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Abstract: MicroRNAs have been proven to play important roles in many biological processes such as cellular growth
and differentiation, apoptosis, and modulation of host response to viral infection. In the present study, we find that
the expression of miR-146a was decreased in hepatocellular carcinoma (HCC) tissues compared with correspond-
ing adjacent tissues, and the expression level in HCC cell lines was lower than in a normal liver cell. Over-expression
suppressed the proliferation and invasion of HCC cells. In addition, luciferase reporter assays and western blotting
confirmed that miR-146a directly target TRAF6 which attenuated the effect of miR-146a on cell proliferation and
invasion in HepG2 and SMMC7721 cells. Meanwhile, lentivirus-mediated increased expression of miR146a re-
pressed tumor formation in nude mice. Taken together, our findings demonstrate that miR-146a suppresses HCC
by down-regulating TRAF6. We also discovered that miR-146a may represent a novel potential candidate of the HCC

carcinoma diagnostic marker in the long term.
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Introduction

Liver cancer is the sixth most common cancer
in the world, with 782,000 new cases diag-
nosed in 2012 alone. Hepatocellular carcino-
ma (HCC) is the dominant histological type of
liver cancer, and accounts for about 80% of pri-
mary liver cancer occurences [1]. In China spe-
cifically, HCC is a common type of cancer, and
is the second highest cause of mortality in the
country. More than 110,000 people die from
liver cancer each year, accounting for 45% of all
HCC deaths worldwide [2-4]. Despite therapeu-
tic advances, the five-year survival rate of HCC
is still below 5% [5-7]. HCC is the result of a
multistep process which involves the accumu-
lation of several structural and genomic altera-
tions, gene expression profile and intracellular
signal pathway alterations [8, 9]. Hence, it is
critical to clearly understand these alterations
and develop novel strategies for the early diag-

nosis, prognosis prediction and therapeutic tar-
get of patients with HCC.

MicroRNAs (miRNAs) are a large family of short
noncoding and evolutionarily conserved RNAs
that can negatively regulate gene expression
[10]. They can directly and imperfectly bind to
the 3’untranslated region of target messenger
RNAs (mRNAs), inducing the mRNA degrada-
tion, and eventually resulting in a decreased
expression of the target gene at a posttran-
scriptional level. MicroRNAs have been shown
to play an important role in malignancy by tar-
geting various tumor suppressors and onco-
genes, and by taking part in cancer stem cell
biology, angiogenesis, and epithelial-mesen-
chymal transition [11-14]. MicroRNAs are
regared as having applicable clinical values in
the early diagnosis of carcinoma. Increased
research has shown that microRNAs plays
important roles in the initiation and progression
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of many cancers such as breast cancer, gastric
cancer, lung cancer and bladder cancer [15-
19]. Therefore, it may provide new avenues for
HCC diagnostic and treatment regiments, if we
have a better knowledge of the miRNA gene
expression changes in HCC and the function of
microRNAs in the process of carcinogenesis
and metastasis [20-24].

MiR-146a, which belongs to a member of
microRNA, has been shown to play an impor-
tant role in adaptive immunity and the differen-
tiation of megakaryocytic and monocytic lin-
eages [25]. Multiple groups have indicated that
miR-146a may be an important negative regu-
lator of immune responses, done by repressing
two key target genes: TRAF6 and IRAK1 [26,
27]. Recent emerging evidence indicates that
miR-146a acted as a tumor suppressor during
tumor progression [25, 28]. over-expression of
miR-146a could inhibit various cancer cell inva-
sion and metastasis, such as breast [29], pan-
creatic [27] and prostate cancer [30]. However,
the molecular mechanism is still unclear. Given
the importance and specific functions of miR-
146a in cancer cells, further investigation into
the role and molecular mechanisms of miR-
146a in cancer development and progression
is needed.

In this study, we sought to determine the
expression and function of miR146a in HCC,
and investigate the molecular mechanism of
miR146a in the initiation and progression of
HCC.

Materials and methods
Samples

HCC tissues and adjacent tissues were kindly
provided by Professor Jiangfeng Qiu of the Renji
Hospital of Shanghai Jiao Tong University. The
specimens were both handled and made anon-
ymous according to ethical and legal standards.
All the tissues were collected during surgery
and immediately stored at -80°C until the RNA
and protein were later extracted. The study was
approved by the Medical Ethics Committee of
Shanghai Jiao Tong University (Shanghai, China)
and all participants provided a written consent
for their information to be stored in the hospital
database and used for research.

