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ABSTRACT

Background: Increasing evidence indicates that aberrant micro (mi)RNA-448 expression plays a critical
role in the progression of several human cancers. However, the function of miRNA-448 in hepatocellular
carcinoma (HCC) has not been fully investigated.

Methods: miRNA-448 expression levels in HCC tissues, adjacent non-cancerous tissues (ANTs), and HCC
cell lines were examined by quantitative real-time polymerase chain reaction (QRT-PCR). HCC cells were
treated with a miRNA-448 mimic or inhibitor, followed by cell viability measurements with the CCK-8
assay. Venn diagram analysis predicted, and dual luciferase reporter assays verified, the target gene of
miRNA-448. Expression of the target gene was detected by qRT-PCR and immunohistochemistry. Growth
of miRNA-448- or target gene-expressing HCC xenograft tumors in nude mice was measured.

Results: miRNA-448 was expressed at a lower level in HCC tissues than ANTs, and correlated with a larger
tumor size, incomplete tumor encapsulation, and advanced Barcelona Clinic Liver Cancer stage. miRNA-
448 inhibited HCC cell growth. The downstream target of miRNA-448 was BCL-2, which was highly
expressed in HCC tissues and its mRNA level was negatively correlated with miRNA-448 expression.

In vivo, BCL-2 attenuated the tumor inhibiting effect of miRNA-448.
Conclusion: miRNA-448 functions as a tumor suppressor by targeting BCL-2 in HCC.
© 2018 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Hepatocellular carcinoma (HCC) is one of the leading causes of
cancer-related deaths worldwide, and its incidence is still increas-
ing [1,2]. The Asia-Pacific area is the most prevalent region of HCC
[3,4]. Many patients are first diagnosed at an advanced tumor stage.
The five-year survival of HCC is low, and many patients die of can-
cer recurrence or metastasis. Therefore, it is critical to thoroughly
understand HCC cancer biology and to seek new potential thera-
peutic approaches.

Micro (mi)RNAs are small regulatory RNAs that consist of about
22 nucleotides. Since the first report of miRNAs in 1980 [5], over
2500 miRNAs have been annotated in the human genome [6].
Mature miRNAs are localized to the RNA-induced silencing com-
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plex where they direct the complex to target mRNAs, leading to
mRNA translational repression or degradation [7]. For example,
miRNA-448 exerts a tumor suppressor role in numerous cancer
types including breast [8-10], oral squamous cell [11], gastric [12],
colorectal [13], and pancreatic ductal adenocarcinoma [14,15] can-
cers. However, the effects and precise mechanism of miRNA-448 in
HCC are still elusive. The present study was designed to clarify the
function of miRNA-448 and its downstream targets.

2. Materials and methods
2.1. Patients and tissue specimens

A total of 42 pairs of randomly selected snap-frozen tissues
from patients who underwent hepatectomy at the Hepatic Surgery
Center, Tongji Hospital of Huazhong University of Science and Tech-
nology (HUST) (Wuhan, China) from January 2010 to December
2012 were enrolled into this study. HCC diagnosis was confirmed by
three types of clinical imaging (ultrasonography, computed tomog-
raphy, or magnetic resonance imaging), together with a serum level
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of a-fetoprotein higher than 400 ng/mL. If diagnosis based on imag-
ing and the a-fetoprotein level was uncertain, a needle biopsy was
performed. Then, HCC was confirmed by histopathological exam-
ination of surgical samples. Two certified pathologists assessed
the staining and scoring independently. They were blind to the
patients’ clinical and demographic information. If the staining score
was identical between two pathologists, the score was adopted. If
different staining scores were acquired from the two pathologists,
the slide was reviewed by both pathologists and a final score was
obtained.

Diagnosis of HCC is guided largely by disease stage, most often
assessed using the Barcelona Clinic Liver Cancer staging system
[16]. Surgery was indicated in an HCC patient with a liver tumor
with sufficient residual liver volume, and lack of distant metasta-
sis, decompensated cirrhosis, and organic dysfunction. All research
on human materials was approved by the Ethics Committee of
Tongji Hospital, HUST, and the study was conducted according to
the Declaration of Helsinki principles. Written informed consent
was obtained from each patient.

