Experimental and Molecular Pathology 106 (2019) 34-43

journal homepage: www.elsevier.com/locate/yexmp

Contents lists available at ScienceDirect

Experimental and Molecular Pathology

xperimental
and Molecular
Pathology

miR-122 enhances sensitivity of hepatocellular carcinoma to oxaliplatin via @ M)

Check for

inhibiting MDR1 by targeting Wnt/[3-catenin pathway

Fei Cao?, Li-Xue Yin®™*

#School of Medicine, University of Electronic Science and Technology of China, Chengdu 610054, P.R. China
b Key Laboratory of Ultrasonic Cardiac Electrophysiology and Biomechanics of Sichuan Province, Department of Cardiovascular Ultrasound and Non-invasive Cardiology,
Sichuan Academy of Medical Sciences & Sichuan Provincial People's Hospital, Chengdu 610072, P.R. China

ARTICLE INFO ABSTRACT

Keywords: Background: Hepatocellular carcinoma (HCC) is one of the primary causes of cancer-related death and resistance
HCC, miR-122 to cytotoxic chemotherapy is the major cause of mortality in HCC patients. miR-122 is a liver specific miRNA and
Chemosensitivity is found to be reduced in HCC, however, the function of miR-122 in HCC chemosensitivity remains elusive.
Oxaliplatin

Methods: We used qRT-PCR to measure expressions of miR-122, 3-catenin and MDR1 in four HCC cell lines. And
we assessed the effects of miR-122 or B-catenin on cell viability and apoptosis upon oxaliplatin (OXA) treatment
by MTT assay and flow cytometry. In addition, we validated the interactions of miR-122/B-catenin and f-
catenin/MDR1 by dual luciferase reporter assay and chromatin immunoprecipitation (ChIP). Western blotting
was used to determine the protein levels of B-catenin, Wntl and MDRI1. In the end, we verified the anti-tumor
effect of miR-122 in vivo by using mouse tumor xenograft model.

Results: We found that miR-122 was down-regulated in HCC cells. Up-regulation of miR-122 or inhibition of
Wnt/B-catenin signaling promoted HCC cells apoptosis and increased the sensitivity of HCC cells to OXA. On the
molecular level, we showed that miR-122 directly targeted and suppressed Wnt/[3-catenin pathway while f-
catenin bound with MDR1 promoter and activated its transcription. Overexpression of miR-122 inhibited MDR1
expression via directly suppressing Wnt/[3-catenin pathway.

Conclusion: Our study fully demonstrated that miR-122 inhibits MDR1 expression via suppression of Wnt/f3-
catenin pathway, thereby enhancing HCC sensitivity to OXA. Therefore, miR-122 could serve as a novel potential
therapeutic target for HCC.

Wnt/B-catenin signaling pathway

1. Introduction

Hepatocellular carcinoma (HCC) is among the major causes of
cancer-related mortality, accounting for nearly 90% of total liver cancer
burden (Finn, 2013; Daher et al., 2018). Owing to the difficulty of di-
agnosing the disease at early stages, most patients are diagnosed at late
stages, when surgical resection is not feasible. Transcatheter arterial
chemoembolization (TACE) or systemic chemotherapy is the main
treatment for patients at advanced stages, but drug resistance is a big
obstacle in further improving the postoperative outcome of HCC pa-
tients (Daher et al., 2018). As a result, the prognosis of HCC remains
very poor. Understanding the underlying molecular mechanisms could
help develop more effective pharmacological therapies.

Oxaliplatin (OXA) is the third-generation platinum analog, which is
a cell cycle non-specific drug (Qin et al., 2013). It can covalently bind

