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Abstract

Background

MiR-138 is frequently downregulated in different cancer types and is thought to be involved
in the progression of tumorigenesis. However, the molecular mechanism of miR-138 in-
volvement in gallbladder carcinoma still remains unknown.

Methods

The expression of miR-138 in 49 gallbladder carcinoma samples and paired normal gall-
bladder samples was analyzed using quantitative reverse transcription—polymerase chain
reaction. The biological functions of miR-138 and Bag-1 (Bcl-2-associated athanogene-1)
on cell proliferation were examined using 3-(4, 5-dimethylthiazolyl-2)-2,5-diphenyltetrazo-
lium bromide and apoptosis assays. Targets of miR-138 were predicted using bioinformat-
ics and validated using luciferase reporter and Western blot analyses. The in vivo effects of
miR-138 were examined using subcutaneous inoculation of gallbladder carcinoma cells in
Balb/c nude mice.

Results

Compared with their paired normal gallbladder samples, the gallbladder carcinoma samples
had decreased expression of miR-138 and increased expression of Bag-1. Overexpression
of miR-138 inhibited the proliferation of gallbladder carcinoma cells. Bag-1 was defined as a
novel target of miR-138. Both the inhibition of Bag-1 by miR-138 and the silencing of Bag-1
by siRNA led to alterations of apoptosis-related proteins such as Bcl-2 and Bax. Restoring
expression of Bag-1 eliminates the effects of miR-138 on cell proliferation and apoptosis.
Furthermore, overexpression of miR-138 markedly inhibited the growth of tumors in the gall-
bladder carcinoma xenograft model in nude mice.

Conclusions

Expression of miR-138 is frequently reduced in gallbladder carcinoma when compared to
normal cells. Overexpression of miR-138 inhibited cell proliferation by directly suppressing
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the expression of Bag-1. These results suggest that miR-138 plays an important role in in-
hibiting the growth of gallbladder carcinoma.

Introduction

Gallbladder carcinoma is the most common malignancy of the bile duct, and it is very aggres-
sive, resulting in dismal prognosis and high death rates [1]. Although advancements have been
made in the treatment (surgery, radiotherapy, and chemotherapy) of gallbladder carcinoma in
recent decades, the 5-year survival rate of patients with gallbladder carcinoma remains low [2—
5]. During tumor progression, many genetic and epigenetic changes occur, leading to uncon-
trolled malignant growth and cell division [6]. Therefore, improved insight into the molecular
mechanisms of gallbladder carcinoma proliferation may offer a more effective treatment; thus,
improving prognosis.

MicroRNAs (miRNAs) are small, single-stranded, endogenous, and noncoding RNAs that
are capable of regulating the expression of genes at both the transcriptional and translational
levels [7, 8]. MiRNAs with perfect or near-perfect complementarity to the cognate sequence 3'-
untranslated regions (UTRs) of specific mRNAs repress translation from mRNA to protein or
induce mRNA cleavage, thereby, regulating the expression of target genes [7, 9]. Research stud-
ies have showed that miRNAs are involved in a wide variety of biological processes including
cell proliferation, apoptosis, differentiation, and tumor initiation and promotion. Thus, identi-
fying these miRNAs may provide new insights into the genesis and progression of cancer [10-
13]. Since miRNA recognizes the short fragment in the 3-UTR of mRNA with imperfect com-
plementarity, a miRNA can act as an oncogene or a tumor suppressor gene in different types of
cancer through different targeted genes [9, 14-19]. However, there is limited information re-
garding the potential role of miRNA dysregulation in gallbladder carcinoma.

MiR-138 plays an important role in different types of cancer and functions as a tumor sup-
pressor gene. It is downregulated in nasopharyngeal carcinoma specimens and nasopharyngeal
carcinoma cell lines. The overexpression of miR-138 inhibits cell proliferation and colony for-
mation [20]. Downregulation of miR-138 in neuroblastoma and thyroid carcinoma is associat-
ed with the human telomerase reverse transcriptase (W\TERT), which promotes malignant cell
growth of many tumors [21, 22]. Recent studies have indicated that miR-138 is frequently re-
duced in leukemia and lung cancer and associated with drug resistance [23, 24]. However, to
our knowledge, its expression and biological roles in gallbladder carcinoma remain unclear.