Immunohistochemistry

Immunohistochemical staining was performed
for TRAF6 to evaluate the immunoreactivity in
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the above-mentioned tissue samples [21].
Paraffin-embedded tissue sections (5 um thick)
were prepared. Slides were deparaffinized,
rehydrated and subjected to microwave heat
antigen retrieval in 0.01 M citrate buffer (pH
6.0) for 20-25 min. After blocking the endoge-
nous peroxidase activity with 3% H,O, for 15
min, the sections were incubated overnight
with primary antibodies against TRAF6 (1:300,
Abcam, USA) at 4°C. After washing with phos-
phate-buffered saline (PBS), staining was per-
formed by the Elivision™ plus two-step system
(Maixin Bio, Fuzhou, China). We visualized the
immunoreactivity using the chromogen, 3,
3’diaminobenzidine (DAB) (Maixin Bio, China).

The immunostaining frequency for each tumor
was scored as follows: 0 (<10%), 1 (10%-30%),
2 (31%-60%) and 3 (>61%). The staining inten-
sity was documented as O (no immunostain-
ing), 1 (weak), 2 (moderate), and 3 (strong). A
total immunostaining score results from the
multiplication of both parameters. Total sample
scores were based on the following scale: a
scale of O (-, total immunostaining score = 0),
1+ (score range from 1 to 2), 2+ (++, total immu-
nostaining score = 3~4), and 3+ (+++, total
immunostaining score = 6~7). Immunostaining
was assessed by an experienced pathologist
who was blinded to the clinical data of the
patients. The TRAF6 expression was deter-
mined by assessing the percentage and inten-
sity of the stained tumor cells. For TRAF6 pro-
tein, immunostainings were scored as strong
(2++ and 3+++), weak, or negative (1+ and 0),
according to the rate of labeled tumor cells and
membrane staining intensity.

Cell lines and cultures

Hepatocellular carcinoma cell lines (HCC-LM3,
QGY-7701, SMMC7721, HepG2) and the human
hepatocyte cell line (LO2) were cultured in
Dulbecco’s modified Eagle’s medium (DMEM,
Gibco, Grand Island, NY, USA) containing 10%
fetal bovine serum (FBS, Gibco). 100 units/mL
penicillin and 100 yg/mL streptomycin (Sigma,
St-Louis, MO, USA) are supplemented. All these
cell lines are incubated at 37°C in humidified
atmosphere consisting of 5% CO, and 95% air.

RNA extraction and quantitative real-time PCR

Total RNA was extracted from cell lines or fro-
zen tissues using trizol reagent and a miRNeasy
mini kit (invitrogen, USA). The Qrt-PCR reactions
were performed using an All-in-One™ miRNA
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qRT-PCR Detection Kit (GeneCopoeia Inc, USA),
and an iQ-5 (Bio-Rad) was used to monitor the
PCR in real-time. The average Ct, from triplicate
assays, was used for further calculations.
Relative expression levels were normalized to
control. The endogenous U6 snRNA was cho-
sen as the internal control. The 2-AACt (AACt =
(CtmiR-146a - CtUBRNA) - (control - CtUBRNA))
method was used to quantify the relative am-
ount of miR-146a.

Oligonucleotides transfection and luciferase
reporter assays

MiR-146a mimics and negative control (scram-
ble control mimic) were purchased from Ge-
neCopoeia Inc. (China, Guangzhou). Cells in
24-well plates (50% confluency) were co-trans-
fected with miR-146a mimic and TRAF6 3'UTR
Reporter (psiCHECK-TRAFG). A cell transfection
was performed using Lipofectamine® RNAIMAX
(invitrogen, USA) with a final concentration of
50 nM (miR-146a mimic) and 200 ng (psi-
CHECK-TRAFG). After being transfected for 6
hours, the medium was changed. The cells
were collected for a luciferase reporter assay
48 hours later. Luciferase activity was detected
using the Dual-Glo luciferase assay system
(Promega, Fitchburg, WI, USA), according to the
manufacturer’s instructions.

