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Abstract: Bakcground: We measured expression of
miRNA-145 in gallbladder carcinoma and its influence
on propagation, invasion, and apoptosis of gallbladder
carcinoma cells in vitro. Methods: miRNA-145 expression
was compared between normal gallbladder epithelial cells
and GBS-SD (gallbladder series) cells using miRNA chip
technology. Propagation, apoptosis, and invasion properties
of each cell group were tested using MTT, a clone-formation
assay, flow cytometry, Western blot, and Transwell assays.
Results: Expression of miRNA-145 was observed to be down-
regulated and GBC-SD cell clones transiently transfected with
hsa-miRNA-145 were substantially reduced compared with
controls (p<0.01). We observed that GBC-SD cells transfected
with hsa-miRNA-145 and double-positive (Annexin V and PI)
for apoptosis were more numerous than controls. Moreover,
GBC-SD cells over-expressing miRNA-145 had significantly
greater expression of apoptosis-related protein, caspase-
3. A Transwell assay confirmed that GBC-SD cells over-
expressing miRNA-145 that migrated to the lower chamber
were fewer compared with controls. Post-transcriptional
regulation of gene expression was measured using dual-
luciferase reporter assays and data show that miRNA-145
facilitates the inhibition of GBC-SD cell growth and invasion
while inducing apoptosis by targeting DFF45. Conclusion:
Thus, we speculate that miRNA-145 facilitates inhibition of
GBC-SD cell growth and invasion while inducing apoptosis
by targeting DFF45; however, miRNA-145 does not directly
affect the GBC-SD cell cycle.
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1 Introduction

Primary gallbladder carcinoma, originating from the
gallbladder epithelium, causes malignant tumors but it
typically lacks clinical manifestations in the early stages.
Thus, early diagnosis in patients only occurs ~19.1% of
the time [1]. Most patients have progressed to middle and
advanced stages of the disease when finally diagnosed.
Also, cures after surgical resection are relatively rare and
usually accompanied by poor prognosis. For example,
five-year survival for gallbladder resection in American
and European countries is only 5-13%. Recently,
research suggested that abnormal molecular biological
mechanisms are associated with gallbladder carcinoma
and that these may be used to identify molecular markers
for early diagnosis and treatment targets [2, 3].

MicroRNAs (miRNAs) are non-coding single-stranded
RNA molecules involved in genetic expression and
regulatory activities after transcription in plants and
animals. miRNA-145 is located at the 5q32 region of the
long arm of human chromosome 5, and like other miRNAs
it neither contains an open reading frame nor encodes
for proteins. Previous studies indicate that expression
of miRNA-145 is down-regulated in almost all carcinoma
tissues [4-9]. Some studies have reported that miRNA-145
expression is down-regulated in breast cancer tissue, and
that miRNA-145 can inhibit propagation of breast cancer
cells and induce apoptosis [10]. However, the role of
miRNA-145 in gallbladder carcinoma and the underlying
molecular mechanisms have not yet been elucidated.

In this study, we characterized the biological
function of miRNA-145 in gallbladder carcinoma by
measuring differential expression of miRNA-145 in normal
gallbladder epithelial cells and GBC-SD cells using miRNA
chip technology and real-time PCR. Then, we analyzed
GBC-SD cells that over-express miRNA-145 and collected
data for cell growth to understand possible molecular
mechanisms underpinning the role of miRNA-145 in
gallbladder carcinoma. We subsequently investigated
the role of miRNA-145 in the genesis and development of
gallbladder carcinoma as well as its effect on biological
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behavior for the purpose of finding molecular markers for
early diagnosis. We believe that this study will provide
a platform to enable future identification of potentially
effective treatment targets.

2 Materials and methods

2.1 Cell culture and gallbladder carcinoma
tissue

Normal gallbladder epithelial cells were extracted from
healthy gallbladder tissue isolated from gallbladder
polyps obtained from cholecystectomy patients. The
isolated tissue was pathologically extracted from polyp
sections that had no obvious inflammation.