In this study, we found that the expression of miR-138 was significantly lower in gallbladder
carcinoma specimens. Furthermore, overexpression of miR-138 inhibits cell growth in vitro
and the growth of tumors in vivo and is associated with cell cycle arrest. It was also identified
that Bag-1 (Bcl-2-associated athanogene-1) is a direct and functional target of miR-138 in
gallbladder carcinoma.

Materials and Methods
Patient tissue samples

A total of 49 surgical specimens of cancerous tissues and their paired adjacent non-neoplastic
tissues were obtained from patients with gallbladder carcinoma who underwent surgery be-
tween 2007 and 2009 at Xinhua Hospital affiliated to Medical School of Shanghai Jiaotong
University. Two pathologists independently assessed the histo-pathological diagnosis and dif-
ferentiation based on the World Health Organization classification system. Fresh specimens
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were immediately frozen in liquid nitrogen after resection. All patients provided written in-
formed consent for the use of their tumor tissues for clinical research, and the project protocols
were approved by the Medical Ethics Committee of Xinhua Hospital Affiliated to Shanghai
Jiaotong University School Of Medicine with the permit number of 120614SHJT06.

Cell lines and transfection

The human gallbladder carcinoma cell lines OCUG-1 and NOZ were cultured in RPMI-1640
(Gibco, China). A human embryonic kidney cell line (HEK293T), purchased from the Shang-
hai Cell Bank (Shanghai, China), was grown in Dulbecco’s modified Eagle’s medium (Hyclone,
China). All media were supplemented with 10% fetal bovine serum (Gibco, Carlsbad, CA), 100
IU/mL penicillin and streptomycin (Sigma, St. Louis, MO), and incubated at 37°C in a humidi-
fied incubator with an atmosphere of 5% CO,.

In order to silence Bag-1, Bag-1 small interfering RNA (siRNA) and its negative control oli-
gonucleotide were purchased from Genechem (Shanghai, China). The siRNA targeted the fol-
lowing sequences: 5'~AATTCCG CTCCAGAGACGGTA-3’ (Bag-1) and 5'-CGTGATCTTCACC
GACAAGAT-3' (control). Transfections were performed using Lipofectamine2000 (Invitrogen,
Carlsbad, CA) according to the manufacturer’s instructions. The transfected cells were resus-
pended and cultured in regular culture medium for 48 to 72 hours before analysis.

Construction of vectors

The oligonucleotides encoding the pre-miR-138 sequence were synthesized as follows: 5'-
AATTCCCCTGGCATGGTGTGGTGGGGCAGCTGGTGTTGTGAATCAGGCCGTTGCCAATCAGA
GAACGGCTACTTCACAACACCAGGGCCACACCACACTACAGGG-3' and 5'-CCTGTAGTG
TGGTGTGGCCCTGGTGTTGTGAAGTAGCCG TTCTCTGATTGGCAACGGCCTGATTCACAA
CACCAGCTGCCCCACCACACCATGCCAGGGG-3'. The oligonucleotides were annealed and
then, cloned into pPCDH-CMV-MCS-EF1-copGFP vector (SBI, Mountain View, CA, USA) be-
tween the EcoRI and BamHI sites. LentiVirus packaging and infection were performed accord-
ing to the recommendations of the manufacturer.