DNA and block DNA replication and transcription. OXA has been shown
to have significant anti-cancer activities against many tumor cell lines,
such as gastric, breast, renal, colorectal carcinomas and sarcomas, and
it is the most effective chemotherapy drug for advanced HCC patients at
present (Le Grazie et al., 2017; Kou et al., 2017). However, only 8.15%
to 15.6% patients are sensitive to OXA, and the occurrence of che-
moresistance is a huge obstacle in HCC treatment (Qin et al., 2014).
Therefore, there is clear need to understand the mechanisms of che-
motherapeutic resistance in HCC. Overexpression of P-glycoprotein (P-
gp) is highly associated with acquired and/or intrinsic drug resistance
in many tumors including HCC (Shukla et al., 2011; Tiwari et al., 2011).
P-gp is encoded by the MDR1 gene (multidrug resistance receptor 1)
and acts as an ATP-binding cassette (ABC) transporter. P-gp has been
shown actively involved in the efflux of antineoplastic agents from
cancer cells (Ambudkar et al., 2003). Nevertheless, the complex
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Fig. 1. miR-122 was down-regulated and MDR1 was up-regulated in HCC cells. qRT-PCR analysis of miR-122(A) and MDR1 (B) levels in HCC cells. (C) Western blot
analysis of MDR1 in HCC cells. (D) Quantification of MDR1 expression in HCC cells. GAPDH was used as a loading control. All the results were shown as mean + SD
(n = 3), which were three separate experiments performed in triplicate. *p < .05 and **p < .01.

mechanisms underlying the effects exerted by this protein has not been
fully elucidated.

MicroRNAs (miRNAs) are a class of endogenous, small and non-
coding RNAs (19-25 nucleotides) (Moran et al., 2017). They negatively
regulate gene expression by binding the 3’-untranslated region (3’-UTR)
of target messenger RNAs (mRNAs), resulting in mRNA degradation or
inhibition of translation. miRNAs play critical roles in regulating mul-
tiple cellular processes such as differentiation, proliferation, chemore-
sistance and metastasis (Mishra, 2012). As a liver-specific miRNA, miR-
122 has been shown to play critical roles in regulating hepatocyte de-
velopment, differentiation and cholesterol metabolism (Bandiera et al.,
2015). In HCC tissues, it was reported that miR-122 expression was
greatly reduced and the down-regulation of miR-122 has been asso-
ciated with HCC development and progression (Morita et al., 2011;
Coulouarn et al., 2009). Also, increasing evidence indicates that miR-
122 regulates the chemosensitivity of HCC cells. Deletion of miR-122
could promote epithelial-mesenchymal transition (EMT) and HCC for-
mation. Furthermore, ectopic expression of miR-122 in HepG2 and
Hep3B cells could increase these cells' sensitivity to doxorubicin and
sorafenib (Fornari et al., 2009; Bai et al., 2009). Nevertheless, the exact
role of miR-122 in HCC and OXA resistance is not yet fully understood.
Previous studies suggested that miR-122 could directly target Wnt/[3-
catenin pathway (Xu et al., 2012), and it is known that the Wnt/[3-
catenin signaling pathway plays a crucial role in tumor development,
including regulating MDR1 expression (Grainger & Willert, 2018; Liu
et al., 2016). We thus hypothesized that miR-122 regulates the che-
mosensitivity of HCC through modulating Wnt/p-catenin pathway,
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thereby affecting MDR1 expression.

In this study, we investigated the role of miR-122 in HCC. We found
that miR-122 was down-regulated and Wnt/B-catenin pathway was
activated in HCC. Moreover, overexpression of miR-122 and inhibition
of Wnt/[-catenin signaling could repress HCC cell proliferation, pro-
mote cell apoptosis, enhance HCC cells' sensitivity to OXA and inhibit
tumor growth in vivo. Mechanistically, we identified Wnt/}-catenin
pathway as the downstream target of miR-122. Through directly in-
hibiting Wnt/B-catenin signaling pathway, miR-122 down-regulated
MDR1 expression, thereby restoring chemotherapeutic sensitivity of
HCC cells. Altogether, our data showed that miR-122 plays a key role in
the regulation of HCC chemoresistance, which might be a promising
target for future therapy development.