2.2. Cell lines and culture

MHCC97H cells were purchased from the Liver Cancer Insti-
tute of Fudan University (Shanghai, China). Huh7 and Hep3B cells
were purchased from the China Center for Type Culture Collec-
tion (Wuhan, China). BEL7402 and HEK293T cells were deposited in
the Hepatic Surgery Center, Tongji Hospital. All cell lines were cul-
tured in Dulbecco’s modified Eagle’s medium (Gibco, Grand Island,
NY, USA) supplemented with 10% fetal bovine serum (Gibco) and
penicillin/streptomycin, and incubated in 5% CO, at 37 °C.

2.3. RNA isolation and the quantitative real-time polymerase
chain reaction (qRT-PCR)

TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was used to
extract total RNA from tissues and cells according to the man-
ufacturer’s protocol. The reverse transcription of miRNA and
mRNA was completed using reverse-transcription system (Toy-
obo, Osaka, Japan) and miRcute Plus miRNA First-Strand cDNA
Synthesis (Tiangen, Beijing, China) kits. qPCR analysis for mRNA
was performed with a standard SYBR Green PCR kit (Toyobo).
The miRcute Plus miRNA qPCR Detection Kit (Tiangen) was used
for miRNA according to the Step One system protocol (Applied
Biosystems, Foster City, CA, USA). GAPDH and U6 were used
as endogenous controls for the detection of mRNA and miRNA
expression, respectively. Relative quantification analysis was
performed using the comparative CT (2-2ACT) method. Each exper-
iment was repeated independently three times. Primer sequences
were as follows: BCL-2 forward, 5'-GGTGGGGTCATGTGTGTGG-3';
BCL-2 reverse, 5'-CGGTTCAGGTACTCAGTCATCC-3’; miR-448, 5'-
cgcTTGCATATGTAGGATGTCCCAT-3'.

2.4. Plasmid construction

The full length BCL-2 gene open reading frame was amplified
by PCR and cloned into pCDNA3.1 to generate the pCDNA3.1-BCL-2
construct. pCDNA3.1 was used as the control.

2.5. Cell transfection and infection

All small RNA molecules were purchased from RiboBio
(Guangzhou, China), including the miR-448 mimic, negative con-
trol mimic, miR-448 inhibitor, and negative control inhibitor. Cells
were transiently transfected with the small RNA molecules or plas-
mids using the riboFect™ CP Transfection Kit (333T) (Invitrogen)
according to the manufacturer’s protocol. Cells were infected with

lentivirus containing the full length BCL-2 CDS domain to generate
cells stably overexpressing BCL-2.

2.6. Cell proliferation assay

BEL7402 and Huh7 cells were transfected with the miR-448
mimic, inhibitor, or scramble 24h before seeding into 96-well
plates at 1000 cells/well. The Cell Counting Kit-8 (CCK-8, Dojindo,
Kumamoto, Japan) reagent was added to the wells, and absorbance
values in each well were measured with a microplate reader at
450 nM. All experiments were performed three times and average
absorbance values are shown.

2.7. Luciferase assay

The entire 3’-untranslated region (UTR) of the BCL-2 gene was
cloned into the psiCHECK™-2-vector (Promega, Madison, WI, USA)
at a site immediately downstream of the Renilla luciferase gene.
Three mutations in the 3’-UTR (Mut 1, Mut 2, and Mut 1.2) were
generated with the QuickChange Site-Directed Mutagenesis kit
(Stratagene, La Jolla, CA, USA). About 1 x 10° BEL-7402 cells/well
were seeded into 24-well plates for 24 h before transfection. Cells
were co-transfected with 50 ng of the psiCHECK™-2-vector, and
50nM of the miR-448 or scrambled mimic using Lipofectamine
2000 (Invitrogen). Cell lysates were prepared using Passive Lysis
Buffer (Promega) 48 h after transfection, and luciferase activity
was measured using the Dual-Luciferase Reporter Assay (Promega).
Experiments were repeated three times.