The full-length of human Bag-1 3’-UTR was amplified with the forward primer 5'-AAAC
TCGAGGGTGTAGCAGAAAAAGGCTGTG-3' and the reverse primer 5'~AAAGCGGCCGCTGT
TCTCCAAATATTTATTGAGGTC-3' from HEK293T cell genomic DNA. The PCR products
were cloned into the Xhol/Notl sites of Psi-CHECK vector (Promega, Madison, WI) and
named as Bag-1-UTR-WT. A psi-CHECK-2 construct containing the Bag-1 3'-UTR with mu-
tations in the seed sequence of miR-138 was synthesized using a QuikChange Site-Directed
Mutagenesis Kit (Stratagene, Palo Alto, CA) and named as Bag-1-UTR-MUT.

To construct plasmids overexpressing Bag-1, the full coding sequence of Bag-1 was
amplified with the primers 5'~-CCGGGATCCATGAATCGGAGCCAGGAGG-3" and 5 -CCGGA
ATTCTCACTCGGCCAGGGCAAAG-3' using PCR and then, cloned into the BamHI/EcoRI
sites of pcDNA3.1 vector (Clontech, Palo Alto, CA). All resulting constructs were verified
by sequencing.

Cell proliferation

Cells were plated at a density of 10* per well in 96-well plates. At different time points (24, 48,
and 72 h), 20 pL of 3-(4, 5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide (MTT)
(Sigma, St. Louis, MO) was added into each well, and the cells were incubated for another four
hours. 200 pL of dimethyl sulfoxide was added to each well after the supernatant was discarded.
Optical density was read at the wavelength of 550 nm. Each experiment was repeated at least
three times.
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Apoptosis analysis

In order to measure apoptosis, cells were washed with phosphate-buffered saline and trypsi-
nized. Then, they were resuspended in ice-cold 1x binding buffer, and 10 pL of Annexin V-
phycoerythrin conjugate (BD Biosciences, Bedford, MA) and 10 pL of propidium iodide solu-
tion were added to each group. The apoptotic distribution of the cells in each sample was then
determined using fluorescence-activated cell sorting (Beckman Coulter, Fullerton, CA). Results
were obtained from at least three independent experiments.

RNA preparation and quantitative real-time PCR

Total RNA was extracted using TRIzol reagent (Invitrogen) according to the manufacturer’s
instructions. To detect the expression of miR-138, stem-loop reverse transcription—polymer-
ase chain reaction (RT-PCR) was performed using a PrimeScript miRNA RT-PCR Kit (Takara,
Dalian, China) according to the manufacturer’s instructions. Total RNA (500 ng) was reversely
transcribed in the presence of a poly-A polymerase with an oligo-dT adaptor. Quantitative
real-time PCR (qRT-PCR) was performed with a forward primer in order to determine the ma-
ture miR-138 sequence and a universal adaptor reverse primer. In order to detect the expres-
sion of Bag-1, 500 ng of total RNA was reversely transcribed into first-strand of cDNA with
M-MLYV reverse transcriptase (TakaRa, Dalian, China). The sequences of the primers used
were as follows: 5'~TGAGAAGCACGACCTTCATGT-3’ (forward) and 5'-GGAACCCCTAT
GACCTCTTCA-3' (reverse). The B-actin sequences of the primers were as follows: 5'-CCCA
GATCATGTTTGAGACCT-3’ (forward) and 5'-GAGTCCATCACGATGCCAGT-3’ (reverse).
qRT-PCR was performed using an Applied Biosystems 7500 real-time PCR system (Applied
Biosystems) and either U6 or -actin was used as an internal control. Relative quantification of
miR-138 and Bag-1 expression was calculated using the 2"**“" method. All experiments were
repeated three times.