2. Material and methods
2.1. Cell culture and treatment

Human liver cancer cell lines (HepG2, Bel-7402, SMMC-7721 and
Huh-7) and normal liver cell line (WRL-68) were obtained from the
American Type Culture Collection (ATCC, USA). HepG2 and WRL-68
cells were cultured in Dulbecco's modified Eagle medium (DMEM,
Thermo Fisher Scientific, USA) while Bel-7402, SMMC-7721 and Huh-7
cells were cultured in RPMI-1640 (Thermo Fisher Scientific, USA). The
medium was supplemented with 10% fetal bovine serum (FBS,
Neuromics, USA) and 1% penicillin-streptomycin (Gibco, USA) and
maintained at 37 °C in a humidified atmosphere containing 5% CO.
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Fig. 2. miR-122 suppressed MDR1 expression by inhibiting Wnt/B-catenin pathway. qRT-PCR analysis of miR-122, (-catenin and MDRI1 levels in HCC cells
transfected with AgomiR-122 or negative control (NC) in Bel-7402(A) and SMMC-7721 (B) cells. Western blot analysis of 3-catenin, Wnt1l and MDR1in Bel-7402(C)
and SMMC-7721 (E) cells transfected with AgomiR-122 or NC. (D, F) Quantification of B-catenin, Wnt and MDR1 levels in (C, E).GAPDH was used as a loading
control. Quantification of luciferase activity in Bel-7402(G) and SMMC-7721 (H) cells transfected with NC or AgomiR-12. All the results were shown as mean + SD
(n = 3), which were three separate experiments performed in triplicate. *p < .05 and **p < .01.

Cells were treated with ciclopirox olamine (CIC, 50 uM) or OXA (0, 8,
16, 32, 64, 128 ug/mlL) for 24 h as indicated.

2.2. Cell transfection

miR-122 mimics (AgomiR-122) were synthesized by GenePharma
(Shanghai, China). B-catenin sequence was synthesized and sub-cloned
into transfection plasmid to generate recombinant vector pcDNA3.1-(3-
catenin (B-catenin). P-catenin specific short hairpin RNAs (shRNA)
were cloned into pSicoR vector (shf-catenin). Transfection was per-
formed using Lipofectamine 2000 (Invitrogen, USA) according to
manufacturer's protocol.

2.3. MTT assay

Cells were seeded in a 96-well plate at a density of 5 x 10° cells per
well and then incubated at 37°C for 24h. 10puL of MTT (3-(4,5-
Dimethyltjiazol-2-yl)-2,5-diphenltetrazolium bromide; 5mg/mL) were
added to each well for additional 3 h of incubation at 37 °C. The reac-
tion was terminated by adding 100 uL detergent reagent, and the ab-
sorbance values were measured at the wavelength of 570 nm.

2.4. Cell apoptosis assay

Cell apoptosis was measured by Annexin-V-FITC/propidium iodide
(PI) staining using Annexin-V-FITC /PI apoptosis Detection Kit (BD
Bioscience, CA) according to manufacturer's protocol. HCC cells were
plated in 6-well plate and grown to 60% confluence. Then they were
transfected with plasmids or AgomiR-122 as indicated. After that, cells
were harvested and incubated with Annexin-V-FITC/PI for 15 min in
the dark, and analyzed by flow cytometry.

2.5. Luciferase report assay

Dual-luciferase kit (Dual-Glo™ Luciferase Assay System, Promega,
USA) was used to measure the transcriptional activity of [(-catenin.
Briefly, HCC cells (10° cells/well) were co-transfected with 1pug of
constitutively active vector encoding Renilla luciferase (Promega,USA)
and 10pug of B-catenin-responsive firefly luciferase reporter plasmid
TopFlash (Millipore, USA) or the negative control FopFlash (Millipore,
USA) using Lipofectamine 2000 according to manufactures' protocol.
Cells were harvested after 24 h and luciferase activity was measured in
triplicate according to the manufacturer's instructions. The firefly lu-
ciferase activity was normalized tothe Renilla luciferase activity. To
determine the function of miR-122 on (3-catenin transcriptional activity,
HCC cells were co-transfected with TopFlash or FopFlash and AgomiR-
122 using Lipofectamine 2000. Cells were harvested after 24 h for lu-
ciferase measurements.

To assess the regulation of MDR1 gene by p-catenin, HCC cells were
seeded in 12-well plates (10° cells/well) and co-transfected with MDR1
promoter reporter construct (or pGL3-basic and pGL-control, as negative
control and positive control respectively) with or without sh3-catenin, or
B-catenin as indicated in figures. After 24 h, the co-transfected cells were
lysed with Reporter Lysis Buffer, and the luciferase activity was detected
using a Luciferase Reporter Gene Assay Kit (Promega, USA).

