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miR-1285-3p acts as a potential tumor suppressor miRNA via
downregulating JUN expression in hepatocellular carcinoma
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Abstract In the world, hepatocellular carcinoma (HCC) is
one of the most common and most lethal cancers. Currently,
standard therapy for unresectable HCC is a local-regional
therapy with transarterial chemoembolisation (TACE). In this
study, we sought to assess whether plasma circulating
microRNAs (miRNAs) can be used to predict the prognosis
of HCC patients receiving the TACE treatment. Firstly, we
systematically examined TACE therapeutic effectiveness-
related circulating miRNAs through miRNA Profiling Chips.
As a result, we identified 19 circulating miRNAs to be signif-
icantly differentially expressed between the TACE-response
group and the TACE-nonresponse group. In the second stage,
we performed quantitative analyses of these candidate
miRNAs in additional HCC patients treated with TACE and
validated two of the aforementioned 19 miRNAs (miR-1285-
3p and miR-4741) as candidate biomarkers for predicting
prognosis of TACE. Interestingly, we found that miR-1285-
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3p could directly repress JUN oncogene expression in HCC
cells, indicating miR-1285-3p could act as a potential tumor
suppressor. In conclusion, our data indicate that circulating
miR-1285-3p and miR-4741 was predictive of response to
TACE therapy in HCC.
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Introduction

In the world, hepatocellular carcinoma (HCC) is one of
the most common and most lethal cancers [1, 2]. When
diagnosed, only about 30 % HCC patients are eligible
for receiving surgery. Currently, standard therapy for
unresectable HCC is local-regional therapy with
transarterial chemoembolisation (TACE) [1-4]. While
blocking the primary artery from feeding the tumor
cells, TACE also concentrates on chemotherapeutic
agents at the tumor site. Therefore, TACE is an effec-
tive and widely used approach to prolong the survival
of HCC patients. Multiple baseline clinical factors, in-
cluding liver function, performance status, and tumor
stage could affect treatment outcomes of TACE among
HCC patients [3, 4]. There were few studies on the
identification of biomarkers for the prediction of HCC
patient outcomes and prognosis after TACE treatment.
Novel biomarkers are warrants to be discovered to im-
prove patient clinical outcomes and tailor the treatments
based on the individual profile of each patient.

As a class of regulatory small noncoding RNA,
microRNAs (miRNAs) could bind to target messenger
RNA (mRNA) and regulate posttranscriptional gene ex-
pression [5, 6]. During this regulation process, miRNAs
can pair to complementary binding sites within the 3’
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untranslated region (3’-UTR) of hundreds of target
mRNAs [5, 6]. As a result, miRNAs impair the translation
or promote the degradation of their target mRNAs and,
thus, are involved in crucial processes [5—7]. Genetic
changes interrupting regulation of miRNAs on their target
genes (oncogenes or tumor suppressors) are associated
with multiple malignants [8—11]. Previous studies have
reported important roles of miRNAs during HCC devel-
opment and progression [12—-16]. Most previous studies
on miRNA expression have been performed on tissue
samples. However, accumulated evidences have shown
diagnostic and prognostic potential for circulating
miRNAs [17-21] because tumor-derived miRNAs can be
present and exist stably in blood [17-21].

In this study, we sought to assess whether plasma
circulating miRNAs can be used to predict the progno-
sis of HCC patients receiving the TACE treatment. To
the best of our knowledge, this is the first study to
investigate the role of circulating miRNAs in predicting
HCC prognosis. We systematically examined TACE
therapeutic effectiveness-related circulating miRNAs in
a two-stage way. In the first stage, we determined
differentially expressed plasma circulating miRNAs in
TACE-treated HCC patients with different therapeutic
effectiveness through miRNA microarrays. In the second
stage, we then performed quantitative analyses of these
candidate miRNAs in additional HCC patients treated
with TACE. Moreover, we investigated the potential role
of miR-1285-3p in HCC cells through a series of bio-
chemistry assays.