Western blots

Total protein was extracted from cells using 1% RIPA Lysis Buffer (Beyotime, China). Protein
concentration was determined using the BCA Assay Kit (Sangon, Shanghai, China). Total pro-
tein (50 mg) was separated using 10% sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis and then, transferred to a polyvinylidene fluoride membrane (Millipore, Billerica, MA). The
membrane was blocked with 5% milk for 2 hours at room temperature, followed by an over-
night incubation at 4°C with a primary antibodies, such as Bag-1 antibody (Epitomics, Burlin-
game, CA), Bcl-2, Bax antibodies (CST, Danvers, MA), anti-active caspase-3 antibody (Abcam,
Burlingame, CA) and B-actin antibody (Kangcheng, Shanghai, China). The membrane was
washed three times in phosphate-buffered saline with Tween-20 and incubated with a goat
anti-rabbit horseradish peroxidase secondary antibody for 2 hours at room temperature. Pro-
teins were visualized using the ECL Detection Reagent (Millipore, Billerica, MA), and the signal
was detected using an LAS-4000 image analyzer (Fuji Photo Film Co., Tokyo, Japan). The data
were normalized to B-actin.

Luciferase assay and target gene identification

To identify the potential target genes of miR-138, online algorithms TargetScan and PicTar
were used. Based on these algorithms, Bag-1 was focused on as a new target of miR-138.
For the luciferase reporter assay, HEK293T cells were seeded onto 24-well plates at 50%
confluence before transfection. The cells were then co-transfected with 100 ng of either
control vector or miR-138 and 800 ng of either Bag-1-UTR-WT or Bag-1-UTR-MUT using
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Lipofectamine 2000 (Invitrogen). Reporter assay was performed at 24 hours post-transfection
using the Dual Luciferase Assay System (Promega). Transfections were performed in duplicate,
and they were repeated at least three times in independent experiments.

Tumor growth assay in animal models

Twelve four-week-old Balb/c nude mice were purchased from the Shanghai SLAC Laboratory
Animal Center (Shanghai, China) and maintained under specific pathogen-free conditions. All
experimental procedures involving animals were performed in accordance with the Guide for
the Care and Use of Laboratory Animals and were approved by the Animal Experimental Eth-
ics Committee of the Second Military Medical University. NOZ cells control vector (n = 6) and
miR-138 (n = 6) were trypsinized, collected by centrifugation, and suspended in RPMI-1640. A
150 uL sample of culture medium containing 1x10” cells was injected subcutaneously into the
dorsal flank of each nude mouse. The mice were monitored every week for the growth of tu-
mors, and they were euthanized after 5 weeks. The tumor xenografts were dissected and
weighed after the deaths of the mice.

Statistical analysis

All data are presented as mean + standard deviation. Two-sample t-tests were performed to
compare the expression of miR-138 between gallbladder carcinoma and normal tissues. Statis-
tical analyses were performed using GraphPad Prism 5.0 (GraphPad Software Inc., San Diego,
CA). All P-values were two-sided, and the significance level was P<0.05.

Results
MiR-138 represses the expression of Bag-1 by targeting its 3'-UTR

MiR-138 has been reported as one of the known tumor suppressor miRNAs. Bag-1 was iden-
tified as one of the candidate effectors of miR-138 based on the putative target sequence of
25-48 bp on Bag-1 3’-UTR (Fig 1A). To examine whether there is a direct interaction between
miR-138 and Bag-1 mRNA, the reporter gene assay was performed in 293T cells. It was ob-
served that the relative luciferase activity of the vectors with a miR-138 binding site was sig-
nificantly decreased in miR-138-transfected cells at 24 and 48 hours. Cells transfected with
MUT 3’-UTR were resistant to the suppressor activity of miR-138 (Fig 1B and 1C). These re-
sults strongly suggest that miR-138 negatively regulates the expression of Bag-1 by directly
targeting its 3’-UTR. Consequently, miR-138 transfected in OCUG-1 and NOZ cells effective-
ly decreased the expression of the endogenous Bag-1 both at mRNA and protein levels (Fig
1D and 1E).