Lentivirus production

The lentivirus vector of miR-146a and TRAF6
was obtained from the Shanghai R&S Biote-
chnology (Shanghai, China), and cotransfected
with helper plasmids (pLP1-Gag-pol, pLP-VSVG,
and pLP2-Rev) into human embryonic kidney
293T cells. The supernatant was collected at
48 hours (48 h ) after transfection, and fresh
medium was added to the culture flask. After
the cells were cultured for another 24 h, the
supernatant was collected again. The superna-
tants collected from 48 and 72 h were mixed,
and the mixture was then centrifuged at 3000
rom for 15 min at 4°C. The liquid was filtered by
a 0.45-mm filter membrane, and the acquired
virus was stored at -80°C until use. The titers of
the lentivirus were 3*1078 transfer units per
ml (TU/ml).

Lentivirus infection
The cells were planted into 10 cm dishes (1076

cells/dish) one day before the lentivirus infec-
tion. The next day, when the confluence reached
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70%, the lentivirus was added into the dishes,
with a MOI (multiplicity of infection) of 15, to
infect HepG2 and SMMC-7721. The infection
efficiency was detected by a fluorescence
microscopy analysis of GFP 24 h after infection,
and the efficiency was ensured higher than
90%.

Cell proliferation assay

A Cell Counting Kit (CCK-8) assay was per-
formed to analyze the cell proliferation. All cells
were cultured in 10% CCK-8 (DOJINDO) and
diluted in normal culture media at 37°C. When
visual color conversion appeared, a quantifica-
tion was carried out on a microtiter plate reader
(Thermo, MuLTiISKAN MK3), and the data were
used to draw a growth curve.

Cell invasion assay

Transwell invasion chambers coated with
Matrigel (50 pl/filter) (BD Biosciences, Franklin
Lakes, NJ, USA) were used to analyze the inva-
sion capabilities of HepG2 and SMMC-7721
according to the manufacturer’s instructions.
After being infected with the lentivirus for 48 h,
the cells were transferred to the top of cham-
bers in a 1% fetal calf serum DMEM (4*10"4
cells/well). 500 yl DMEM with 10% fetal calf
serum was added into the lower chambers.
Cells were incubated for 24 h at 37°C in an
atmosphere containing 5% CO,. Invaded cells
on the lower surface were then stained with a
crystal violet stain.

Cell cycle assay

Following a 24 h transfection, the cells were
seeded into 6-well plates having a density of 1
x 105 cells/well, and then maintained in DMEM
containing 10% FBS. After being cultured for 72
h, the cells were harvested and fixed in 70%
(v/v) ice-cold ethanol. They were then stored
overnight at -20°C. The fixed cells were washed
twice with PBS (1mL) and stained in propidium
iodide solution (PI) (Invitrogen) (10 ug/mL) with
0.5 mg/mL RNase for 30 min at 4°C in the
dark. A flow cytometry was then performed
using a FACSCalibur cytometer (BD Biosciences,
USA) to examine the cell cycle distribution. We
performed these experiments in triplicate.

Western blotting

Total proteins of cells and tissues were extract-
ed according to the protein extraction kit
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week after the last lentivirus
injection, and the tumors col-
lected and weighted.

oo Statistical analysis

The data were presented as
the mean + standard devia-
tion (SD) of three separate
experiments. When two gro-
ups were compared, the dif-
ferences were analyzed us-
ing Student’s t-test. When
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Figure 1. MiR-146a expression in HCC cell lines and tissues. A. Real-time PCR
was used to determine relative miR-146a levels in four HCC cell lines and one USA).
normal liver cell. B. Relative expression of miR-146a levels in HCC tissues and
respective adjacent non-cancer tissues. Each dot represents a single sample.

(KEYGEN, China) guidelines, and the protein
concentration of each sample was determined
using the bicinchoninic acid protein assay kit
(Pierce Biotechnology, USA). Equivalent quanti-
ties of protein were separated by 12% SDS-
polyacrylamide gels and transferred to nitrocel-
lulose membranes. The membranes were
blocked with 10% defatted milk and then incu-
bated overnight with the appropriate primary
antibody. Next, they were washed and incubat-
ed for 1 h with the corresponding horseradish
peroxidase (HRP)-conjugated secondary anti-
body. The Bound secondary antibody was visu-
alized using an enhanced chemiluminescence
(ECL) system (Pierce Biotechnology, Rockford,
IL). The primary antibodies used were: anti-
GAPDH and anti-TRAF6 (CST, USA).