A GBC-SD human gallbladder low-differentiation
carcinoma cell line was purchased from Shanghai
Institutes for Biological Sciences, CAS. The GBC-SD
cell line and normal gallbladder tissue were cultured at
37°C and 5% CO, in Dulbecco’s modified Eagle’s medium
(Invitrogen, Carlsbad, CA) supplemented with 10% fetal
bovine serum (Invitrogen) and 1% glutamine. All fresh
tissue samples used in this study were isolated at the
Second Xiangya Hospital, the Third Xiangya Hospital and
the Hunan People’s Hospital from specimens surgically
resected between January 2011 and June 2013, with tissue
sizes approximating 0.8 cm x 0.8 cm x 0.6 cm. Among
the 15 gallbladder carcinoma tissue specimens, six were
extracted from male patients and nine were extracted
from female patients. All patients were between 40 and
67 years-of-age (mean 54.3 years). Prior to surgery, no
gallbladder carcinoma patient underwent radiotherapy
or chemotherapy, and each patient had complete medical
records. After surgery, all patients were confirmed as having
gallbladder carcinoma after pathological diagnoses.
Controls were composed of the same 15 patients, with
control tissues being derived from adjacent tissues that
were = 3 cm in distance from the tumor and showing no
cancerous invasion on pathological diagnosis. Less than
0.5 h after isolation, tissue specimens were stored in Cryo
Tubes with liquid nitrogen freezing until experiments.

Informed consent: Informed consent has been obtained
from all individuals included in this study.

Ethical approval: The research related to human use has
been complied with all the relevant national regulations,
institutional policies and in accordance the tenets of the
Helsinki Declaration, and has been approved by the authors’
institutional review board or equivalent committee.
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2.2 Quantitative real-time RT-PCR

Total RNA was isolated using Trizol (Invitrogen, city, state).
RNA extracts were subsequently reverse-transcribed into
cDNA using a PrimeScript RT Master Mix (Takara, Japan)
according to the manufacturer’s instructions. Quantita-
tive real-time PCR was performed using the SYBR Premix
Ex TagTM kit (Takara, Japan). The specific primer sequen-
ces used for quantitative real-time PCR were as follows:
hsa-miRNA-145-F:
5’-AGTCGCTAGCCCACCCTGGCTGCTACAGATG-3’,

and hsa-miRNA-145-R:
5’-ATCGGAATTCGGACAGCCTTCTTCTTGAACC-3‘. Primers
were synthesized by Shanghai RiboBio Co. Ltd. (China).
Expression of miRNA-145, relative to U6, was measured
using the 222¢ method. Results were analyzed according
to the manufacturer’s instructions. Experiments were per-
formed independently, in triplicate, and data from a repre-
sentative experiment are shown.

2.3 miRNA microarray and data analysis

Global miRNA expression data were obtained using
Affymetrix miRNA 1.0 arrays (Affymetrix). Total RNA
samples were labeled using an Affymetrix FlashTag Biotin
HSR RNA Labeling Kit according to the manufacturer’s
protocol. Briefly, 500 ng of each total RNA sample was
poly(A)-tailed at 37°C for 15 min using poly (A) polymerase
enzyme and ATP. The resultant mixture was biotinylated
by ligating biotin-labeled fragments to the 3’- ends of
RNA molecules. Labeled samples were hybridized on
miRNA 1.0 arrays at 48°C and 60 rpm for 16 h. Arrays were
subsequently washed and stained using the standard
Affymetrix protocol with an Affymetrix Hybridization,
Wash, and Stain Kit using a FS 450 fluidic station
instrument. Arrays were scanned using an Affymetrix
GeneChip Scanner 3000 instrument. An Affymetrix
GeneChip Command Console 1.1 software package was
used for data analysis.

2.4 Construction of miR-hsa-miRNA-145
expression vector, strains and plasmids

E. coli Top10 (Invitrogen) cells and plasmid pLL3.7
(Addgene) were used to construct eukaryotic miRNA
expression vectors. First, DNA was extracted from miRNA-
145 expressing cells and vector-transformed E. coli Top10
cells. The NCBI database was used to design primers
that facilitated amplification of the full-length miRNA-
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145 molecule. PCR amplification of the template was
subsequently performed and the amplicons were digested
with restriction endonucleases compatible with the vector
multi-cloning site. The vector was digested with compatible
restriction enzymes, and both insert and plasmid were
separated using 1% agarose gel electrophoresis. Gel
extraction procedures were subsequently used to purify
the vector and associated insert. The hsa-miRNA-145
fragments were ligated to the plasmid backbone and the
ligated products were used to transform competent E.
coli cells. Resultant transformants were screened for the
presence of the hsa-miRNA-145 inserts.