Expression of miR-138 and Bag-1 in gallbladder carcinoma tissues

To investigate the role of miR-138 in gallbladder carcinoma, the expression levels of miR-138
were examined in 49 gallbladder carcinoma specimens and their paired adjacent non-neoplas-
tic tissues. Using qRT-PCR, it was found that the expression levels of miR-138 were reduced in
40 out of 49 (81%) cases of gallbladder carcinoma specimens (P<0.001) compared with those
of the adjacent non-neoplastic tissues (Fig 2A). Bag-1 has been reported to be upregulated in a
number of malignancies including gastric cancer, cervical carcinoma, breast cancer, and colo-
rectal cancer [24-27]. As a result, we assessed the expression of Bag-1 in gallbladder carcinoma
and found that Bag-1 was upregulated at the mRNA level in 37 (75%) gallbladder carcinoma
tissues compared with adjacent non-neoplastic tissues (P<0.001) (Fig 2B). A correlation analy-
sis between the expression of miR-138 and Bag-1 was performed, and the results showed that
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Fig 1. Bag-1 is a direct target of miR-138. (A) A schematic representation showing the putative target site of
Bag-1 and mutated target site for miR-138 with the seed region and base substitutions underlined. (B and C)
Luciferase reporter assay in HEK293T cells with co-transfection of Bag-1-UTR-WT or Bag-1-UTR-MUT at
indicated times. (D and E) The mRNA and protein expression levels of Bag-1in OCUG-1 and NOZ cells
transfected with miR-138 mimic or the control. B-Actin was used as an internal quantitative control. Error bars
represent the SD from three independent trials. **P<0.01.

doi:10.1371/journal.pone.0126499.g001

there is a significant inverse correlation between the mRNA expression levels of miR-138 and
Bag-1 (Pearson’s correlation R = —0.58, P<0.05) in gallbladder carcinoma (Fig 2C). The data
suggests that the reduced expression of miR-138 and increased expression of Bag-1 are fre-
quently observed in human gallbladder carcinoma specimens.
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Fig 2. Expression of miR-138 and Bag-1 in gallbladder carcinoma specimens. (A) The expression of
miR-138 was determined in gallbladder carcinoma tissues compared with matched normal adjacent
gallbladder tissues using qRT-PCR. (B) Relative expression of Bag-1 at mRNA level was examined in
gallbladder carcinoma tissues compared with matched normal adjacent gallbladder tissues using qRT-PCR.
(C) Inverse correlation between miR-138 and Bag-1 expression in gallbladder carcinoma tissues using
Pearson’s correlation coefficient. The expression of miR-138 was normalized to that of U6, and the
expression of Bag-1 mRNA was normalized to that of $-actin in each sample.

doi:10.1371/journal.pone.0126499.g002
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Fig 3. Effect of miR-138 on gallbladder carcinoma cell proliferation and apoptosis. (A) The gRT-PCR
analysis confirmed that the expression of miR-138 was clearly increased in cells transduced with miR-138
compared with the control vector. (B and C) Effect of miR-138 on cell proliferation was measured using MTT
assay in OCUG-1 and NOZ cells transduced with miR-138 or the control vector. (D) Flow cytometric analysis
of the effect of miR-138 on apoptosis of OCUG-1 and NOZ cells. Error bars represented the SD from three
independent trials. **P<0.01.

doi:10.1371/journal.pone.0126499.g003

Overexpression of miR-138 inhibited cell growth and induced apoptosis
in gallbladder carcinoma

To identify the role of miR-138 in gallbladder carcinoma cell lines, two gallbladder carcinoma
cell lines, OCUG-1 and NOZ, expressing low levels of miR-138 were transduced with either the
control vector or the miR-138 vector. At 96 hours after transduction, the increased expression
level of miR-138 was verified using QRT-PCR in both the OCUG-1 and NOZ cells (Fig 3A).
We evaluated the effect of miR-138 on cell proliferation and found a significant reduction in
the proliferation rate after overexpression of miR-138 when compared to the control vector
(Fig 3B and 3C). This inhibition effect of miR-138 on cancer cell growth was partly due to the
increased number of apoptotic cells (Fig 3D). These results indicate that miR-138 regulates cell
growth and apoptosis of gallbladder carcinoma cell lines.

