, cells were treated with vehicle or catalpol (50 uM) for 48h. N = 3; *P < .05, **P < .01 and

***p < .001.

other malignancy. Recently, agents found in natural compounds have
ben identified to possess anti-tumor potentials in HCC. In the current
investigations, we evaluated the tumor-suppressive potentials of cat-
alpol in HCC, and we found that catalpol concentration- and time-de-
pendently suppressed the cell viability of HCC cells. Further functional
assays showed that catalpol suppressed cell growth, cell invasive and
migratory abilities, increased the rates of apoptotic cells and propor-
tions of HCC cells at Go/G; cell cycle phase. In addition, the mechanistic
studies also showed that catalpol induced the up-regulation of miR-22-
3p in HCC cells and the inhibitory effects of catalpol in HCC cell pro-
gression was mediated via miR-22-3p. Furthermore, miR-22-3p

negatively regulated MTA3 expression in HCC cells, and miR-22-3p/
MTAS3 axis was demonstrated to involve in the anti-tumor actions of
catalpol in HCC.

The anti-tumor mechanisms of catalpol have been implicated in
several lines of studies in different types of cancers. Jin et al., demon-
strated that catalpol suppressed cell proliferative ability of bladder
cancer by increased cell apoptotic via inactivation of Akt-regulated
anti-apoptotic pathway (Jin et al., 2015). Catalpol showed its anti-
tumor effects in colorectal cancer via suppressing tumor angiogenesis
and alleviating inflammation (Zhu et al., 2017). Wang et al., reported
that catalpol suppressed cell proliferative ability via suppressing
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Fig. 5. MiR-22-3p directly targeted 3’UTR of MTA3. (A) The predicted binding sites between miR-22-3p and 3'UTR of MTA3; and pink nucleotides were the mutated
sites. (B) HCCLMS3 cells were transfected with mimics NC or miR-22-3p mimics, and at 24 h after transfection, the expression level of miR-22-3p was determined by
qRT-PCR. (C) HCCLM3 cells were co-transfected with miRNAs oligos (mimics NC or miR-22-3p mimics) and luciferase reporter vectors (containing wild type or
mutant 3'UTR of MTA3), and at 24 h after transfection, the luciferase activity was determined by the dual luciferase report system. (D and E) HCCLM3 cells were
transfected with mimics NC or miR-22-3p mimics, and at 24 h after transfection, the mRNA and protein expression levels of MTA3 were determined by qRT-PCR and
western blot, respectively. (F and G) HCCLM3 cells were transfected with pcDNA3.1 or pcDNA3.1-MTA3, and at 24 h after transfection, the mRNA and protein
expression levels of MTA3 were determined by qRT-PCR and western blot, respectively. (H and I) HCCLM3 cells were co-transfected with mimics NC + pcDNA3.1,
miR-22-3p mimics + pcDNA3.1 or miR-22-3p mimics + pcDNA3.1-MTA3, at 24h after transfection, the mRNA and protein expression levels of MTA3 were
determined by qRT-PCR and western blot, respectively. N = 3; **P < .05 and ***P < .001. (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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Fig. 6. Catalpol inhibited cell proliferation, invasion and mi-
gration of HCC cells via suppressing MTA3. (A and B)
HCCLMS3 cells were treated with vehicle or catalpol (50 uM)
for 48h, and the mRNA and protein expression levels of
MTA3 were determined by qRT-PCR and western blot, re-
spectively. (C—F) HCCLM3 cells were transfected with
pcDNA3.1 or pcDNA3.1-MTA3, and at 24 h after transfection,
HCCLMS3 cells were treated with vehicle or catalpol (50 uM)
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epithelial-mesenchymal transition (EMT) and promoting apoptosis in
osteosarcoma (Wang and Xue, 2018). In the lung cancer studies, cat-
alpol suppressed-induced EMT induced by TGF-B1 via suppressing
Smad2/3 and NF-xB signalling (Li et al., 2018). Consistently, our ex-
perimental data revealed that catalpol treatment suppressed the sup-
pressed cell growth, cell invasive and migratory abilities, increased the
rates of apoptotic cells and proportions of HCC cells at Go/G; cell cycle
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phase in the HCC cell lines. In addition, catalpol treatment also sup-
pressed in vivo tumor growth of the xenograft mice. Taken together,
these results indicated that catalpol exerted tumor-suppressive effects
on the HCC cells.

To further explore the potential molecular mechanisms regarding
the tumor-suppressive actions of catalpol in HCC. We assessed the ef-
fects of catalpol on the expression of the miRNAs that have been
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Fig. 7. Catalpol inhibited in vivo tumor growth in the xenograft mice model. (A) The tumor volume in the xenograft mice received different doses of catalpol
treatment was determined very 5 days for 30 days. (B) The weight of the dissected tumors from the xenograft mice with different doses of catalpol treatments was
determined. (C-D) The miR-22-3p expression and MTA mRNA expression in the dissected tumor tissues were determined by qRT-PCR assay. N = 5; *P < .05 and

**P < .01 versus the vehicle group.

reported in regulating progression of HCC, and we identified miR-22-3p
as the most regulated miRNA. In this regard, miR-22-3p was selected for
further investigation. Based on the previous studies, miR-22-3p was
identified to exert tumor-suppressive actions in various types of cancer
including thyroid cancer, retinoblastoma, pancreatic cancer, HCC,
cervical cancer and gastric cancer (Chen et al.,, 2016; Huang et al.,
2018; Hussein et al., 2017; Liu et al., 2018; Lv et al., 2018; Wang et al.,
2018a). As miR-22-3p suppressed HCC cell proliferative ability, the
actions of catalpol treatment on HCC cell proliferative, cell invasive and
migratory abilities under the condition of miR-22-3p knockdown were
determined. MiR-22-3p knockdown attenuated the inhibitory effects of
catalpol on HCC cell progression, suggesting that the tumor-suppressive
effects of catalpol in HCC may be mediated via up-regulating miR-22-3p
overexpression.

As miRNAs regulate gene expression via targeting the corresponding
gene's 3'UTR, bioinformatics prediction was carried out to explore po-
tential downstream targets of miR-22-3p. Among the predicted targets,
MTA3 was further selected for investigation, as MTA3 has been de-
monstrated to promote cancer cell proliferation in various cancers such
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as clear-cell renal carcinoma (Ding et al., 2017), colorectal cancer (Jiao
et al., 2017), breast cancer (Si et al., 2015) and lung cancer (Li et al.,
2013). MTA3 is a member of the small protein family (Li et al., 2013).
In the HCC, studies have shown that overexpression of MTA3 correlated
with poor prognosis and advanced tumor progression in HCC (Wang
et al., 2017), suggesting the oncogenic role of MTA3 in HCC. In our
current investigations, we showed that MTA3 overexpression promoted
cell proliferative, cell invasive and migratory abilities of HCC cells, and
also attenuated the anti-tumor potentials of catalpol. All in all, these
experimental results indicated that catalpol exerted its tumor-suppres-
sive actions in HCC via repressing MTA3 expression.

5. Conclusions

In summary, our experimental data for the first time revealed the
anti-tumor effects of catalpol in HCC, and the anti-tumor actions of
catalpol were via regulating the miR-22-3p/MTAS3 axis in HCC. These
findings may imply that catalpol could represent a potential candidate
to suppress human HCC progression.
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