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Abstract: Background: Gallbladder cancer (GBC) is the seventh most common gastrointestinal cancer. Suppression
of autophagy contributes to cell death of gallbladder cancer. Gensenoside Rg3 sensitizes tumor cells to chemo-
therapeutic agents through autophagy inhibition. However, its role mechanism on the progression of GBC remains
vague. The present study is aimed to explore the functional action of Rg3 on GBC progression. Methods: Expression
of miR-181b and CREBRF in human gallbladder carcinoma specimen were determined by western blotting and
gRT-PCR. Biological character of tumor cells were assessed by FACS, CCK8 and xenograft assays, respectively.
Dual luciferase assay was employed to explore the targeting site of miR-181b. Autophagy flux was detected by IF
staining. Results: MiR-181b expression was increased, while CREBRF expression was reduced in GBC specimens
compared to adjacent normal tissues. Based on Catalogue of Somatic Mutations in Cancer (COSMIC) database
(408 GBC samples), there was negative correlation between hsa-miR-181b-5p/-3p and CREBRF which was a direct
targeting of miR-181b. miR-181b mimic promoted cell proliferation and autophagy, restrained cell apoptosis by
regulating CREBRF/CREB3 pathway. As an anti-tumor agent, gensenoside Rg3 inhibited cell proliferation and tumor
growth, while promoted cell apoptosis by inhibiting autophagy. However, exogenous miR-181b blunted Rg3-evoked
anti-tumor effect possibly by inhibiting CREBRF/CREB pathway. Conclusion: Collectively, these data indicates that
miR-181b possibly mediates the pathologic progression of GBC by CREBRF/CREB3 signaling pathways and impairs
anti-tumor effects of Rg3 on GBC development, which suggests that miR-181b might be an key switch in the process
of Rg3-mediated tumor cytotoxicity in the progression of GBC.
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Introduction

Gallbladder carcinoma (GBC) is one of the most
common malignancy of biliary tract [1]. Since
early clinical diagnosis and prognostic markers
are limited, primary gallbladder carcinoma de-
tection presents intermediate-aggressive sta-
ge, which results in a higher mortality in GBC
than other types of tumors [2]. Currently, treat-
ment strategies for GBC mainly depend on radi-
cal surgery combined with chemotherapeutic
agents, such as Cisplatin and Gemcitabine [3,
4], but the prognosis for aggressive gallbladder
carcinoma is very poor [5]. Advanced autopha-
gic flux provides substrates for metabolism
and contributes to the progression of many
types of cancer [6]. And targeting autophagy

has been proposed as a potential approaches
to improve the efficacy of conventional thera-
pies [7]. However, the mechanism of autophagy
involvement in GBC have not been fully revealed
and need to be further investigated.

Autophagy recognizes as a conserved self-ad-
aptive cellular response and promotes inten-
sely aggressive cancer cell survival in the face
of nutrient depletion, hypoxia and the presen-
ce of cytotoxic drugs [8]. It is confirmed that
autophagy associated protein beclin-1 is over-
expressed in gallbladder carcinoma patients
and has a significant association with TNM
stage and prognosis [9]. Chloroquine (CQ), an
inhibitor of autophagy, can powerful enhance
anti-tumor effects of 5-FU on GBC [10]. How-
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ever, 5-FU can induce chemoresistance of gas-
trointestinal cancer cells by activating auto-
phagy process [11]. Therefore, autophagy pro-
cess is a key regulator in the progression of
GBC. Ginsenoside Rg3 (Rg3), extracted from
the root of the Ginseng plant, exerts an anti-
tumor effects on numerous malignant tumor
such as colorectal cancer and lung cancer by
regulating tumor angiogenesis or epithelial-
mesenchymal transition (EMT) [12, 13]. Rg3-
mediated autophagy inhibition sensitizes he-
patocarcinoma cell line to doxorubicin in vitro
[14]. However, as a potential autophagy inhibi-
tor, whether Rg3 acts as an anti-cancer agent
in the development of GBC remains unclear.