In vivo studies

We investigated the carcinogenesis of miR-
146a and TRAF6 in nude mice that harbored a
hepatocellular tumor. HepG2 cells (2*1076)
were injected subcutaneously into the posteri-
or flanks of female nude mice aged 6 weeks, to
establish a tumor-bearing animal model.
Following this injection, the tumor diameters
were measured every 3 days. Tumor volume
was calculated as length x width2 x %> mm3.
When the tumor size reached 50 mm3, 50 pl
lentivirus were injected into the tumors every 3
days, for five times. The mice were killed one
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oé, more than two groups were
compared, a one-way analy-
sis of variance (ANOVA) was
used instead. All statistical
analyses were performed
with SPSS 16.0 (SPSS Inc.,
The difference was
considered statistically sig-
nificant at P < 0.05.

Result

MiR-146a is downregulated in HCC cell lines
and tissues

To explore the difference of the miR-146a
expression levels between HCC cells and nor-
mal liver cells, we detected miR-146a expres-
sion in HCC-LM3, QGY-7701, SMMC7721,
HepG2 and LO2 cell. The expression of miR-
146a was significantly down-regulated in HCC
cell lines compared with the LO2 cell (Figure
1A). We then examined the expression in 20
pairs of HCC tissues and matched the tumor
adjacent tissues. As shown in Figure 1B, the
expression of miR-146a in HCC tissues was
lower than in adjacent tissues (Figure 1B). In
our study, miR-146a expression levels in the
QGY-7701, SMMC7721 and HepG2 cell lines
were much lower than in LO2 cells. SMMC7721
and HepG2 cells were then selected for further
studies.

Over-expression of miR-146a inhibits HCC cells
proliferation

To investigate the effect of miR-146a on HCC
cell proliferation, we used the miR-146a over-
expression lentivirus to infect HepG2 and
SMMC-7721 (Figure 2A). The result showed
that the expression of miR-146a was remark-
ably up-regulated in HepG2 and SMMC-7721
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Figure 2. Over expression of miR-146a inhibits growth of HCC cells. (A) HepG2 and SMMC-7721 were infected with
a scramble lentivirus (Control) over-expression lentivirus of miR-146a (miR-146a OE), and then imaged by fluores-
cence microscopy after 24 h. Magnifcation x 200; scale bar, 200 mm. (B) Real-time PCR was used to measure the
relative expression level of miR-146a in HepG2 and a SMMC-7721 infected with indicated lentivirus. (C) The prolif-
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eration rate of HepG2 and SMMC-7721 infected with indicated lentivirus was measured by a CCK-8) assay. (D and
E) The cell cycle distribution of HepG2 (D) and SMMC-7721 (E) infected with indicated lentivirus was analyzed using
flow cytometry. The number of cells in GO/G1, S and G2/M phases are shown (n = 3).
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Figure 3. Over-expression of miR-146a inhibits invasion of HCC cells. A. Matrigel invasion chambers were used to
determine the invasiveness of HepG2 and SMMC-7721 cells, stained with crystal violet and then photographed. B.

The invading cells were lysed and the OD570 is measured.

cells after the lentivirus infection (Figure 2B).
Further, the up-regulation of miR-146a signifi-
cantly inhibited cell growth in HepG2 and
SMMC-7721 (Figure 2C).

A cell cycle analysis was performed with HCC
cells infected by miR-146a over-expression len-
tivirus. We observed a significant increase in
the G1-phase cell population at 72 h post-infec-
tion when compared with the negative control.
Meanwhile, a concomitant decrease of the S/
G2-phase population in HepG2 and SMMC-
7721 also occurred (Figure 2D and 2E) and led
to cell cycle arrests in the HCC cells. All the
results demonstrated that an over-expression
of miR-146a inhibits HCC cell proliferation.