2.6. Chromatin immunoprecipitation (ChIP) assay

EZ-Magna ChIP™ G-Chromatin Immunoprecipitation Kit and the
Magna Grip™ Rack (Cell Signaling Technology, USA) were used to
perform ChIP assay according to the manufacturer's protocol. For each
chromatin immunoprecipitation, 5 pg of anti-B-catenin or H3 antibody
and 1 pL of normal mouse IgG were used. After immunoprecipitation,
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Fig. 3. B-catenin positively regulated MDR1 expression by binding MDR1 promoter. qRT-PCR analysis of 3-catenin and MDR1 levels in Bel-7402 (A) and SMMC-7721
(B) cells transfected with shp-catenin, pcDNA3.1-f-catenin or vector plasmid . Western blot analysis of -catenin and MDR1in Bel-7402 (C) and SMMC-7721 (E) cells
transfected with shp-catenin, pcDNA3.1-B-catenin or vector plasmid. (D, F) Quantification of 3-catenin and MDR1 levels in (C, E). Quantification of luciferase activity
in Bel-7402 (G) and SMMC-7721 (H) cells transfected with shp-catenin, pcDNA3.1-B-catenin or vector plasmid. B-catenin was immunoprecipitated with specific
antibodies from HCC cells, followed by PCR analysis of MDR1 gene in Bel-7402(I) and SMMC-7721 (J) cells. All the results were shown as mean = SD (n = 3), which
were three separate experiments performed in triplicate. *p < .05 and **p < .01.

chromosomal DNA was purified and analyzed using PCR to detect the
MDR1 promoter region. The primers used for amplifying the MDR1
promoter region including the potential B-catenin site were as follows:
forward: 5~ AGTCATCTGTGGTGAGGCTGAT-3’; reverse: 5-TACTCGAA
TGAGCTCAGGCTTC-3".

2.7. RNA extraction and qRT-PCR

Total RNA was isolated from the cells using Trizol reagent
(Invitrogen, USA) according to the manufacturer's instructions. DNasel
was used to avoid DNA contamination. 1pg total RNA from each
sample was subjected to reverse transcription using QuantiTect Reverse
Transcription Kit (Qiagen, Dutch). qRT-PCR was performed in triplicate
for each sample using the Maxima SYBR Green qRT-PCR Master Mix
(Toyobo, Japan). Relative expression levels of miRNA and mRNA were
normalized to U6 small nuclear RNA andf-actin, respectively. The
following primers were used for analysis:miR-122 forward: 5’-TTGAA
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TTCTAACACCTTCGTGGCTACAGAG-3’, reverse: 5-TTAGATCTCATTTA
TCGAGGGAAGGATTG-3; MDR1 forward: 5-CCCATCATTGCAATAGC
AGG-3’, reverse: 5-TGTTCAAACTTCTGCTCCTGA-3’; P-catenin for-
ward: 5-ATGGCTACTCAAGCTGAC-3’, reverse: 5-CAGCACTTTCAGCA
CTCTGC-3; U6 forward: 5-CTCGCTTCGGCAGCACA-3’, reverse: 5’-
AACGCTTCACGAATTTGCGT-3; B-actin forward: 5-AAATCTGGCACC
ACACCTTC-3, reverse: 5- GGGGTGTTGAAGGTCTCAAA-3".