CREBS3 regulatory factor (CREBRF), also known
as Luman regulatory factor (LRF), is able to
recruit nuclear CREB3 (cAMP responsive ele-
ment binding protein 3) to discrete nuclear
foci, which represses the transactivation activ-
ity of CREB3 and accelerates the degradation
of CREB3 protein [15]. CREBRF is highly expre-
ssed in primary gastric cancer (GC) tissues and
involved in cell proliferation by activating AKT
signaling pathway [16]. CREBRF can also pro-
mote endometrial epithelial cells (EECs) prolif-
eration by activating autophagy flux [17]. Addi-
tionally, hypoxia contributes to malignant glio-
ma progression by activating miR-155-3p-CRE-
BRF-CREB3-ATG5 signaling-mediated the indu-
ction of autophagy, whereas miR-155-3p inhi-
bitor significantly inhibited autophagy on hu-
man glioma cells by directly targeting CREBRF
[18]. Thus, autophagy process is required in the
course of CREBRF-mediated tumorigenesis.

Herein, we observed that miR-181b was nega-
tive correlation with CREBRF in GBC patients.
miR-181b aggravated tumor biologic charac-
teristics of GBC-SD cells by targeting CREBRF
and subsequently enhancing CREB3 levels.
Rg3 mediated anti-tumor effects by autophagy
flux inhibition via blocking miR-181b/CREBRF/
CREB3 pathway. However, exogenous enforced
miR-181b blunted the cytotoxicity of Rg3 on
GBC. Therefore, Rg3-launched tumor-suppres-
sor activity in GBC possibly through inhibiting
miR-181b-evoked autophagy process.

Materials and methods
Clinical samples

93 cases of gallbladder carcinoma tissues and
the paired para-carcinoma tissue were collect-

5777

ed from 93 individual GBC patients who under-
went surgical operation. Tumor extent of these
tissue were evaluated by tumor, lymph node,
and metastasis (TNM) staging system. Clinico-
pathological data from 93 Gallbladder cancer
patients was presented in Table 1. This study
was approved by the ethics committee of The
First Affiliated Hospital of Zhejiang Chinese
Medical University and all the patients signed
the informed consent before the experiment.
Fresh tumor and the paired para-carcinoma tis-
sues were cut into 0.1 cm? pieces and stored at
-80°C for further study.

Cell culture and transfection

GBC-SD cells were purchased from Shanghai
Fuxiang Biotechnology and incubated in Dul-
becco’s modified Eagle’'s medium (DMEM) sup-
plemented with 10% FBS in 37°C incubator
with 5% CO,. For cell transfection, GBC-SD cells
were seeded at 6-well plate at the density of 5
x 10% cells/well. After 12 h incubation, negative
control miRNAs, miR-181b mimic, or miR-181b
inhibitor (Genepharma, Shanghai, China) were
transfected in GBC-SD cells by using Lipofec-
tamine 3000 (Thermo Scientific, US). Transfe-
ction efficiency were determined by gqRT-RCR
after transfection for 48 h.

Stable-transfected cell line of miR-181b

Briefly, the sequence of miR-181b was ampli-
fied by PCR amplification and inserted into the
lentiviral vector PGMLV-6395 (Genomeditech,
Shanghai, China). 293T cells were prepared for
the transfection of vector or PGMLV-CMV-hsa-
miR-181b plasmids combined with the packag-
ing plasmids. After 48 hours, the virus were col-
lected, purified and added into GBC-SD cells
with Polybrene (8 ug/ml, H9268, Sigma, USA).
Infection efficiency was determined by qRT-
PCR in virus-infected GBC-SD cells after infec-
tion for 48 h. The primers of miR-181b were as
follows: forward, 5-CCGGAATTCGAGACTGGGG-
AATACACATGAGCC-3’; reverse, 5'-CCG GGATCC
GGTTTGGAACATGGTTCATAAGCCC-3'.

Xenograft model

6-8 weeks old BALB/c nude mice (20-22 g)
were provided by Changzhou Cavans Labora-
tory Animal. All the mice were housed under
standard conditions (20-22°C) and free access
to purified rodent diet and water. All animal
experiments were approved by the ethics com-
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Table 1. Clinicopathological data from 93
Gallbladder cancer patients

Clinicopathological data Numbers (93)

Age

<60 39

>60 54
Gender

Male 27

Female 66
TNM stage

[+11 18

H+1V 75
Lymph node metastasis

Yes 67

No 26
Liver metastasis

Yes 43

No 50
Differentiated degree

Well 23

Moderate/poor 70

mittee of The First Affiliated Hospital of Zhe-
jiang Chinese Medical University. For xenograft
experiments, control or miR-181b overexpress-
ing cells (2 x 107 cells/mouse) were subcutane-
ously injected into the right posterior flank
(n=6/group). After 3 days injection, tumor size
was measured with Vernier calipers every 3 d.
When tumor size reached to 200 mm3, half of
the tumor-bearing mice were given Rg3 (20
mg/kg) or isovolumetric PBS by gavage once a
day, respectively. At the 21th day after originally
subcutaneous injection, tumors were removed
for the next experiments. Tumor volume was
calculated as 0.5 x length x width?.