2.8. Western blot analysis

Protein concentrations were determined with a BCA Protein
Assay Kit (Bio-Rad, Hercules, CA, USA) and equal amounts of protein
were analyzed by SDS-PAGE. Gels were electroblotted onto nitro-
cellulose membranes (EMD Millipore, Billerica, MA, USA). After
blocking with 5% non-fat milk in Tris-buffered saline containing
0.1% Tween-20 for 2 h, membranes were incubated at 4 °Covernight
with the primary antibodies (BCL-2 and GAPDH; Cell Signaling
Technology, Danvers, MA, USA). Then, membranes were incubated
with horseradish peroxidase-conjugated secondary antibodies and
detected by an enhanced chemiluminescence system (EMD Milli-
pore). The experiment was repeated three times.

2.9. Immunohistochemical staining and the terminal
deoxynucleotidyl transferase dUTP nick-end labeling (TUNEL)
assay

Formalin fixed, paraffin-embedded sections were deparaf-
finized in xylene and rehydrated through graded concentrations
of ethanol. Microwave heating in a 10 mM Tris-base-1 mM EDTA
solution (pH 9.0) was used to retrieve antigens. Endogenous per-
oxidases were blocked with 3% H,0, in methanol. Sections were
incubated with 1:100 BCL-2 (EMD Millipore) or 1:200 proliferating
cell nuclear antigen (PCNA) (Cell Signaling Technology) primary
antibodies at 4°C overnight. Incubation with the secondary anti-
body and detection of peroxidase activity was achieved by using
the EnVision kit (Dako, Glostrup, Denmark). Hematoxylin (Sigma-
Aldrich, St. Louis, MO, USA) was used to counterstain the nucleus.
Immunohistochemistry scores were obtained by multiplying the
percentage of positive staining score to the intensity score as
described previously [17]. Overall scores of >6 and <6 were defined
as high and low expression, respectively. The TUNEL assay was per-
formed using the In Situ Cell Death Detection Kit (BD Biosciences,
Franklin Lakes, NJ, USA) according to the manufacturer’s instruc-
tions.



Z.-b. Liao et al. / Digestive and Liver Disease 51 (2019) 703-711 705

2.10. Xenograft tumor model

The animal study was approved by the Ethics Committee of
Tongji Hospital, HUST. Briefly, 4-5-week-old male nude mice were
purchased from HFK BioScience (Beijing, China) and maintained
in specific-pathogen-free conditions. BEL7402 and BEL7402-BCL-
2 cells (1 x 10%) were suspended in 100 L Dulbecco’s modified
Eagle’s medium and injected subcutaneously into nude mice. One
week after cell inoculation, miRNA-448 or scrambled mimics were
injected into the tumors. All mice were routinely monitored, and
sacrificed at day 30 of inoculation. Tumor volumes were calculated
according to the following equation: V (volume, mm3)=0.5 x L
(length, mm) x W2 (width, mm?2) [18].

2.11. Statistical analyses

Statistical analyses were performed by SPSS 19.0 (IBM, Chicago,
IL, USA) or Prism 6.0 (GraphPad Software, La Jolla, CA, USA) soft-
ware. Quantitative data were compared by a two-tailed Student’s
t-test, analysis of variance with the Bonferroni post-hoc test, or a
nonparametric test such as the Wilcoxon signed-rank test. A value
of p<0.05 was considered statistically significant.