2.5 Transient transfection of expression
plasmid, stable transfection of cells, and
clone selection

Cells were subcultured in a 6-well plate and grown until
they reached 60-80% confluence and then culture
media was changed to resistance-free 10% FBS DMEM
complete medium. One to two hours after the media was
changed, Lipofectamine 2000 (Invitrogen) was used to
facilitate transfection. A total of 1 pl of the expression
vector (final concentration of 2 pg/ul), 100 pl of serum-
free medium and 5 pl of the transfection reagent,
lip2000, were incubated at room temperature for 5 min.
This reaction mixture was thoroughly mixed prior to the
5 min incubation step. Opti-MEM (Invitrogen) medium
containing Lipofectamine 2000 was added, drop-wise,
to an Eppendorf tube containing the requisite plasmids,
and the reaction was allowed to proceed for 30 min.
Finally, the reaction mixture was added to cultured cells
(drop-wise) and shaken to re-suspend the associated
suspension. The media was changed every 5 h.

For GBC-SD cells transfected after 48 h, complete
medium containing 0.5 pg/ml G418 was used to screen for
transfected clones. Media was changed every other day.
Resultant cell cultures were monitored for two to three
weeks, and clones visible to the naked eye were grown.
Clones were then isolated to generate amplification
cultures.

2.6 Apoptotic

Cells were harvested and rinsed twice with PBS and
samples were diluted with 150 pl of 1 x annexin-binding
buffer. Next, 5 pl of FITC-labeled enhanced-annexin V and
5 pl (20 pg/ml) of propidium iodide were added into the
cell suspension. Cells were subsequently incubated in the
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dark for 15 min at room temperature. Flow cytometry was
conducted using a FAC-SCalibur instrument (FACSVerse).
Data were analyzed according to the manufacturer’s
instructions. We repeated the experiment three times to
confirm results.

2.7 Western blot

Total protein was extracted using RIPA buffer and
a protease inhibitor cocktail (Pierce, Rockford, IL).
Extracted protein was quantified using a BCA protein
Assay Kit (Pierce) and separated by 9% SDS-PAGE. Gels
were subsequently transferred onto PVDF membranes
(Millipore, Bedford MA). Next, membranes were incubated
with rabbit mono-clonal anti-caspase-3 antibody (1:5,000;
Epitomics, Burlingame, CA) or mouse mono-clonal anti-
GAPDH antibody (1:5,000, Abcam, Cambridge, MA).
Membranes were subsequently incubated with secondary
antibody. Signals were measured using ECL.

2.8 Dual-Luciferase reporter assay

We plated the GBC-SD cells in 24-well plates the day
before transfection. Wild-type or seed-region-mutated
DFF-45 3’-untranslated region (UTR) sequences were
inserted into pGL4 plasmids following double restriction
enzyme digestion. Reporter plasmids were co-transfected
with miRNA-145 or the control into GBC-SD cells using
Lipofectamine 2000 (Invitrogen). Cells were harvested 48
h later, and relative luciferase activities were measured
using a Dual-Luciferase Assay System (Promega, Madison,
WI).

3 Results

3.1 Expression of miRNA-145 was down-
regulated in GBC-SD cells and gallbladder
carcinoma tissue

Micro-array hybridization of RNA specimens and scanning
analyses showed dot-shaped florescent signals and
data indicate that in GBC-SD cells miRNA-145 was down-
regulated compared to normal gallbladder epithelial
cells. Figure 1 shows miRNA-145 expression in gallbladder
carcinoma tissues was significantly decreased compared
with adjacent gallbladder tissues. These data agree with
GBC-SD cell chip assay results.
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3.2 Successful construction of hsa-miRNA-
145 over-expression vector and hsa-miRNA-
145 over-expression gallbladder carcinoma
stable cell line

We constructed an hsa-miRNA-145 over-expressing vector and
after comparing DNA sequencing results with the original
sequence from the NCBI reference genome, we observed
that the GV143-hsa-miRNA-145 sequence was identical to the
original sequence and had no single base mutations.