Cell viability assay

Transfected GBC-SD cells were seeded in 96-
well plate at the density of 2 x 10° cells/well.
After incubation overnight, cells viability were
detected by CCK-8 kit according to the manu-
facture’s instruction (CA1210, Solarbio, China)
after transfection for O, 24 and 48 hours. The
absorbance was measured at the wavelength
of 450 nm by a Multiscan plate reader (Sy-
nergyTM H1, BioTek, USA).

Cell apoptosis assay

Transfected GBC-SD cells were cultured at 6-
well plate at the density of 2 x 10* cells/well.
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24 h later, cells were digested with 0.25% tryp-
sin without EDTA. For drug exposed experiment,
Rg3 (100 uM) or Solvent control were adminis-
trated in GBC-SD cells for 24 h. Then cells were
stained with Annexin V-FITC/PI according to the
direction of Apoptosis Detection Kit (CA1020,
Solarbio, China). The proportion of cell apopto-
sis was assessed by flow cytometry (CytoFLEX,
BECKMAN, USA).

Western blotting

Total protein were extracted by using RIPA pro-
tein lysate (POO13B, Beyotime, China), and its
concentration was determined using a BCA kit
(PO0O09, Beyotime, China). 30 ug total protein
were separated by 10% SDS-PAGE, then trans-
ferred to an activated PVDF (IPVHO0O010, Milli-
pore, Thermo Scientific, USA) and blocked in 1x
TBST with 5% fat-free milk for 1 h. Membranes
were incubated with objective primary antibod-
ies overnight at 4°C. After washed with TBST,
membranes were incubated with Goat Anti-Ra-
bbit 1IgG (H+L)/AffiniPure secondary antibody or
Goat Anti-Mouse IgG (H+L) (1:10000, Jackson
Immuno Research, US) secondary antibody at
room temperature for 1 h. Finally, protein bands
were captured by using C-DiGit Blot Scanner
(LI-COR) after incubated with ECL (NCI5079,
Thermo Scientific, US). Primary antibodies in-
formation were as follows: CREBRF (ab26262,
Abcam, USA), CREB3 (ab78182, Abcam, USA),
LC3 (PM036, MBL, USA), atgh (ab228668, Ab-
cam, USA), Cleaved Caspase-3 (ab2302, Ab-
cam, USA), B-Actin (ab8224, Abcam, USA). All
samples were performed at least 3 indepen-
dent experiments.

RNA extraction and gRT-PCR

Total RNA was extracted using Trizol kit
(H10318, Transgen Biotech, China) and were
reverse-transcribed into cDNA by using cDNA
reverse transcription kit (no. 4368813, Applied
Biosystems, USA) according to the manufac-
turer’'s protocol. Real-time quantitative PCR
(gRT-PCR) was performed to measure mRNAs
expression of target genes by using SYBR
Green (AQ131-01, Transgen Biotech, China). All
data were normalized to the control of U6
or GAPDH. Primer sequences were as follows:
U6: 5-CGCAAGGATGACACGCAAATTC-3’; Has-
mir-181b-5p: 5-AACATTCATTGCTGTCGGTG-3’;
hCREBRF: forward: 5-ACCCACTTCAAGCACAC-
AAAT-3’, reverse: 5-GGGTTGATCTTTACCTTTG-
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The human 3’UTR containing
miR-181b binding site and
mutation 3’'UTR of the CREB-
RF were synthesized by PCR
amplifcation and inserted into
the pYr-MirTarget basic vector.
293T cells were plated in 24-
well plates at a density of 2 x
10°% cells/well. After incuba-
tion overnight, cells were tra-
nsfected with 100 nM miR-
181b mimic or negative con-
trols, followed by co-transfec-
tion with WT or mutant 3'UTR
of CREBFR plasmids. Lucifer-
ase activities were performed
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Figure 1. The relationship of miR-181b, CREBRF and CREB3 in human gall-
bladder carcinoma samples. A. CREBRF and CREB3 protein levels in 10 pairs
of GBC tissue (T) and para-carcinoma tissue (N) determined by Western blot-
ting. n=10/group. B. The mRNA expression of miR-181b in tumor and para-
carcinoma tissue analyzed by qRT-pCR. n=10/group. C. Correlation analysis
of CREBRF and hsa-miR-181b-5p/-3p in COSMIC Database. **Indicates tu-
mor tissue (T) vs nontumor tissue (N). Data represent the means + SD of
three experiments, each performed in triplicate. **, P<0.01.