Over-expression of miR-146a inhibits HCC cell
invasion

To investigate the effect of miR-146a on the
invasion capability of HCC cells, we performed
a Transwell assay in HCC cells. Figure 3 shows
the changes in the invasion capacity of HCC
cells. HepG2 and SMMC-7721 cells infected
with miR-146a over-expression lentivirus sh-
owed a significantly decreased invasion capa-
bility when compared with the negative control
lentivirus infected cells.
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TRAFG6 is a direct target of miR-146a

To explore the mechanisms of miR-146a in HCC
cells, we used bioinformatics analysis to find
the direct target of miR-146a. We found that
the 3-UTR of TRAF6 contained a conserved
putative target site for miR-146a (Figure 4A).
Meanwhile, we discovered that TRAF6 was
inversely expressed with miR-146a in HCC tis-
sues and cell lines (Figure 4B and 4C). Thus, we
constructed luciferase vectors carrying 3'-UTR
of TRAF6 behind the firefly luciferase gene cod-
ing region. As shown in Figure 4D, a miR-146a
mimic repressed the luciferase activity, and the
repress phenomenon was meanwhile largely
abolished when the miR-146a binding site was
deletion mutated in the TRAF6 3’-UTR. In addi-
tion, real-time PCR and western blot analysis
also showed that the transfected miR-146a
mimic remarkably suppressed TRAF6 expres-
sion in HepG2 and SMMC-7721 cells (Figure
4E).

The expression of TRAF6 is increased in HCC
tissue

To further assess the expression of TRAFG, we
immunohistochemically stained TRAF6 in the
tissue sections of HCC and in their correspond-
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Table 1. TRAF6 expression detected by immunohistochemistry in
HCC tissues

MiR-146a suppressed cell
proliferation and invasion
through inhibiting TRAF6
expression in HepG2

To investigate the role of
miR-146a through inhibiting
TRAF6, a TRAF6 over-expres-
sion lentivirus was used to
restore TRAF6 expression in
HepG2 cells (Figure 6A). An
over-expression of TRAF6
promoted HepG2 cell prolif-
eration and invasion (Figure
6B and 6C), and the over-
expression of TRAF6 also
rescued the miR-146a-medi-
ated inhibitory effect on the
proliferation and migration of
HepG2 cells.

MiR-146a inhibited the
growth of HepG2-engrafted
tumors

To further explore the effect
of miR-146a on tumor growth
in vivo, we injected HepG2
cells into nude mice. Len-
tivirus were injected into
tumors every 3 days, with a
dose of 1077 TU adminis-
tered per nude mice when
the tumor volume reached
50 mm3. Compared with the
negative control lentivirus
injected group, the tumors in
the miR-146a-5p over-ex-
pression lentivirus injected
group grew in significance
only slightly. While the TRAF6
over-expression lentivirus in-
fection accelerated the gr-
owth of tumors and reversed
the inhibitory effect of the

Histological type \UmPer of TRAF6 expression n(%) miR-146a-5p over-expressi-

patient - + ++ o+t on lentivirus (Figure 7A and
Normal tissue 5 2 (40%) 0(0.0) 0(0.0) 3 (60%) 7B).
HCC 5 0(0.0) 0(0.00 0(0.0) 5(100%)

Discussion

ing adjacent non-cancerous tissues. Table 1 The roles of miRNAs in cancer has been report-
and Figure 5 show that the TRAF6 protein is ed by many researchers in recent decades. Our
abundantly expressed in the HCC tissue, which study showed that the expression of miR-146a
is similar to the PCR result. It is worth noting was downregulated in HCC cells and HCC tis-
that more expressions of TRAF6 was found in sues. By contrast, a lentivirus-mediated up-
the normal adjacent tissue. expression of miR-146a inhibits the prolifera-
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HCC tissue

Adjacent tissue

Figure 5. TRAF6 expression in HCC tissues. Immunohistochemistry images showing the expression level of TRAF6 in
HCC tissue and the corresponding adjacent non-cancerous tissue.

tion and invasion of HCC cells. With regard to
the mechanism, our results indicated that miR-
146a directly targeted TRAFG to inhibit cell pro-
liferation and invasion in HCC cells. More im-
portantly, the TRAF6 rescued the miR-146a-me-
diated inhibition of cell invasion and prolifera-
tion. Moreover, we detected the expression of
TRAF6 and miR-146a in HCC tissues and HCC
cells, and the result indicated that there was an
inverse correlation between the miR-146a and
TRAFG6 expression. We also performed a subcu-
taneous tumor forming assay on nude mice
and our results prove that miR-146a significant-
ly repressed the growth of HCC cells. Further
western blot analysis demonstrated the nega-
tive regulation of miR-146a to TRAF6. These
results indicate that miR-146a may play an
important role in promoting the carcinogenesis
of HCC, and more importantly, the findings sug-
gest that miR-146a is a potential therapeutic
choice in HCC.