3. Results
3.1. miRNA-448 is downregulated in HCC tissues

To evaluate the clinical significance of miRNA-448 in HCC,
we detected its expression pattern in 42 pairs of HCC tissue
and adjacent non-cancerous tissue (ANT) by the qRT-PCR. The
results showed that the miRNA-448 level was significantly higher
in ANT compared to HCC tissue (Fig. 1A, B). Clinicopathologi-
cal data showed that downregulation of miRNA-448 correlated
with larger tumor size (p=0.019), incomplete tumor encapsula-
tion (p=0.020), and advanced Barcelona Clinic Liver Cancer stage
(p=0.037) (Table 1). We then detected miRNA-448 expression in
four HCC cell lines: BEL7402, MHCC97H, Hep3B, and Huh7. BEL7402
and MHCC97H cells [19,20] possess higher proliferation and metas-
tasis potentials than Hep3B and Huh7 cells [21-23]. The expression
of miRNA-448 was much lower in BEL7402 and MHCC97H cells
than in Hep3B and Huh?7 cells (Fig. 1C).

3.2. miRNA-448 inhibits HCC cell proliferation

To investigate the effect of miRNA-448 on cell proliferation, we
enhanced its expression by a miRNA-448 mimic in BEL7402 and
MHCC97H cells. The CCK-8 assay showed that miRNA-448 over-
expression inhibited cell proliferation compared to control cells
(Fig. 2A, B). Downregulation of miRNA-448 by an inhibitor pro-
moted Huh7 cell proliferation (Fig. 2C, D).

3.3. BCL-2 is the downstream target of miRNA-448

Venn diagram analysis of predicted miRNA-448 targets was per-
formed from four independent databases: miRDB [24,25], miRWalk
[26,27], microT-CDS [28,29], and TargetScan [30]. This analysis
revealed four candidate targets of miRNA-448: BCL-2,ZBTB34, GAN,
and C110rf87 (Fig. 3A). Manipulation of miRNA-448 expression in
Hep3 B and MHCC97H cells affected BCL-2 mRNA levels (Fig. 3B).

To validate that BCL-2 was a direct target of miRNA-448, poten-
tial binding sites in the BCL-2 3/-UTR were identified (Fig. 3C) and a
dual luciferase reporter assay was performed. Reporter vectors con-
taining wild-type or mutated binding sequences were transfected
into HEK293T cells along with miRNA-448 or scrambled mimics.
The results showed that co-transfection of BCL-2-wild-type, BCL-
2-MUT2, and the miRNA-448 mimic led to a significant increase

Table 1
Correlation between miRNA-448 expression and clinicopathologic characteristics
in 42 HCC patients.

Clinicopathologic variables Low expression High expression P value
Gender

Male 11 27

Female 1 3 0.680
Age

<50 5 19

>50 7 11 0.174
AFP (ug/L)

<20 2 9

>20 10 21 0.318
GGT(u/l)

<54 3 16

>54 9 14 0.092
ALT(ng/ml)

<75 12 26

>75 0 4 0.245
HBV

Negative 4 3

Positive 8 27 0.088
Cirrhosis

No 5 9

Yes 7 21 0.353
Tumor size (cm)

<5 1 14

>5 11 16 0.019°
Tumor encapsulation

Complete 4 22

Incomplete 8 8 0.020°
Tumor number

Single 10 25

Multiple 2 5 0.660
Vascular invasion

No 9 24

Yes 3 6 0.509
Differentiation

I-1I 4 11

-1v 8 19 0.566
BCLC stage

0+A 5 23

B+C 7 7 0.037°

@ The values had statistically significant differences.

in luciferase activity compared to the control group, whereas co-
transfection of BCL-2-MUT1, BCL-2-MUT1.2, and the miRNA-448
mimic had no effect (Fig. 3D). This suggested that MUT1 and MUT1.2
abolished the binding activity of miRNA-448 to BCL-2.

To confirm the functional significance of miRNA-448 on BCL-
2, we overexpressed miRNA-448 in BEL7402 cells using various
quantities of the miRNA-448 mimic. The mRNA and protein lev-
els of BCL-2 decreased coordinately with increasing doses of the
miRNA-448 mimic (Fig. 3E, F). Moreover, overexpression and
downregulation of miRNA-448 in HCC cell lines yielded consistent
results (Fig. 3G, H).