CCT-3: hGAPDH: 5-GCCTTCCGTGTCCCCACT-
GC-3..

Immunofluorescence

In brief, cells were fixed with 4% paraformalde-
hyde for 15 min and then permeabilized by
0.5% Triton X-100 for 20 min at room tempera-
ture. The fixed cells were blocked with 5% goat
serum at room temperature for 30 min, and
then incubated with LC3 antibody (1:1000,
PMO036, MBL, China) at 4°C overnight followed
by secondary antibody (#5366, Cell Signaling
Technology, USA) for 1 h at room temperature.
Finally, cells were washed by PBS for 5 min x 3
times, and then added with DNA intercalating
dye (DAPI) to visualize the cell nucleus. The
LC3-positive cells were observed under a laser
confocal microscope (C2, Nikon, Japan).
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with Luciferase Reporter De-
tection kits (E1910, Promega,
USA) at 48 h post-transfec-
tion. Each experiments were
duplicated at least 3 times.

= Statistical analyses

0 25 5 75 10
Hsa-miR-181b-3p
Expression level: log2(RPM+0.01)

All experiments were perfor-
med at least 3 times. Asso-
ciation analysis was perform-
ed by Pearson’s coefficient
using SPSS software. Nume-
rical data are presented as
means + SEM, and these da-
ta were statistically analyzed
by a one-tailed Student’s t
test or one-way ANOVA by us-
ing GraphPad Prism 5.0 soft-
ware. Statistically significant differences were
accepted at P<0.05.

Results

CREBRF is negative correlation with miR-181b
and CREB3 in GBC

CREBRF is a potent tumor suppressor by re-
gulating autophagy process. To ascertain the
role of CREBRF on GBC, we firstly evaluated its
expression pattern in GBC patients. As shown
in Figure 1A, protein levels of CREBRF was viv-
idly reduced in GBC tissue compared to paired-
para-carcinoma tissues (8 of 10, Figure 1A,
middle bands). As a negative regulatory target
of CREBRF, CREB3 showed a significant incre-
ase in most of tumor tissues (8 of 10) (Figure
1A, upper bands). Interestingly, the expression

Am J Transl Res 2019;11(9):5776-5787



Role of gensenoside Rg3 on gallbladder carcinoma

A @B GBC-SD B @B Control
[ GBC-SD+mimic NC B0 CREBRF 3-UTR WT + mimic NC
@ GBC-SD+miR-181b-5p mimic BB CREBRF 3-UTR WT+ miR-181b mimic
GBC-SD+inhibitor NC CREBRF 3-UTR Mut + miR-181b mimic
< 25 @B GBC-SD+miR-181b-5p inhibitor @8 CREBRF 3-UTR Mut + mimic NC
Z “97
m *k
£
w
or 2.0
@ 20
>
o E3 %
2 157 £15 T
c < T
*x Q
S — 1 7]
2 1.0 o - £ 1.0+
o 2
=3 Ei
0.5 2 05
2 2
® ®
© } ©
0.0 x 00
C CREBRF 3'WT 5-...CUUUUUCAGAUUUUUUGAAUGUA... - 3’

Hsa-miR-181b-5p 3’ - UGGGUGGCUGUCGUUACUUACAA- 5

CREBRF 3’ Mut 5'-...CUUUUUCAGAUUUUUUAGCGAUA. .. -3’