We subsequently generated GBC-SD cell lines
that stably over-expressed hsa-miRNA-145. After G418
resistance screening, we obtained GBC-SD cell lines
containing stably transfected empty plasmids and GBC-SD
cell lines stably over-expressing the hsa-miRNA-145
plasmid. Total RNA was extracted from transfected and
untransfected cells lines prior to real-time PCR analysis
(Fig. 2). Data show that hsa-miRNA-145 in cells stably
over-expressing hsa-miRNA-145 was significantly elevated
compared with the normal control group (untransfected
GBC-SD cell group) and the empty plasmid-transfected
group (p < 0.05). Compared with the empty plasmid group,
the normal control group had no significant changes in
hsa-miRNA-145 expression (p > 0.05).

3.3 GBC-SD cell lines stably transfected with
hsa-miRNA-145 exhibited reduced growth

We studied three groups at different time points with an
MTT assay, and plotted the GBC-SD growth curve (Fig. 3).
Data show that on the fourth day of culture, GBC-SD cells
stably transfected with hsa-miRNA-145 were inhibited
30% (p < 0.05), compared with the normal control group
and empty plasmid group.

3.4 Over-expression of hsa-miRNA-145 has
no significant effect on the cell cycle

Flow cytometry data for GBC-SD cells transfected with
hsa-miRNA-145 and normal control group cells appear in
Fig 4. Cells over-expressing hsa-miRNA-145 in the S phase
were slightly increased compared with the normal control
group and the empty plasmid-transfected group; however,
the difference was not significant (p > 0.05).

DE GRUYTER

U6 RNAD

A B

Relatve miRNA-145 level (q RCR nom

Figure 1. miRNA-145 expression in adjacent gallbladder tissues (A)
and gallbladder carcinoma tissues (B).

20.0 ¢ *
18.0
16.0
14.0
12.0
10.0
8.0 ns
6.0
4.0
20

0.0

A B C

RNA relative level

Figure 2. GBC-SD cells stably transfected with hsa-miRNA-145 have
more hsa-miRNA-145 expression. A: hsa-miRNA-145 expression in
normal non-transfected GBC-SD cells; B: GBC-SD cells transfected
with empty plasmid C: cells over-expressing hsa-miRNA-145 (ns:
non-significant differences; *: p<0.05, significant difference).
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Figure 3. Effect of hsa-miRNA-145 on gallbladder carcinoma cell
growth according to MTT assay. normal control : normal non-
transfected GBC-SD cells; vect: GBC-SD cells transfected with empty
plasmids; miR-145: GBC-SD cells transfected with hsa-miRNA-145
over-expression plasmids; p<0.05: significant difference.
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Figure 4. Cell cycle distribution for all phases of GBC-SD cells accordin
cells transfected with hsa-miRNA-145 over-expression plasmids .

3.5 Hsa-miRNA-145 induces apoptosis of
GBC-SD cells

Flow cytometry data showed that GBC-SD cells transfected
with hsa-miRNA-145 were double-positive (Annexin V and
PI) and more apoptotic than the normal control and this
difference was significant (p < 0.05; Fig. 5).

We measured expression of caspase-3 with Western
blot and (Fig. 6) show that relative expression of the
caspase-3 protein in GBC-SD cells transfected with hsa-
miRNA-145 was higher than in normal control and the
empty plasmid transfection group. These differences were
significant (p < 0.01) and show that caspase-3 expression
was up-regulated after hsa-miRNA-145 over-expression.

3.6 Hsa-miRNA-145 inhibits GBC-SD cell
clone formation

Clone formation assays showed that clones formed from
GBC-SD cells transfected with hsa-miRNA-145 were fewer
than for controls (p<0.01; Fig. 7). However, compared with
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the empty plasmid group, GBC-SD cells not transfected
were not different with respect to clones formed (p < 0.05).