Materials and methods
Study population

A total of 97 unresectable HCC patients treated with TACE
were recruited into the current study between October 2012
and May 2013 at the Department of Intervention Surgery,
Shandong Cancer Hospital, Shandong Academy of Medical
Sciences (Jinan, Shandong Province, China). All HCC pa-
tients had no history of other cancers or cancer-related therapy.
There was no restriction on age, sex, or disease stage for
patient recruitment. All patients received TACE as the first-
line treatment and were Han Chinese. During TACE treat-
ment, the chemo regimens include 30 mg epirubicin, 30 mg
cyano-camptothecin, and 40 mg cisplatin. All enrolled cases
received the same chemo regimens. All blood samples were
collected prior to TACE treatment. This study was approved
by the Institutional Review Board of Shandong Cancer Hos-
pital, Shandong Academy of Medical Sciences, and the signed
informed consent was obtained from each patient.
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RNA isolation and genome-wide microRNA expression
profiling

The whole blood was separated into plasma and cellular
fractions within 24 h after sample collection. Plasma-derived
total RNA was isolated using mirVana™ PARIS™ Kit
(Ambion) according to the protocol supplied by the manufac-
turer for liquid specimens. Agilent 2100 Electrophoresis
Bioanalyzer was used to examine quality of total RNA sam-
ples. Expression of miRNA was profiled utilizing Human
miRNA OneArray® miRNA Profiling Chip (version
HmiOAA4.1, based on Sanger’s miRBase database release
19) (Phalanx Biotech). For miRNA profiling, we used two
pooled serum samples; one was pooled from the five patients
in the group with good response to TACE treatment and the
other was from the five patients in the group with no response
to TACE treatment. A total of 2.5 ng total RNA from these
two mixed samples was used for profiling.

Quantitative reverse-transcription polymerase chain reaction

A miRNA quantification was performed by quantitative real-
time polymerase chain reaction (QRT-PCR) using TagMan
MicroRNA Reverse Transcription Kit (Applied Biosystems)
and FastStart Universal Probe Master (Roche) according to
manufacturer’s protocol. Each TagMan MicroRNA Assay
primer set in this study was purchased from Applied
Biosystems. For miRNAs with no ready-to-use TagMan
MicroRNA Assay primer sets, their expression levels were
examined through using Bulge-Loop™ qRT-PCR Primer Set
(RiBoBio), the ReverTra Ace gPCR RT Kit (TOYOBO), and
Quantitect SYBR-Green Real-time PCR Master Mix
(TOYOBO). All samples were run in triplicate. The expres-
sion levels of each circulating miRNA are presented as the
threshold cycle (Ct) values, defined as the fractional cycle
number at which the fluorescent signal surpasses the fixed
threshold in qRT-PCR. During data analysis, we utilized the
comparative Ct method (ACt), normalized by subtracting the
Ct value of an endogenous reference (U6-small nuclear RNA)
from each miRNA (i.e., ACt=CtypirNa of interest— Ctus). Data
were summarized as mean and standard deviation (SD) of
ACt value for each miRNA by disease group; fold change
(calculated as the relative value 2 (ACT (eroupl)=ACT (group2)))
was also reported. Comparisons between groups were con-
ducted using Student’s #-test.

Cell proliferation assay

In a 37 °C humidified incubator containing 5 % CO,, human
HCC cells Hep3B and PLC/PRF/5 were cultured with RPMI
1640 supplemented with 10 % fetal bovine serum (FBS).
Hep3B and PLC/PRF/S cells were seeded in 96-well plates.
After being cultured for 24 h, HCC cells were transfected with
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30 nmol/L miR-1285-3p mimics or noncoding RNA
(ncRNA). WST-1 cell proliferation assay (Roche) was utilized
at various days after transfection.

Target prediction of miRNAs and luciferase activity assay

The miR-1285-3p targeting genes were predicted using the
algorithm TargetScan Human 6.2 (http://www.targetscan.org).
A 379-bp fragment of the human JUN 3'-UTR (spanning from
nucleotides 2608-2986, NM_002228.3) was amplified by
PCR using primers JUN-3F (5'-GCTTCATGCCTTTGTA
AGT-3") and JUN-3R (5'-CCCTCCTCCTCATATTGGAC-
3") and was cloned downstream of the firefly luciferase gene
present in the pMIR-REPORT vector (Ambion) to develop the
pMIR-JUN 3'-UTR-WT plasmid.