Bag-1 regulated the apoptosis-related genes in gallbladder carcinoma
cells

To further determine whether Bag-1 is associated with the regulation of apoptosis in gallblad-
der carcinoma, the expression of Bag-1 protein in OCUG-1 and NOZ cells transfected with the
Bag-1 siRNA was analyzed. The results showed a significant decrease compared with that of
cells transfected with the negative control siRNA, suggesting that the expression of Bag-1 was
effectively inhibited by Bag-1 siRNA. A previous study indicated that Bag-1 is an anti-apoptotic
protein that can enhance the anti-apoptotic activity of BCL-2 [28]. The immunoblot data from
the present study showed that the expression of BCL-2 was decreased and that the expression
of Bax and cleavage of caspase-3 was increased following the silencing of Bag-1 in both these
cell lines (Fig 4A). The proliferation capacity of cells transfected with Bag-1 siRNA was signifi-
cantly inhibited when compared with transfection using the control siRNA (Fig 4B and 4C).
Cell apoptosis was analyzed using fluorescence-activated cell sorting. The result found that
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Fig 4. Silencing the expression of Bag-1 could inhibit the proliferation of gallbladder carcinoma cells.
(A) Immunoblots were performed to analyze Bag-1, BCL-2, Bax, and cleavage of caspase-3 expression in
Bag-1 siRNA-transfected OCUG-1 and NOZ cells. (B and C) MTT assay was used to measure cell
proliferative capacity in gallbladder carcinoma cells treated with the control siRNA or Bag-1 siRNA. (D)
Gallbladder carcinoma cells transduced with miR-138 compared with the control vector were subjected to
Western blot analysis with the indicated antibodies. Error bars represented the SD from three independent
trials. *P<0.05; **P<0.01.

doi:10.1371/journal.pone.0126499.g004

apoptosis was increased in the Bag-1 siRNA-transfected OCUG-1 and NOZ cells (Fig 4D). We
further demonstrated that a decreased expression of BCL-2, increased expression of Bax, and
increased cleavage of caspase-3 were found in the miR-138-overexpressing cells, which sup-
ports the results attained from silencing Bag-1 (Fig 4E). The results from this study indicate
that the target gene of miR-138 Bag-1 can regulate the apoptosis-associated genes in gallblad-
der carcinoma cells.

Effects of overexpression of Bag-1 on the proliferation and apoptosis of
gallbladder carcinoma cells

To determine the function of Bag-1, the Bag-1 vector was transfected into the gallbladder carci-
noma cells expressing miR-138. Analyses to determine the Bag-1 expression at protein level
(Fig 5A) and cell viability were performed (Fig 5B and 5C). The overexpression of Bag-1 signif-
icantly reversed the inhibitory effect of miR-138 on the growth of gallbladder carcinoma cells
and also, resulted in an inhibition of apoptosis induced by miR-138 (Fig 5D). These data
strongly indicate that the biological functions of Bag-1 are correlated to miR-138 in gallbladder
carcinoma.

Overexpression of miR-138 suppressed the growth of tumor in vivo

The effect of miR-138 on cell growth reduction in vitro prompted us to further investigate its
biological significance in vivo. By injecting NOZ cells expressing normal amounts of miR-138
or control vector into the dorsal flank of nude mice, we established the gallbladder carcinoma
xenograft models. It was found that the tumors of cancer cells overexpressing miR-138 grew
substantially more slowly than the control vector group (Fig 6A). As early as 14 days of post-
implantation, the difference in tumor growth between two groups became statistically signifi-
cant (Fig 6B).