2.8. Western Blot analysis

Total proteins were extracted from cultured cells by RIPA buffer
(Beyotime Institute of Biotechnology, Nantong, China) with protease
inhibitor cocktail. Protein concentration was determined by pierce BCA
protein Assay (Thermo Fisher Scientific, USA). Equal amounts of pro-
tein samples (30 pug) were separated by SDS-PAGE and then transferred
to PVDF membranes (Millipore, USA). The membranes were blocked for
1 h at room temperature. Subsequently, primary antibodies were added
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and incubated overnight at 4 °C. Selected proteins were detected with
specific antibodies. The following antibodies were used: MDR1 (1:2000,
Abcam, USA), B-catenin (1:2500, Abcam, USA), Wnt1 (1: 5000, Abcam,
USA) and GAPDH (1:5000, Abcam, USA). Following washes with TBST,
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Fig. 4. Overexpression of miR-122 and inhibition of
B-catenin inhibited HCC cell proliferation and pro-
mote apoptosis. Cell viability was measured by MTT
assay in Bel-7402 (A) and SMMC-7721 (B) cells
transfected with AgomiR-122, shf-catenin, or
treated with CIC for 24h. Cell apoptosis was de-
termined by Annexin-V/PI staining and flow cyto-
metry analysis in Bel-7402 (C) and SMMC-7721 (D)
cells transfected with AgomiR-122, shf-catenin or
treated with CIC for 24 h. (E-F) Quantifications of
cell apoptosis percentage in (C-D). All the results
were shown as mean * SD (n = 3), which were
three separate experiments performed in triplicate.
*p < .05and **p < .01.

the membranes were incubated with a secondary antibody (Anti-Mouse
and Anti-Rabbit IgG [H + L] antibodies diluted by 1: 1000, KPL, USA)
for 1h at room temperature. Protein bands were visualized using the
ECL kit (Promega, USA).
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Fig. 5. miR-122 promoted HCC chemosensitivity to OXA. Cell viability was measured using a MTT assay to calculated the ICso values of OXA in Bel-7402(A) and
SMMC-7721 (C) cells transfected with AgomiR-122, shf-catenin, pcDNA3.1-B-catenin and AgomiR-122 + P-catenin, followed by various concentrations of OXA
treatment. (B,D) Quantification of ICsy in (A, C).All the results were shown as mean + SD (n = 3), which were three separate experiments performed in triplicate.

*p < .05 and **p < .01.

2.9. Nude mice xenograft experiments

6-week-old nude mice were acquired from SJA Laboratory Animal Co.,
Ltd. (Hunan, China; n = 21). Experiments were approved by the Animal
Care and Use Committee of school of medicine, university of electronic
science and technology of Chengdu. Nude mice were implanted with
unilateral subaxillary subcutaneous injection of 5 x 10° HCC cells to in-
duce tumors. Mice were divided randomly into three groups (i.e. control
group, OXA treatment group, AgomiR-122 + OXA group, seven mice per
group). The mice received an intraperitoneal injection of OXA (10 mg/kg)
with or without AgomiR-122 starting from the third week every four days
as previously described(Lee et al., 2015; Xu et al., 2017). Tumor volume
was measured every five days for 30 days and calculated according to the
formula: tumor volume (mm?®) = 0.5 x (W) x (L), where L represents
the length and W represents the width. 30 days later, the mice were sa-
crificed and the tumor weight was measured.

2.10. Statistical analysis

All experiments were performed at least three times in triplicate.
Data were presented as Mean = SD. All statistical analysis was per-
formed in GraphPad Prism 5. Statistical significance was determined by
unpaired two-tailed Student t-test or one-way ANOVA as indicated in
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the figure legends. A statistical significance was defined whenp < .05.

3. Results
3.1. miR-122 is down-regulated while MDR1 is up-regulated in HCC cells

To investigate the functions of miR-122 in HCC, we first examined
miR-122 and MDR1 levels in HCC cell lines using qRT-PCR. Compared
to normal liver cell line WRL-68, we detected a significantly lower
expression of miR-122 in all four HCC cell lines (HepG2, Bel-7402,
SMMC-7721 and Huh-7) (Fig. 1A). As expected, both MDR1 mRNA and
protein level were also much higher in HCC cell lines than in normal
liver cells (Fig. 1B-1D). Together, these data indicated that miR-122
expression is inhibited and negatively associated with MDR1 level in
HCC. Given that miR-122 level was lowest in Bcl-7402 and SMMC-7721
cells, we thus used those two cell lines for further studies.