Hep3B and PLC/PRF/S cells were seeded in 24-well plates
and each transfected with 50 ng of either pMIR-JUN 3’-UTR-
WT or pMIRREPORT together with 1 ng pRL-SV40 vector
(Promega), which contains the Renilla luciferase gene, and
30 pmol miR-1285-3p mimics or ncRNA. All transfections
were done using Lipofectamine® 2000 (Invitrogen). At 24 h
after transfection, firefly and Renilla luciferase activities were
examined using the Dual-Luciferase Reporter Assay
(Promega). Each transfection was performed in triplicate.

Furthermore, pMIR-JUN 3'-UTR-WT was mutated in the
seed-match sequence for miR-1285-3p (original seed-match
sequence: UGCCCAG; mutated seed-match sequence:
GAAACGA). The mutated plasmid was named as pMIR-
JUN 3’-UTR-M. pMIR-JUN 3'-UTR-M was cotransfected
with miR-1285-3p mimics or ncRNA to Hep3B and PLC/
PRF/5 cells as described above. At 24 h after transfection,
luciferase activities were examined. Each transfection was
also repeated in triplicate.

Real-time RT-PCR and Western blot analysis of JUN
expression

Hep3B and PLC/PRF/5 cells either transfected with miR-
1285-3p mimics or ncRNA were collected 24 h after drug
treatment or transfection. JUN and GAPDH real-time PCR
primer and probe sets (Assay ID Hs01103582 sl and
Hs02758991 gl, respectively) were inventoried products of
Applied Biosystem. GAPDH mRNA was quantified as an
endogenous control of internal RNA from each sample. Anal-
yses were performed using a standard TagMan PCR Kit
protocol. For each data point, experiments were carried out
in triplicate.

Hep3B and PLC/PRF/S cells either transfected with miR-
1285-3p mimics, JUN small interfering RNA (siRNA), or
ncRNA were lysed for 15 min at 4 °C with the RIPA buffer.
A total of 10 pg of extract was separated in 10 % SDS-PAGE
and then blotted onto nitrocellulose membrane
(Immobilon-NC, Millipore). JUN was detected with the

monoclonal anti-JUN antibody (sc-1694; Santa Cruz
Biotechnology, Inc., Santa Cruz, CA) at 4 °C overnight.
For GAPDH detection, we used a rabbit polyclonal
antibody together with an anti-rabbit HRP-conjugated
secondary antibody (Santa Cruz). For the detection of
blots, SuperSignal chemiluminescence kit (Pierce) was
used according to the manufacturer’s instructions.

Statistical analyses

Results were expressed as mean+standard deviation. z-tests
were used to calculate differences between dual-luciferase
reporter gene assays and qRT-PCR mRNA expression levels
of JUN. Mann—Whitney U analyses of variance were used to
evaluate statistical differences in plasma miRNA expression
between unpaired samples. Bonferroni correction was used
for multiple comparisons. The statistical analysis was per-
formed in SPSS version 16.0.

Results
Characteristics of the study population

Demographic and clinical characteristics of the 97 HCC pa-
tients with TACE treatment are summarized in Table 1. For
the total of 97 patients, the median age at the time of HCC
diagnosis was 55 years (SD=10.4 years). The majority of
patients (81.4 %) were males and 83 (85.6 %) of all patients
had hepatitis B virus infection. About 85.6 % (n=83) of
patients had liver cirrhosis and 82 patients (84.5 %) had a
Child—Pugh score A. There were 20.6 % (n=20) of patients
with tumor size of <5 cm, 57.7 % (n=56) with single tumor,
and 47.4 % (n=46) with significantly increased serum alpha-
fetoprotein (AFP) (>200 lg/L). According to the sixth edition
of TNM Classification of International Union Against Cancer,
the percentage (number) of patients with TNM stages I and II,
III, and IV was 8.2 (n=8), 36.1 (n=35), and 55.7 % (n=54),
respectively. We divided the HCC cases as “good responders”
and “no responders” as follows: good responders include ones
achieved complete response (CR), partial response (PR), or
stable sisease (SD); and no responders are cases with progres-
sive disease (PD) after TACE.