Hsa-miR-181b-5p 3'- UGGGUGGCUGUCGUUACUUACAA- 5

GL3

Luciferase CREBRF 3'UTR

Figure 2. Effect of miR-181b on transcription activity of CREBRF. A. The ex-
pression of CREBRF mRNA determined by qRT-pCR after treated with miR-
181b mimic or miR-181b inhibitor in GBC-SD cells. GBC-SD: control group.
GBC-SD-mimic NC: mimic negative control group. GBC-SD-miR-181b mimic:
cells transfected with miR-181b mimic. GBC-SD-inhibitor NC: inhibitor nega-
tive control group. GBC-SD-miR-181b inhibitor: cells transfected with miR-
181b inhibitor. B. Luciferase reporter plasmids were constructed as de-
scribed in the materials and methods, and relative luciferase activity was
analyzed after co-transfection of the wild-type and mutant plasmids or a
mock reporter plasmid into 293 T cells that were infected with miR-181b
mimic or negative control. C. The binding sites of wild type and mutated se-
quences of CREBRF with has-miR-181b-5p. TSS, transcriptional start site.
** P<0.01.

pattern of miR-181b presented a contrary ten-
dency with CREBRF, showing a notable incre-
ase in 93 GBC patients in contrast to that in
para-carcinoma tissues (Figure 1B). Next, com-
bined online cancer database, we further ex-
plored the correlation between CREBRF and
miR-181b. The results showed that CREBRF
was negatively correlated with both hsa-miR-
181b-5p and hsa-miR-181b-3p in 408 GBC
clinical samples of COSMIC (Catalogue of So-
matic Mutations in Cancer) database (Figure
1C). Therefore, abnormal expression of miR-
181b, CREBR and CREB3 possibly participate
in the progression of GBC, and there are sig-
nificant negative correlation between CREBRF
and hsa-miR-181b in GBC patients.

EBRF.
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CREBRF is a direct target of
miR-181b

To explore the direct rela-
tionship between miR-181b
and CREBRF, we measured
the transcription level of CR-
EBRF in GBC-SD cells trans-
fected with miR-181b mimic
and inhibitor for 48 h. gRT-
PCR results showed that re-
lative mRNA expression of
CREBRF was notably declin-
ed in miR-181b mimic group
while miR-181b inhibitor sig-
nificantly enhanced the ex-
pression of CREBRF compar-
ed with control groups (Figure
2A). Besides, we discovered
that there had the potential
binding sites between miR-
181b and CREBRF. We then
performed luciferase reporter
assay with plasmids of wild-
type (WT) or mutant 3’'UTR of
CREBRF in the presence of
miR-181b mimic or miR-181b
mimic negative control (miR-
181b mimic NC). As shown in
Figure 2B, miR-181b mimic
transfection significantly de-
creased the transcription ac-
tivity of CREBRF in 3'-UTR-WT
plasmid transfected group
compared with miR-181b mi-
mic NC group. In contrast,
there showed no any inhibi-

tion effect on the reporter gene activity of
CREBREF in cells exposed with 3-UTR-Mut re-
porter plasmid (Figure 2B and 2C). Thus, the
data indicates that miR-181b downregulated
CREBRF expression by directly targeting CR-

MiR-181b enhanced cell viability and inhibited
cells apoptosis in gallbladder carcinoma cells

Previous study have demonstrated that miR-
181b accelerates cell survival and represses
apoptosis by targeting adenylyl cyclase 9 (AC9)
or large tumor suppressor (LATS2) in cervical
cancer and ovarian cancer, respectively [19,
20]. However, the biological functions of miR-
181b on GBC have not been reported currently.

Am J Transl Res 2019;11(9):5776-5787



Role of gensenoside Rg3 on gallbladder carcinoma

A @8 GBC-SD B @8 GBC-SD
I GBC-SD+mimic NC [ GBC-SD+mimic NC
@8 GBC-SD+miR-181b-5p mimic @8 GBC-SD+miR-181b-5p mimic
GBC-SD+inhibitor NC GBC-SD+inhibitor NC
@8 GBC-SD+miR-181b-5p inhibitor @8 GBC-SD+miR-181b-5p inhibitor
o 100+ 150t n e ol Sl
0
-Q %* %
o 904 [
b
m —
g 801 X 1004
k) £
c 701 =
2 20+ ©
2 s
g 1.5 T &g
L% o 8 50
- T
o 1.0
=
® 0.5
(0]
o 0.0- 0-
c @8 GBC-SD D

[ GBC-SD+mimic NC
@8 GBC-SD+miR-181b-5p mimic
GBC-SD+inhibitor NC

@8 GBC-SD+miR-181b-5p inhibitor a
40- ) g
* % z
L— 8
g
30+ g
3 :
k7 ] :
g 20+ 10° 1
Q. Green Fluorescence (GRN-HLog)
o
Q. *% T him i " AT
< [ — mimic NC miR-181b-5p mimic
10+
0_