3.2. miR-122 inhibits MDR1 expression via targeting Wnt/B-catenin
pathway in HCC cells

It has been reported that Wnt/[3-catenin pathway has critical roles in
chemoresistance and regulating MDR1 expression in many types of
cancers (Arend et al., 2013). Additionally, previous studies also indicated
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Fig. 6. miR-122 increased HCC cell apoptosis induced by OXA. Cell apoptosis was determined by Annexin-V/PI staining and flow cytometry analysis in transfected
Bel-7402 (A) and SMMC-7721 (B) cells with OXA treatment. (C-D) Quantifications of cell apoptosis percentage in (A-B). All the results were shown as mean *+ SD
(n = 3), which were three separate experiments performed in triplicate. *p < .05 and **p < .01.

that miR-122 acted as a negative regulator of Wnt/B-catenin pathway
(Xu et al., 2012). Therefore, we speculated that miR-122 may regulate
MDR1 expression in HCC by modulating Wnt/f-catenin signaling. To
validate this hypothesis, we first examined Wnt/p-catenin pathway ac-
tivity after miR-122 overexpression in two HCC cell lines. As shown in
Fig. 2A-2B, B-catenin and MDR1 mRNA levels were both decreased in
HCC cells transfected with AgomiR-122 compared with NC control
(Fig. 2A-2B). Further, we detected lower expressions of -catenin, Wntl
and MDR1 in miR-122 overexpression cells (Fig. 2C-F), suggesting that
miR-122 could inhibit Wnt/[3-catenin signaling pathway. Next, we used
the TOPflash/FOPflash luciferase reporter system to directly test the
interaction between miR-122 and p-catenin. We observed a significantly
lower luciferase activity in cells transfected with AgomiR-122 than that
in cell transfected with NC (Fig. 2G-2H). Taken together, these results
showed that miR-122 directly targets Wnt/[B-catenin pathway and may
inhibit MDR1 expression through Wnt/B-catenin pathway.

3.3. B-catenin directly binds to MDR1 promoter and increases MDR1
expression

Wnt/B-catenin pathway has been shown to regulate MDR1 expres-
sion in multiple cancers including cholangiocarcinoma and ovarian
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cancer (Arend et al., 2013; Zhou et al., 2017). To verify this regulation
in HCC, we manipulated B-catenin level through shRNA or over-
expression and measured how these manipulations affected MDR1 ex-
pression in HCC cell lines. First, we confirmed that cells transfected
with shf-catenin or (-catenin had lower or higher expressions of f-
catenin, respectively (Fig. 3A-3F). Using qRT-PCR, we found that
knockdown of B-catenin decreased MDR1 mRNA level while over-
expression of PB-catenin significantly increased MDR1 mRNA level
(Fig. 3A-3B). Consistently, using western blot analysis, we saw similar
effects (Fig. 3C-3F). B-catenin shRNA down-regulated p-catenin and
MDR1 expressions while -catenin overexpression up-regulated p-ca-
tenin and MDR1 levels (Fig. 3C-3F). Next, we used luciferase assay to
directly examine the interaction between (-catenin and MDR1. We
found that the luciferase activity in cell transfected with shf-catenin
was significantly lower than vector group, while B-catenin over-
expression significantly increased the luciferase activity, suggesting
that B-catenin increases MDR1 transcription activity (Fig. 3G-3H).
Furthermore, ChIP assay results demonstrated that (3-catenin was found
to occupy the endogenous MDR1 promoter in HCC cells (Fig. 31-3J). All
together, the above results indicated that Wnt/B-catenin pathway
promotes MDR1 expression by binding to its gene promoter.
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Fig. 7. miR-122 enhanced the antitumor effect
of OXA in vivo. (A-B) Representative images of
tumors in mice bearing HCC xenograft tumors
after transfection of AgomiR-122 with or
without OXA treatment. (C-D) Quantifications
of tumor weight in three groups. (E-F)
Quantification of tumor volume in three
groups. All the results were shown as
mean + SD (n = 3), which were three sepa-
rate experiments performed in triplicate.
*p < .05 and **p < .01.
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3.4. Overexpression of miR-122 and inhibition of Wnt/f-catenin signaling
inhibit HCC cell proliferation and promote apoptosis