Identification of TACE associated circulating miRNAs

We first examined differential expression of miRNAs
between two pooled samples (five patients with good
response to TACE treatment and the other five patients
with no response to TACE treatment) using Human
miRNA OneArray® miRNA Profiling Chip. After nor-
malizing all data to the expression level of small RNA
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Table 1 Selective characteristics of HCC patients with TACE treatment

Variables Patients (n=97) (%)
Sex

Male 79 (81.4)

Female 18 (18.6)
HBsAg

Positive 83 (85.6)

Negative 14 (14.4)
Liver cirrhosis

Positive 78 (80.4)

Negative 19 (19.6)
Tumor size (cm)

<5 20 (20.6)

>5 77 (79.4)
Tumor numbers

Single 56 (57.7)

Multiple 41 (42.3)
TNM

Tand I 8(8.2)

11 35 (36.1)

v 54 (55.7)
Child—Pugh score

A 82 (84.5)

B 15 (15.5)
Serum AFP (pg/L)

<200 51 (52.6)

>200 46 (474)
Response to TACE

Complete response (CR) 17 (17.5)

Partial response (PR) 17 (17.5)

Stable disease (SD) 21 (21.7)

Progressive disease (PD) 42 (43.3)
Age (years)

Mean=SD 55+104

HCC hepatocellular carcinoma, TACE transarterial chemoembolization

U6, we found 19 circulating miRNAs to be significantly
differentially expressed between the TACE-response

Fig. 1 Expression levels of miR-
1285-3p and miR-4741 in HCC
plasma samples. Representation
of normalized expression levels
of miR-1285-3p and miR-4741
by fold change

Fold Change
O B N W b

miR-1285-3p

P=0.023

group and the TACE-nonresponse group (P<0.0001
and fold change >2; still significant after Bonferroni
correction) (Supplementary Table 1 and Supplementary
Fig. 1).

We then validated expression of the 19 circulating miRNAs
identified by the expression profiling in the remaining 87
samples through TagMan MicroRNA Assays (hsa-let-7f-5p,
hsa-miR-1285-3p, hsa-miR-1306-3p, hsa-miR-1306-5p, hsa-
miR-2681-3p, hsa-miR-3156-5p, hsa-miR-432-5p, hsa-miR-
4419a, hsa-miR-4458, hsa-miR-4498, hsa-miR-4514, hsa-
miR-4676-5p, hsa-miR-4690-5p, hsa-miR-4741, hsa-miR-
5096, and hsa-miR-620) or SBRY Green miRNA assays
(hsa-miR-4745-5p, hsa-miR-5196-3p, and hsa-miR-5585-
3p). We observed that the expression levels of miR-1285-3p
and miR-4741 are significantly downregulated in plasma
samples of HCC case with bad response to TACE compared
to those in the good response group (3.1-fold, P=0.023 and
4.6-fold, P=0.001) (Fig. 1).

miR-1285-3p inhibits proliferation of HCC cells

To reveal the potential role of miR-1285-3p in HCC, we firstly
examined the inhibition effects of miR-1285-3p on Hep3B or
PLC/PREF/S cells. Cell proliferation rates were measured by
WST-1 assay for 3 days after transfection of miR-1285-3p
mimics into Hep3B or PLC/PRF/5 cells. It was found that
miR-1285-3p mimics could inhibit Hep3B or PLC/PRF/5 cell
proliferation significantly compared to NC RNA (Fig. 2),
demonstrating that miR-1285-3p might act as a tumor-
suppressor in HCC.