Figure 3. Effects of miR-181b on cell viability and
apoptosis in GBC-SD cells. A. GBC-SD cells were
transiently transfected with miR-181b mimic (50
nM), miR-mimic NC, miR-181b inhibitor, or miR-in-
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tometry. GBC-SD: control group. GBC-SD-mimic NC:
mimic negative control group. GBC-SD-miR-181b
mimic: cells transfected with miR-181b mimic. GBC-
SD-inhibitor NC: inhibitor negative control group.
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Figure 4. Effects of miR-181b on autophagy in GBC-SD cell. A. LC3 protein ex-
pression in different groups determined by immunofluorescence assay. GBC-
SD cells were treated with miR-181b mimic (50 nM), miR-mimic NC, miR-
181b inhibitor, or miR-inhibitor for 48 h. B. Protein expression of CREBRF,
CREB3, atgh, LC3, and caspase 3 measured by western blotting. B-actin was
used as a loading control. GBC-SD: control group. GBC-SD-mimic NC: mimic
negative control group. GBC-SD-miR-181b mimic: cells transfected with miR-
181b mimic. GBC-SD-inhibitor NC: inhibitor negative control group. GBC-SD-
miR-181b inhibitor: cells transfected with miR-181b inhibitor. Multiple im-
ages were taken and representative one was presented. Scale bar: 20 pm.

Here we tried to investigate the effectives of
miR-181b on tumor biologic characteristics of
GBC-SD cells. Firstly, transfection efficiency of
miR-181b mimic and miR-181b inhibitor were
evaluated by qRT-PCR (Figure 3A). Through
CCK8 assay, we observed that growth ability
of GBC-SD cells transfected with miR-181b
mimic showed a significant acceleration com-
pared with control mimic at 24 h and 48 h
post-transfection. However, miR-181b inhibi-
tion markedly restrained cell viability of GBC-
SD cells compared with control cells (Figure
3B). Furthermore, we determined the impact of
miR-181b on cell apoptosis of GBC-SD cells.
After incubation with miR-181b mimic 48 h,
the proportion of apoptotic cells were vividly
reduced, which was significantly enhanced in
cells exposed with miR-181b inhibitor compar-
ed with control groups (Figure 3D). Quantitative
analysis on cell apoptosis rate further con-
firmed that miR-181b upregulation protected
the GBC-SD cells from apoptosis (Figure 3C).
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alg5 e —— ——

Bactln--““

alteration of autophagy flux
in the process of miR-181b-
mediated proliferation disor-
der. In immunofluorescence
assay, we detected that in-
creased expression of miR-
181b markedly promoted the
protein level of microtubule-
associated protein 1A/1B-
light chain 3 (LC3) which was
an adaptor protein for selec-
tive autophagy [23]. However,
miR-181b reduction signifi-
cantly inhibited the expres-
sion of LC3 compared with
control GBC cells (Figure 4A).
Immunoblotting results also
showed that miR-181b mimic
significantly enhanced, while
miR-181b inhibitor reduced the expression of
autophagy associated proteins atgb and LC3,
suggesting that miR-181b launched autophagy
flux of GBC-SD cells. Accompanied the altera-
tion of autophagy, miR-181b mimic transfec-
tion markedly decreased, but miR-181b inhibi-
tion accelerated the level of apoptosis-related
protein caspase 3. Besides, cells exposed with
miR-181b mimic inhibited the expression of
CREBRF, and miR-181 inhibitor promoted its
expression. However, the role of miR-181b on
CREB3 showed the opposite trend with CREB-
RF (Figure 4B). These data indicates that miR-
181b-mediated autophagy possibly was asso-
ciated with the apoptosis inhibition effect of
miR-181b.