To directly examine the role of miR-122 and Wnt/B-catenin
pathway in HCC cell proliferation and apoptosis, we performed MTT
assay and flow cytometry analysis. MTT assay results demonstrated that
overexpression of miR-122 inhibited cell proliferation (Fig. 4A-4B).
Similarly, cells transfected with shfB-catenin or treated with Wnt in-
hibitor CIC showed reduced proliferation compared with control
(Fig. 4A-4B). Further, with flow cytometry analysis, we observed that
ectopic expression of miR-122 or shf-catenin significantly increased the
percentage of cell apoptosis (Fig. 4C-4E). CIC treatment increased cell
apoptosis as well (Fig. 4C-4E). These data clearly demonstrated that
overexpression of miR-122 and inhibition of Wnt/p-catenin pathway
repress HCC cell proliferation and increase cell apoptosis.

3.5. miR-122 increases HCC cells' sensitivity to OXA via suppressing Wnt/f3-
catenin signaling pathway

To test whether miR-122 is involved in HCC chemosensitivity, we
overexpressed miR-122 in HCC cell lines and assessed its effects on cell
survival upon OXA treatment. In cytotoxicity assay, we found that
overexpression of miR-122 increased cancer cells' sensitivity to OXA
(Fig. 5A-5D). The ICso was reduced t045.03 pg/mL from 60.34 pug/mL
for Bel-7402 cells (Fig. 5A-5B). In SMMC-7721 cells, the ICso went
down to 48.08 ug/mL from 63.45 pg/mL. Knockdown of 3-catenin also
increased the sensitivity of HCC cells to OXA (Fig. 5C-5D). On contrary,
overexpression of B-catenin reduced the sensitivity to OXA and reversed
the effects of miR-122 overexpression (Fig. 5A-5D). Together, these
data showed that miR-122 enhances the sensitivity of HCC cells to OXA
through suppressing Wnt/p-catenin signaling pathway.
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3.6. miR-122 promotes OXA-induced cell apoptosis by inhibiting Wnt/f3-
catenin signaling pathway

Next, we performed flow cytometry analysis to examine the effects
of miR-122 on cancer cell apoptosis. We found that OXA treatment
significantly increased the percentage of apoptosis cells in Bel-7402 and
SMMC-7721 cells (Fig. 6A-6D). Moreover, overexpression of miR-122
or knockdown of B-catenin further increased the percentage of apop-
totic cells upon OXA treatment. In contrast, overexpression of (3-catenin
reduced the effect of OXA and partially inhibited cell apoptosis induced
by miR-122 (Fig. 6A-6D), indicating that miR-122 promoted cancer cell
death induced by OXA via inhibiting Wnt/p-catenin pathway.

3.7. miR-122 enhances the antitumor effect of OXA in vivo

In the end, we determined whether miR-122 could sensitize HCC cells to
chemotherapeutic agents in vivo. AgomiR-122 was delivered to nude mice
bearing HCC cells combined with OXA treatment. Compared with control
group, OXA treatment significantly reduced tumor weight and volume
(Fig. 7A-7F). Moreover, miR-122 overexpression further decreased the
tumor weight and volume (Fig.7A-7F). These results fully demonstrated that
miR-122 up-regulation enhances the sensitivity of HCC to OXA in vivo.