miR-1285-3p downregulates JUN expression by directly
targeting its 3-UTR

To reveal the potential role of miR-1285-3p in HCC,
putative human protein-coding gene targets of miR-
1285-3p were identified by using the TargetScan algo-
rithm. It has been showed that the JUN gene 3'-UTR
harbors a putative binding site for miR-1285-3p (posi-
tion 616-622 of JUN 3'-UTR). To examine the potential

miR-4741

P =0.001

OR NWMA”WM
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Good response Bad response

(n=50)
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Fig. 2 miR-1285-3p inhibits Hep3B PLC/PRF/5
proliferation of HCC cells. In 3.0 - 35 -
both Hep3B (left panel) and PLC/
PRF/5 (right panel) cells, miR- 3 25 Q 3.0 1
1285-3p mimics could inhibit cell g X 55
e T Q 20 a 4
proliferation significantly o) o)
compared to NC RNA < 154 < 2.0+ —-NC
B & 151 --miR-1285-3p
; 1.0 4 ; 1.0 -
0.5 A 05 -
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interaction between miR-1285-3p and JUN 3'-UTR, the
human JUN 3’-UTR was subcloned in pMIR-REPORT
and cotransfected into Hep3B and PLC/PRF/5 cells with
miR-1285-3p mimics. miR-1285-3p-transfected Hep3B
or PLC/PRF/5 cells showed a 56 or 49 % decrease of
relative luciferase activity compared with the ncRNA-
transfected cells (both P<0.05) (Fig. 3b). When HCC
cells were transfected with both miR-1285-3p mimics
and plasmids harboring mutated miR-1285-3p seed-
match sequence (pMIR-JUN 3’-UTR-M), no significant-
ly decreased relative luciferase activity was found com-
pared with the ncRNA control group (both P>0.05)
(Fig. 3b), suggesting that miR-1285-3p may inhibit gene
expression through both miR-285-3p-binding sequences
at the 3’-UTR of JUN.

To further study whether JUN was a target gene of
miR-1285-3p, we examined JUN mRNA and protein
expression levels in Hep3B and PLC/PRF/5 cells with
or without miR-1285-3p mimic or JUN siRNA expres-
sion. As shown in Fig. 4a, JUN siRNA significantly
inhibits JUN mRNA expression in both Hep3B and

1.2
©
g S o0s ]
o " =
S 2 S
- @ 0.6 =
£
-2 2
59" 5
(]
o 02 &
o,

Hep3B PLC/PRF/5

Fig. 3 The dual-luciferase reporter gene assay. a The 3'-UTR of JUN
was inserted in the pMIR-REPORT reporter plasmid after the luciferase
coding sequence (pMIR-JUN 3’-UTR-WT). pMIR-JUN 3'-UTR-WT was
cotransfected into Hep3B and PLC/PRF/5 cells with 30 pmol miR-1285-
3p mimics or ncRNA. Luciferase activity was normalized relative to a
simultaneously transfected Renilla expression plasmid. b When the seed-

expression

PLC/PRF/5 cells (both P<0.05). Overexpression of
miR-1285-3p in HCC cells could also significantly re-
duce JUN mRNA expression compared with cells
transfected with negative control small RNA (both
P<0.05). Western blot analysis showed that forced ex-
pression of miR-1285-3p or JUN siRNA in HCC cells
resulted in a significant reduction of JUN expression
(Hep3B: miR-1285-3p, 82 %, JUN siRNA, 85 %;
PLC/PRF/5: miR-1285-3p, 90 %, JUN siRNA, 97 %)
(Fig. 4b). These data elucidate that JUN might be a
direct gene of miR-1285-3p in HCC.