3.4. BCL-2 is negatively correlated with miRNA-448 in HCC
tissues

We assessed the correlation between miRNA-448 and BCL-2
in clinical tissue samples. qRT-PCR detection of BCL-2 mRNA was
carried out in the same 42 pairs of tissues previously analyzed
for miRNA-448 (Fig. 1A, B). The results showed that BCL-2 mRNA
was significantly upregulated in HCC tissues compared with ANTs
(Fig. 4A), and the level of BCL-2 mRNA was negatively correlated
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Fig. 1. Expression of miRNA-448 in hepatocellular carcinoma (HCC).

(A) miRNA-448 levels in paired HCC tissues and adjacent non-cancerous tissues (ANTs) as measured by the quantitative real-time polymerase chain reaction. Results are
shown as means 4 S.D. (n=42). (B) Comparison of miRNA-448 expression in HCC tissues and ANTSs. The y-axis is the log10 of fold-change (n=42). (C) Expression of miRNA-448
in four HCC cell lines. Bars represent means & S.D. **p<0.01.
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Fig. 2. miRNA-448 inhibits cell proliferation.

(A, C) Overexpression and downregulation of miRNA-448 in hepatocellular carcinoma (HCC) cells using a miRNA-448 mimic (A) or inhibitor (C), respectively, as measured
by the quantitative real-time polymerase chain reaction. (B) miRNA-448 overexpression in BEL7402 cells inhibits cell proliferation as measured by the CCK8 assay. (D)
Downregulation of miRNA-448 in Huh7 cells promotes cell proliferation as measured by the CCK8 assay. **p <0.01.
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(A) Venn diagram analyses of four independent databases reveals four possible targets of miRNA-448. (B) Overexpression and downregulation of miRNA-448 in MHCC97H
and Hep3B cells changes the BCL-2 mRNA level as measured by the quantitative real-time polymerase chain reaction. (C) Potential miRNA-448 binding sites in the BCL-2
3’-untranslated region (UTR) and three mutated constructs. (D) Wild-type (WT) or mutated BCL-2 3’-UTR luciferase reporter plasmids were co-transfected with miRNA-448
or scrambled mimics into HEK293T cells. MUT1 and MUT1.2 abolish the binding activity of miRNA-448 to the BCL-2 3’-UTR. (E, F) Enhanced miRNA-448 expression in BEL7402
cells suppresses BCL-2 mRNA (E) and protein (F) levels in a dose-dependent manner. (G, H) Manipulation of miRNA-448 in four HCC cell lines correspondingly changes BCL-2
protein expression. *p <0.05. **p <0.01. n.s, non-significant.
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and ANTs. (D) Statistical analysis of BCL-2 scoring shows the upregulation of BCL-2 in HCC tissues. (E) Representative immunohistochemistry images and quantitation of
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with miRNA-448 (r=-0.36, p<0.05) (Fig. 4B). Inmunohistochem-
istry staining of BCL-2 in the 42 pairs of HCC tissues and ANTs
showed that BCL-2 expression in HCC tissues was significantly
higher than that in ANTSs (Fig. 4C, D). HCC tissues displayed higher
cell proliferation and lower cell apoptosis than ANTs (Fig. 4E, F).
The PCNA/TUNEL ratio was higher in HCC tissues (Fig. 4G), and the
expression of PCNA was strong in 18 of 23 HCC specimens express-
ing high levels of BCL-2 (Fig. 4H). Concurrently, an inverse pattern
of TUNEL staining was found in the same patient cohort (Fig. 41I).

3.5. BCL-2 partially directs the tumor inhibitory function of
miRNA-448

Transfection of pcDNA3.1-BCL-2 into BEL7402 cells promoted
cell proliferation (Fig. 5A), and overexpression of miRNA-448
attenuated this growth promoting effect (Fig. 5B). BEL7402 mock
transfected cells, and BEL7402 cells with BCL-2 stable overexpres-
sion mediated by lentivirus, were injected subcutaneously into
nude mice. One week later, the tumors were injected with miRNA-
448 or scrambled mimics. Thirty days after tumor cell inoculation,
the tumor volume and weight were noticeably decreased in the
miRNA-448 and BCL-2 combination group compared with the BCL-
2 control group (Fig. 5C-E). Moreover, cell proliferation decreased,
and apoptosis increased in the miRNA-448 and BCL-2 combination
group compared with the BCL-2 control group (Fig. 5F-]). Taken
together, these results demonstrated that miRNA-448 suppressed
BCL-2-enhanced BEL7402 tumor growth.