4. Discussion

Despite advances in therapy and research, the prognosis of HCC for
the majority of patients has not changed significantly over the past
decades as a result of chemoresistance (Lohitesh et al., 2018). Exploring
the mechanism of chemoresistance is the necessary prerequisite to
better clinical outcomes. miR-122 has been indicated to play some roles
in HCC development and lower expression of miR-122 has been re-
ported in HCC (Bandiera et al., 2015; Tsai et al., 2012), but its
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relationship with chemosensitivity remains unclear. In the present
study, we further elucidated the function of miR-122 in HCC. We
confirmed that miR-122 expression was significantly down-regulated in
HCC cells, and overexpression of miR-122 could increase the sensitivity
of HCC cells to OXA and promote OXA-induced apoptosis. Moreover,
miR-122 could inhibit Wnt/p-catenin signaling pathway and decrease
MDR1 expression via directly targeting (-catenin. Collectively, our
study identified a novel miRNA implicated in OXA resistance of HCC,
which might help provide a target for future therapeutic development.
Emerging evidence indicates that aberrant expressions of miRNA
are involved in tumorigenesis and progression (Mishra, 2012; Yang
et al., 2018). Many miRNA have been observed dysregulated in cancers.
Additionally, they play important roles in regulating drug resistance by
acting on downstream targets (Di Leva et al., 2014). As reported, re-
duced miR-122 levels have been related with poor prognosis and me-
tastasis of hepatocellular carcinoma, and several targets of miR-122,
including cycin G1, IGF1R and Wntl, have been implicated in hepa-
tocarcinogenesis, EMT, chemoresistance and angiogenesis (Bandiera
et al., 2015; Nakao et al., 2014). Altogether, those studies suggested
that miR-122 functions as a tumor suppressor in the liver. Here, we
found that miR-122 was significantly down-regulated in human HCC
cell lines, which was consistent with previous reports. miR-122 acts as a
tumor suppressor gene in hepatocarcinogenesis. Overexpression of miR-
122 inhibited HCC cell proliferation and increased cell apoptosis. Fur-
thermore, miR-122 increased HCC cells' sensitivity to OXA. We also
validated the antitumor activity of miR-122 by using in vivo nude
mouse model. These data fully suggested that loss of miR-122 is a key
mechanism that cancer cells utilize to gain chemoresistance in HCC.
The Wnt/fB-catenin has critical roles in normal tissue development
as well as in tumorigenesis and chemoresistance (Arend et al., 2013; Cui
et al., 2012). Without Wnt stimulation, cytoplasmic f-catenin is as-
sembled into a destruction complex and gets phosphorylated in this
complex and subsequently targeted for proteasomal degradation. Sti-
mulation by Wnt ligands inhibits the phosphorylation and thus prevents
degradation of B-catenin, which then enters the nucleus and regulates
the expression of downstream target genes involved in multiple cellular
processes (Krishnamurthy & Kurzrock, 2018). The aberrant activation
of Wnt/[B-catenin pathway has been detected in many types of cancers,
such as ovarian cancer (Arend et al.,, 2013) and intestinal cancers
(Krausova & Korinek, 2014). The activation of this signaling pathway
would result in aberrant expressions of many downstream proteins,
including MDR1 gene, which played an important role in developing
drug resistance in cancer cells (Tiwari et al., 2011). For instance, in
chemoresistance breast cancer cells, the Wnt/p-catenin pathway was
found activated, resulting MDR1 hyperactivity (Zhang et al., 2016). In
this study, we observed enhanced Wnt/p-catenin activity in HCC cells.
Inhibition of Wnt/p-catenin pathway could suppress cell proliferation
and increase cell apoptosis. Furthermore, [-catenin is a downstream
target of miR-122, which was consistent with previous studies. Loss of
miR-122 could trigger the activation of Wnt/B-catenin signaling
pathway in HCC, and up-regulation of miR-122 could inhibit Wnt/p-
catenin pathway and thereby enhance sensitivity of HCC cells to OXA.
It has been reported that Wnt/p-catenin signaling could induce
MDR1/P-gp expression and that inhibition of Wnt/p-catenin pathway
down-regulates MDR1/P-gp expression and reverses multi-drug re-
sistance in tumors such as cholangiocarcinoma and ovarian cancer (Shen
et al., 2013; Zhang et al., 2015). Here, we saw similar results in HCC and
demonstrated that (-catenin directly binds to MDR1 promoter and pro-
motes its transcription. Taken together, our results suggested that miR-
122 increases the sensitivity of HCC to OXA because of its inhibition of
MDR1/P-gp expression via suppressing Wnt/p-catenin signaling in HCC.

5. Conclusions

In summary, our study indicated that miR-122 directly targets the
Wnt/B-catenin pathway and subsequently inhibits the expression of

42

Experimental and Molecular Pathology 106 (2019) 34-43

MDRI, thereby increasing the sensitivity of HCC cells to OXA and
promoting OXA-induced apoptosis. Targeting miR-122 may be a po-
tential strategy to increase chemosensitivity, hence improving the
prognosis of HCC.
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