Discussion

Recent studies indicate that alterations in miR-138 expression are associated with the develop-
ment and progression of human tumors such as leukemia, nasopharyngeal carcinoma,
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Fig 5. Effects of overexpression of Bag-1 on cell proliferation and apoptosis. (A) Expression of Bag-1
protein in OCUG-1 and NOZ cells stably expressing miR-138 transfected with pcDNAS3.1 vector as a control
or Bag-1 vector was detected using Western blot at 48 h after transfection. (B and C) Cell proliferation assay
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doi:10.1371/journal.pone.0126499.g005

neuroblastoma, and lung cancer [20-23]. In this study, it was found that miR-138 was fre-
quently decreased in the tumor tissues of patients with gallbladder carcinoma, and restoring
miR-138 expression resulted in an inhibition of cell proliferation and an enhancement of cell
apoptosis in gallbladder carcinoma. Furthermore, our results showed that miR-138 directly
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Fig 6. miR-138 inhibits the growth of tumor in vivo. (A) Twelve nude mice were used to establish the
gallbladder carcinoma xenograft models. Representative image of tumors formed at the fifth week after
injection. Experiments were repeated at least three times. (B) Growth curve was drawn by measuring tumor
volumes at the indicated times. **P<0.01.

doi:10.1371/journal.pone.0126499.9g006
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targets Bag-1 by binding its 3’-UTR sites. These results provide the first evidence that miR-138
is downregulated and plays an important role in gallbladder carcinoma.

Some studies have indicated that miR-138 is a master regulator of cell proliferation and apo-
ptosis pathways [20, 23]. Consistent with these results, we found that overexpression of miR-
138 significantly inhibits cell proliferation abilities and induces apoptosis in vitro. More impor-
tantly, NOZ cells transduced with miR-138 showed a significant growth inhibition when the
cells were examined in xenograft tumors in vivo. The in vitro and in vivo experiments imply
that strategies of introducing miR-138 into cancer cells might have a potential therapeutic
value in tumorigenesis.

Numerous studies have shown that Bag-1 is a multifunctional anti-apoptotic protein and
that it is involved in several cancer types including gastric cancer, cervical carcinoma, breast
cancer, and colorectal cancer [25-29]. However, little is known about the expression and func-
tional role of Bag-1 in gallbladder carcinoma. Here we found a significant elevation of Bag-1 in
gallbladder carcinoma tissues compared with the paired non-tumor tissues. Furthermore, a sig-
nificant inverse correlation was observed between the expression levels of miR-138 and Bag-1
mRNA in the gallbladder carcinoma tissues. Both gain- and loss-of-function studies revealed
that Bag-1 is a new target of miR-138.

Because it is not clear whether the negative regulation of Bag-1 by miR-138 contributes to
the suppression of gallbladder carcinoma cell proliferation, we silenced Bag-1 with its specific
siRNA and found that downregulation of Bag-1 can inhibit cell proliferation and induce apo-
ptosis in gallbladder carcinoma cells. Recent studies indicated that overexpression of Bag-1 is
associated with poor prognosis and resistance to doxorubicin in human hepatocellular carcino-
ma [30]. In neuroblastoma, hTERT was regulated by miR-138 with an increase of Bax expres-
sion and decrease of BCL-2 expression [21]. In accordance with these findings, our study
confirmed that miR-138 directly targets Bag-1 to regulate the expression of Bax, caspase-3, and
BCL-2. Moreover, the significant effects caused by overexpression of miR-138 on gallbladder
carcinoma cell growth and apoptosis were reversed partially following restoration of the ex-
pression of Bag-1 with a consequential elevation of BCL-2 as well as a suppression of Bax and
caspase-3 levels. We concluded that miR-138 directly targets Bag-1 in gallbladder carcinoma
cells, thus, suppresses cancer cell growth and induces apoptosis.

Although we partially demonstrated the functions and regulations of miR-138 and its target
gene Bag-1, the relationships between the expression level of miR-138 and clinical characteris-
tics and prognosis of patients with gallbladder carcinoma have not yet been investigated.
Therefore, more follow-up studies of gallbladder carcinoma patients need to be done.

Conclusions

The results from the present study showed that miR-138 has a tumor suppressing function
through regulation of its target gene Bag-1. These findings will help us understand the role and
mechanism of miR-138 in gallbladder carcinoma.
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