MiR-181b blunts the anti-tumor effect of
Ginsenoside Rg3 by upregulating autophagy

Ginsenoside Rg3 has been widely used in the
treatment of various cancers by modulating

Am J Transl Res 2019;11(9):5776-5787
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Figure 5. Effects of miR-181b on Rg3-induced cytotoxic in GBC-SD cell. A.
Cells were pretreated with Rg3 and protein expression of CREBRF, CREB3,
atgb, LC3, and caspase 3 were evaluated by western blotting. B. The expres-
sion of miR-181b after pre-treated with Rg3. C. LC3 protein expression from
control and miR-181b overexpressing were determined by IF staining. Cells
were pretreated with or without Rg3 (100 uM) for 48 h. D. The expression
of CREBR, CREB, caspase3, atgb, and LC3 in GBC cells with normal or over-
expression miR181b was analyzed by Western blotting after Rg3 exposure.
B-Actin was used as loading control. GBC-SD: control group. GBC-SD-mimic
NC: mimic negative control group. GBC-SD-miR-181b mimic: cells trans-
fected with miR-181b mimic. GBC-SD-inhibitor NC: inhibitor negative control
group. GBC-SD-miR-181b inhibitor: cells transfected with miR-181b inhibitor.
Multiple images were taken and representative one was presented. Scale
bar: 20 ym.

GBC-SD cells (Figure S1D).
Western blotting further de-
monstrated that Rg3 effec-
tively inhibited autophagy flux
and promoted apoptosis by
decreasing the protein expr-
ession of LC3 and atgh and
enhancing the activity of cle-
aved caspase 3. What was
strikingly noticeable were the
enhancement of CREBRF and
the decline of CREB3 levels
in the cells exposed with Rg3
(Figure BA). Importantly, Rg3
administration also reduced
the level of miR-181b, which
implied that Rg3-mediated
the increase of CREBRF was
potentially through inhibiting
miR-181b expression (Figure
5B). To verify the key role of
miR-181b in that process, ce-
lls were pretreated with miR-
181b overexpressing plasm-
id. As shown in Figure S2,
Rg3-mediated the inhibition
effect on cell viability and the
promotion role on cell apop-
tosis were both blunted by
miR-181b upregulation (Figu-
re S2A-C).

We had confirmed that miR-
181b-mediated carcinogene-
sis involvement with the alter-
ation of autophagy. Thus, we
also evaluated the changes
of autophagy in cells trans-
fected exogenous miR-181b
in the presence of Rg3. As
indicated in Figure 5C, con-
trol GBC-SD cells presented a
moderate expression of LC3
in cytoplasm. Once treated
with Rg3, little LC3-positive
cells were observed (Figure
5C). However, miR-181b over-
expression significantly boo-

autophagy [24]. In this study, we found that
Rg3 exposure significantly inhibited cells via-
bility by promoting cell apoptosis of GBC-SD
cells (Figure S1A-C). Additionally, treatment
with Rg3 notably reduced the fluorescence
intensity of LC3 proteins compared to control
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sted the level of LC3 compared with control
group and partly rescued Rg3-mediated the
inhibition on LC3 expression (Figure 5C). Be-
sides, western blotting assay also demonstr-
ated that Rg3-launched the decline of atgb,
LC3 and CREB3, and the augment of CREBRF
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for tumor cells proliferation
and defends cell apoptosis
[25]. Targeting autophagy has
been considered as a crucial
therapeutic strategy for en-
hancing anti-tumor effect of
clinical drugs. In the present
study, we found a novel au-
tophagy associated molecule
CREBRF which might be ser-
ved as a new potential target
for therapy of GBC by modu-
lating autophagy process.

CREBRF acting as an inhi-
bitor of autophagy significant-
ly inhibits the development
of glioblastoma through CR-
EB3/ATG5 pathway [26]. A re-
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and caspase 3 were blocked by miR-181b over-
expression (Figure 5D). Based on our above
results, we thought that Rg3-evoked cytotoxic
effect on GBC-SD cells might be involved with
miR-181b/CREBRF/CREB3 signaling pathway.

Exogenous miR-181b impairs Rg3-mediated
tumor growth inhibition

In addition to in vitro study of cell lines, xeno-
graft model was also been employed to investi-
gate the role of miR-181b on Rg3-mediated the
anti-tumor effect. Overexpression of miR-181b
showed a higher weight than vector control.
After administration with Rg3, tumor weight
was obviously declined compared to control
mice. However, miR-181b upregulation almost
completely blocked the cytotoxicity of Rg3 on
GBC tumor (Figure 6A, 6B). Tumor growth curve
also showed that cell grew faster in miR-181b
upregulation group than control cells. Rg3 ad-
ministration sharply declined the tumor growth
rate, which was reversed by exogenous miR-
181b (Figure 6C). These results indicate that
overexpression of miR-181b powerfully pro-
motes the progression of gallbladder carcino-
ma, and resist the anti-tumor effects of Rg3.