MicroRNAs (miRNAs) are a type of small con-
served RNA molecules, approximately 17-22
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nucleotides in length. Due to its important roles
in physiology and pathology, miRNA has attract-
ed more and more attention in the past ten
years [31-33]. miRNAs are involved in the regu-
lation of cell proliferation, migration and apop-
tosis, which are associated with the develop-
ment and progression of various types of
cancer. Some of the miRNAs function as tumor
suppressor genes and oncogenes [34-36]. MiR-
146 has been reported as a potential tumor
suppressor, which was identified as one of the
miRNAs downregulated in HCC [31], breast can-
cer [37], pancreatic cancer [38], and hormone
refractory prostate cancer [27]. It has also
been reported that miR-146a inhibited cancer
cell metastasis by targeting IRAK-1 [39-41],
and regulated migration and invasion of HCC
cells through inhibiting HAb18G. The results of
our study indicate that the expression of miR-
146a was downregulated in HCC cells and HCC
tissues. Our study also shows that the up-
expression of miR-146a inhibits cell prolifera-
tion and invasion in HCC cells. Over-expression
of miR-146 also inhibits tumor growth in vivo,

Am J Cancer Res 2016;6(11):2502-2513
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Figure 6. Over expression TRAF6 rescues growth and invasion inhibitory effect of over-expression miR-146a. (A) A
Western blot analysis was used to determine relative levels of TRAF6 protein in HepG2 cells infected with the indi-
cated lentivirus. GAPDH was used as the loading control. (B) The proliferation rate of HepG2 from each treatment
group was measured by a CCK-8 assay. (C and D) The invading HepG2 cells were photographed (C) and the OD570

was measured (D).

which confirmed miR-146a was a potential
tumor suppressor.

TRAFG is a member of the TNF receptor-associ-
ated factor (TRAF) family of proteins. Other
research has shown that TRAF6 was a com-
monly amplified oncogene in many cancers,
such as lung cancer [42], papillary thyroid carci-
noma [43], pancreatic cancer [44] and esopha-
geal squamous cell carcinoma [45]. TRAF6 is
reported as a target of miR-146a [43]. More-
over, using a bioinformatics analysis, we dis-
covered that the 3-UTR of TRAF6 contained a
conserved putative target site for miR-146a. A
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TRAF6 over-expression-Lentivirus was used to
investigate the molecular mechanism of miR-
146a in HCC in vitro and in vivo. The data of
luciferase reporter assay indicated that TRAF6
is a direct target of miR-146a. Our study showed
the up-regulated expression of TRAF6 in HCC
tissue and cells. An over-expression of the
TRAFG6 lentivirus can promote HCC cell prolifer-
ation, invasion and tumor growth, and reverse
the effect of miR-146a on HCC in vitro and in
vivo. All the above results imply that miR-146a
may function as a negative regulator and tumor
suppressor for cell proliferation, invasion and
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Figure 7. MiR-146a regulates growth of HepG2 cells in a subcutaneous mouse model. A. Photograph shows tumor
size in each treatment group. B. Tumor growth was measured by tumor volume.

tumor growth in HCC. And TRAF6 is an onco-
gene in HCC as a target of miR-146a.

As with previous reports, we confirm that miR-
146a act as a tumor suppressor miRNA in HCC
tumorigenesis and progression. MiR-146a
inhibits HCC cell proliferation, invasion and
tumor growth partly through the downregula-
tion of TRAF6. Given that the reintroduction of
miR-146a inhibited tumor formation in the
nude mice HCC model, this mature miRNA
could serve as a potential therapeutic strategy
for HCC. Our findings are encouraging and sug-
gestting that miR-146a could be targeted for
the development of novel HCC treatment in the
future.
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