Discussion

In the current study, we found that the HCC patients
with good response to TACE or had response to TACE
have different circulating miRNA signatures. The ex-
pression levels of differentially expressed miR-1285-3p
and miR-4741 showed a consistent downregulation in
HCC cases with bad response to TACE compared to

1.2

0.8 -

0.6 B ncRNA

0.4 ¥ miR-1285-3p

0.2 -

Hep3B PLC/PRF/5

match sequence of pMIR-JUN 3'-UTR-WT was mutated, the plasmid
was named as pMIR-JUN 3'-UTR-M. Inhibition effects of miR-1285-3p
mimics on pMIR-JUN 3’-UTR-M are shown in b. Results of the mean of
triplicate assays with standard deviation of the mean are presented.
"P<0.05
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B Hep3B
H PLC/PRF/5

Relative Jun mRNA
expression

ncRNA miR-1285-3p siJUN

Fig. 4 Inverse correlation between miR-1285-3p and JUN mRNA and
protein levels in Hep3B and PLC/PRF/5 cell lines. a Real-time RT-PCR
analysis of JUN expression in Hep3B and PLC/PRE/S cell lines either
transfected with miR-1285-3p mimics, JUN siRNA, or ncRNA. GAPDH
mRNA from each sample was quantified as an endogenous control of

ones with good response to TACE. We presume that the
decrease of miR-1285-3p and miR-4741 expression in
the good response group might be related to TACE,
either a result of shrunken HCC tumors or other human
body biological changes of the HCC patients. In addi-
tion, we found that miR-1285-3p might directly target
JUN oncogene in HCC cells.

Tian et al. reported that miR-1285 may act as an
oncogene in HCC HepG2 cells [22]. The well-known
tumor suppressor p53 plays an essential part in the
regulation of multiple cellular processes. However, we
found that miR-1285-3p might play its role as tumor
suppressor via repress JUN oncogene expression in
HCC cells. Therefore, we speculate that the increased
levels of miR-1285 in HCC patients with good response
to TACE might be due to diminished controls of JUN
expression by miR-1285 and enhanced JUN pathway in
HCC lesions of these patients. This is critical because
increased expression of circulating miRNAs could be
indicative of miRNAs secreted from a tumor, raising
the overall diagnostic specificity of the biomarker. For
miR-4741, no reports on its role in HCC have been
found up to now.

The activating protein 1 (AP-1) family proteins are
diametric transcription factors, which consist of JUN
and c-Fos [23, 24]. After binding to DNA [24, 25],
the AP-1 family regulates multiple downstream genes
which are important regulators of cell proliferation, dif-
ferentiation, invasion, and metastasis and, thus, plays a
crucial part in carcinogenesis [25]. In AP-1, although
JUN is able to both homo- and heterodimerize, JUN-—
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internal RNA. Each determination was done in triplicate. Mean+standard
deviation. "P<0.05. b Western blot assay of JUN protein expression in
Hep3B and PLC/PRF/5 cell lines normalized based on GAPDH expres-
sion. Hep3B and PLC/PRF/5 cell lines were transfected with miR-1285-
3p mimics, JUN siRNA or ncRNA

Fos heterodimers exist more stably and have stronger
DNA-binding activity than JUN-JUN homodimers [26].
JUN is the cellular homologue of v-Jun, one of the
transforming oncogenes from the avian sarcoma virus
17 [27, 28]. Accumulated evidences indicated that JUN
is important in tumorigenesis and progression of HCC
[29, 30]. Upregulation of JUN was identified in human
HCC tissues [30]. Moreover, data of mouse models with
inactivated JUN showed that the size of hepatic tumors
induced by diethylnitrosamine significantly shrank, and
the number of hepatic tumors reduced [29]. In HCC,
JUN is involved in both ERK and JNK signaling path-
ways and impacts cancer cell proliferation as well as
migration [30-32]. All aforementioned results suggest
that JUN may have an important role in HCC. In the
current study, we identified a JUN-regulatory miRNA
(miR-1285-3p), which adds another layer of aberrant
JUN expression regulation in HCC.

There are several limitations in the current study. First,
there might be inherent selection bias since this was a
hospital-based study including cases from one hospital. There-
fore, these findings warrant validation in a population-based
prospective study. Second, the statistical power might be
limited because of the sample size. Third, future studies with
the follow-up data will need to address impacts of circulating
miR-1285-3p and miR-4741 on patient survival in the future.

In all, our observations strongly support the potential
application of circulating miR-1285-3p and miR-4741
were predictive of response to TACE therapy among
HCC patients in a minimally invasive way. miR-1285-
3p might be a tumor suppressor in HCC cells.
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