Discussion
Autophagy, a highly conserved mechanism of

lysosome-mediated protein and organelle deg-
radation, provides enough of valuable resource
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growth curve of the four groups
of mouse models. **, P<0.01.

search of malignant glioma
showed that CREBRF were
inhibited by miR-155-3p and
significantly inhibited autoph-
agy on human glioma cells [18]. In this study,
we found that the expression of CREBRF in
GBC tumor tissues is lower than para-carcino-
ma tissue. miR-181b was negative correlate
with CREBRF, which implied that CREBRF may
be regulated by miR-181b. Thus, miR-181b/
CREBRF pathway possibly participated in the
development of GBC. Oncogene roles of miR-
181b have been reported in colorectal cancer
(CRC) [27], B-cell acute lymphoblastic leukemia
(B-ALL) [28], non-small cell lung cancer (NSCLC)
[29], breast cancer [30, 31], glioma [32], and
esophageal cancer [33]. miR-181b promoted
cell survival, clone formation, migration and
invasion of HCC cells by binding metalloprote-
ase 3 (TIMP3) [34]. Increased miR-181b en-
larged cell proliferation and migration and sup-
pressed apoptosis of CRC cells by targeting
Programmed cell death 4 (PDCD4) [35]. But the
role of miR-181b in the progression of GBC
have not been reported previously. Here, we
identified the oncogenic role of miR-181b by
using GBC-SD cell lines. Overexpressed miR-
181b promoted proliferation, autophagy, xeno-
graft tumor growth in nude mice, and inhibited
cell apoptosis by directly targeting CREBRF/
CREB3. Based on this, miR-181b/CREBRF/CR-
EB3 axis-launched autophagy flux promoted
the progression of GBC.

Rg3 exerts antitumor effects on several types
of tumor [36-38]. For instance, Rg3 significant-
ly inhibited cell viability, and accelerated apop-
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tosis rate of lung cancer cells by inhibiting
PI3K/Akt signaling pathways [39]. Rg3 inhibit-
ed the development of ovarian cancer by tar-
geting miR-145 [40]. Warburg effect in ovarian
cancer cells were blocked by Rg3 through acti-
vating miR-603 [41]. In GBC, Rg3 activated en-
doplasmic reticulum stress in GBC-SD cells,
leading to apoptosis and cell proliferation inhi-
bition [42, 43]. However, the underlying regula-
tory mechanism of Rg3 on gallbladder cancer
remains understood. In this study, we demon-
strated that in addition to effects of Rg3 on
cells growth and cell apoptosis, it also reduced
autophagy flux through inhibiting miR-181b/
CREBRF/CREB3 pathway. However, anti-tumor
effects of Rg3 were blocked in the presence of
exogenous mMiR-181b in in vitro and in vivo.
These results demonstrate that miR-181b
mediates the anti-tumor effects of Rg3 on GBC.

Conclusions

In summary, this study revealed that miR-181b
plays an oncogenic role in the progression of
gallbladder carcinoma by promoting autophagy
via CREBRF/CREB3 signaling pathways. miR-
181b acted as a key switch in the process of
Rg3-evoked anti-tumor effects of GBC in vitro
and in vivo. Collectively, miR-181b, as an cru-
cial moderator for autophagy in the progres-
sion of GBC is the key factor for Rg3-medaited
cytotoxic.
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Figure S1. Effects of Rg3 on the cell viability, apoptosis and autophagy of GBC-SD cells. A. Cell viability measured
by CCK8 assay in GBC-SD cells exposed with solvent or Rg3. B. Cell apoptosis of different GBC-SD cells analyzed
by FACS. C. Quantitative analysis of the proportion of apoptotic cells after treatment with solvent or Rg3. D. LC3
expression in GBC-SD cells treated with solvent or Rg3 was determined by IF staining. Scale bar: 20 ym. **, p<0.01.
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Figure S2. The role of miR-181b upregulation on Rg3-mediated proliferation inhibition and apoptosis enhancement.
(A) GBC-SD cells transfected with NC or miR181b were treated with solvent or Rg3 (100 uM) for 48 h and then cell
viability was detected by CCK-8 assays. (B) Cell apoptosis analyzed by flow cytometry in the cell groups of (A). (C)

Quantitative analysis the percentage of apoptotic cells after different treatment. **, p<0.01.