4. Discussion

In this study, we showed that miRNA-448 was downregulated
in HCC tissues and that low expression of miRNA-448 correlated
with several malignant clinical features (Fig. 1A, B and Table 1).
The expression of miRNA-448 was lower in more malignant HCC
cell lines (Fig. 1C). Manipulation of miRNA-448 expression in HCC
cells validated its growth inhibition effect (Fig. 2).

By analyzing online bioinformatics data, BCL-2 was identified as
a potential target of miRNA-448. The dual luciferase reporter assay
validated BCL-2 as a target, and miRNA-448 regulated its expression
(Fig. 3). The mRNA and protein levels of BCL-2 were upregulated in
HCC tissues, and there was a negative correlation between BCL-2
mRNA and miRNA-448 in HCC tissues (Fig. 4). Functional validation
studies showed that enhancing miRNA-448 expression inhibited
cell proliferation and tumor growth, and overexpression of BCL-2
attenuated this effect both in cells and in xenograft tumors (Fig. 5).

BCL-2 in involved in apoptosis, a programmed form of cell death
that is induced under various stress conditions, is essential for the
development and function of multicellular systems [31,32]. Evad-
ing cell apoptosis is a key hallmark of cancers [33], and BCL-2 plays
a pivotal role in this process. BCL-2 is an integral mitochondrial
membrane protein that blocks the apoptosis process by interact-
ing with and antagonizing pro-apoptotic BCL-2 family members
[34,35].

BCL-2 was first identified as an oncogene in B-cell malignancies
[36]. Later, it was reported in prostate [37,38] and breast [39,40]
cancers as a proto-oncogene. Several possible therapeutic agents
have been developed targeting different BCL-2 domains. ABT-737
and ABT-263 bind to the hydrophobic pocket of BCL-2 with high
affinity and subsequently disrupt its anti-apoptotic function [41].
A tethered indole was incorporated into ABT-263 to fill the P4 hot
spot to generate a more selective BCL-2 inhibitor that interacted
specifically with aspartic acid (Asp 103) of BCL-2, resulting in the
BCL-2-selective inhibitor, ABT-199 [42]. The BH4 domain of BCL-
2 is the docking site for screening of potential therapeutic targets
because it is critical for the anti-apoptotic function of BCL-2. BDA-

366 is a specific target of the BH4 domain and converts BCL-2 from a
survival to a cell death inducing molecule through a conformational
change [43,44].

MicroRNAs are single-stranded non-coding RNA molecules. The
length of miRNAs is about 22 nucleotides. miRNAs have been exten-
sively regarded as controllers in biological processes and are closely
related with tumorigenesis. Our findings suggest that miRNA-448
could be a novel therapeutic target to alter BCL-2 function. miR-
NAs usually regulate gene expression at the post-transcriptional
level by binding complimentary sequences in the target mRNA 3'-
UTR [45]. They can function as tumor suppressors by negatively
modulating their mRNA targets [46]. miRNA-448 suppresses tumor
growth in colorectal and gastric cancer [13], inhibits cancer pro-
liferation in oral squamous cell carcinoma [11], and suppresses
bladder cancer cell growth and proliferation [47]. Zhu et al. [48]
reported that low expression of miRNA-448 induced the epithelial-
to-mesenchymal transition by partially regulating Rho-associated
coiled-coil-containing protein kinase 2 in HCC.

In conclusion, because of the lack of efficient chemotherapy for
treating HCC, the findings reported in this study, and other reports,
suggest that miRNA-448 and BCL-2 may be promising targets in the
future development of HCC treatments.
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