3.7 Over-expressed miRNA-145 down-regula-
tes expression of DFF45 mRNA and protein

Sequence analysis showed that the DFF45 3’-UTR contains
a putative binding site (854 bp-876 bp, Fig. 9A) for miR-
145. After transfection of GC-SD cells with miRNA-145, we
measured DFF45 mRNA and protein expression. Real-
time PCR and Western blot revealed that compared with
controls and transfected empty plasmids, over-expressed
miRNA-145 cell lines had less DFF45 transcription
(p < 0.05) and protein expression (p < 0.05; Fig. 8).

We next assayed relevant reporter plasmids and
miRNA for fluorescent activity and observed that cells
transfected with NC and DFF45-854, cells transfected
with hsa-miRNA-145 and DFF45-854 had less fluorescent
activity; the associated difference was significant
(P = 0.005281; Fig. 9B). Compared with cells transfected
with NC and DFF45-854 mutation, cells transfected with
hsa-miRNA-145 and the DFF45-854 mutation had less
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Figure 5. Flow cytometry indicating apoptosis of GBC-SD cells (Annexin V-FITC). A:represents normal non-transfected GBC-SD cells;
B: represents hsa-miRNA-145 transfection group.
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Figure 6. Expression of caspase-3 protein in GBC-SD cells according to Western blot.
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Figure 7. Hsa-miRNA-145 inhibits GBC-SD clone formation. A: cells over-expressing hsa-miRNA-145; B: GBC-SD cells transfected with empty
plasmids; C: normal non-transfected GBC-SD cells.
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fluorescent activity; however, the difference was not
significant (P = 0.4784; Fig. 9C). With EZH2, a known
target gene of miR-101 as a positive control, we observed
that compared with cells transfected with NC and EZH2-
CDS854, cells transfected with hsa-miR-101 and EZH2-
CDS854 had less fluorescent activity. Thus, DFF45 is a
direct target for miRNA-145 in gallbladder cancer cells.

4 Discussion

The pathogenesis and development of tumors
predominantly originate from homeostatic regulation
disorders pertaining to particular molecular events,
including activation of proto-oncogenes and inactivation
of tumor suppressor genes [11]. Tumor occurrence
subsequently results in changes in inherent cell behavior,
which are reflected in tumor cell propagation, evasion
from apoptosis and immunological surveillance,
epithelial to mesenchymal transition (EMT), migration,
and clone formation [12]. Effective tumor suppression
changes propagation, apoptosis, and migration. After
tumor treatment, not all tumor cells are eliminated? but it
is hoped that their growth will be suppressed to promote
treatment and patient survival.

As a tumor suppressing miRNA, miRNA-145 recently
gained attention due to its role in tumorigenesis and tumor
development. Importantly, miRNA-145 has been observed
to exhibit low expression in many diverse cancers [13-
18]. Thus, miRNA-145 plays an important regulatory role
in tumor cell genesis, propagation, apoptosis, EMT, and
migration.

Our previous studies showed that expression of miRNA-
145 in GBC-SD cells and gallbladder carcinoma tissue were
down-regulated, suggesting that miRNA-145 may affect
the genesis and development of gallbladder carcinoma by
regulating the biological function of gallbladder cells. This
is consistent with the previous report [19]. An MTT assay
showed that on the fourth day of cell culture, GBC-SD cells
with high hsa-miRNA-145 expression had 30% reduction in
growth, compared with normal gallbladder cells or cells
transfected with empty plasmids. However, compared with
normal GBC-SD cells, cells transfected with empty plasmids
were not changed with respect to cell number. Therefore,
decreased number of GBC-SD cells is due to hsa-miRNA-145
over-expression. Several studies have shown that miRNA-
145 indirectly regulates the cell cycle by directly targeting
cyclin proteins or by targeting oncogenes such as c-myc.
However, it has also been suggested that miRNA-145 may
target relevant members of the IGF signal pathway to
inhibit cell propagation. In colon cancer, insulin receptor
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Figure 8. Western blot quantification of DFF45 protein expression in
controls, transfected empty plasmid group and transfected miRNA-
145 cell lines. Normal control: normal GBC-SDE cells not transfected;
Vect: GBC-SD cells transfected with empty plasmids; MiRNA-145
GBC-SD cells transfected with over-expressed miRNA-145 plasmids.
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Figure 9. hsa-miRNA-145 targets DFF45-854 to regulate transcriptio-
nal activity. A, bioinformatics predicted target region and sequence
of hsa-miRNA-145 in DFF45-854 and hsa-miRNA-145 target sequence
mutants. B, hsa-miRNA-145 suppressed activity of normal DFF45-
854; C, hsa-miRNA-145 had no suppressive effects related to activity
of DFF45-854 mutants.

substrate-1 (IRS-1) binds to type I insulin-like growth factor
receptor (IGF-IR). The resultant complex is a strong mitogen
that conveys the signals of mitosis, anti-apoptosis and
cell differential inhibition and regulates cell growth and
propagation, causing cell mutations and tumor genesis
[20].

Slaby’s group [21] reported that both the
3’-untranslated region (3’UTR) of IRS-1 and IGF -IR3’UTR
were directly regulated by miRNA-145. It is therefore
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feasible that miRNA-145 affects GBC-SD cell numbers by
inhibiting the propagation of gallbladder carcinoma cells.
However, we observed that miRNA-145 in GBC-SD cells had
no obvious effect on the cell cycle, suggesting that miRNA-
145 does not suppress cell numbers by hindering the cell
cycle. This may be due to heterogeneity and complexity
of tumorigenesis. Cancerous processes associated with
normal tissue after pathological stimulation are likely
to activate different genetic combinations. miRNA-145
is likely to target hundreds of associated genes while
mediating pathological genesis and development.
Likewise, it is likely that miRNA-145 expression may also
be regulated by hundreds of genes. This suggests that
miRNA-145 may have different effects on the cell cycle in
cancerous processes in different tissues.

Thus, the mechanism for miRNA-145 inhibition of
GBC-SD cell growth is of interest. Apart from decreased
propagation, decreased cell numbers may result from
increased apoptosis. In this study, we observed that over-
expression of miRNA-145 in GBC-SD cells decreased DFF45
transcription and expression, suggesting that miRNA-145
can regulate DFF45 in gallbladder cancer cells. This is in line
with previous research that shows DFF45 has been reported
as one of the targets of miRNA-145 in colon cancer [22].

DNA fragmentation factor (DFF), also known as CAD
(caspase-activated DNase) [23, 24], is one of the direct
substrates of Caspase3, including a basic protein DFF40
with molecular weight of 40 kDa, and an acidic protein of
45 kDa. Among them, DFF40 is a catalytic subunit of DFF,
while DFF45 is the regulation subunit of DFF. DFF40 acts
as ribozyme of DNA [25, 26], when DFF40 is activated, DNA
can be cut into 180-200 bp pieces, representing specific
molecular characterization as DNA Ladder showed in
apoptosis, and the activated DFF45 has an inhibitory effect
on DFF40. Studies showed that in human, mouse, rat,
zebrafish, drosophila and chicken and other organisms,
DFF40 and DFF45 are conservative in structure and
function, and are expressed in many human tissues. It has
been indicated that DFF40 and DFF45 have wide-spectrum
characteristics in the regulation of apoptosis [27].

During the regulation of apoptosis, DFF45 acts as
a molecular chaperone of DFF40. Having finished the
protein translation of DFF40, DFF45 can bind to the
DFF40 nascent chain to help it fold correctly, and in the
meantime it enters the nucleus as a protein complex.
When the external apoptosis signals stimulate and induce
the response of apoptosis, the activated Caspase3 can
cut the two sites in DFF45: the Asp117 and Asp224, thus
resulting in the action zone damage between DFF45 and
DFF40, and the release of DFF40 occurs successively.
DFF40 forms catalytic activated homo oligomers, which
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degrade chromosome DNA, and afterwards produce
apoptotic bodies, causing cell apoptosis [28-29].

One of the important characters of cancer cells is
that they can escape apoptosis, which may be due to the
dysregulation of apoptosis within tumor cells. It has been
found that DFF45 has a certain role during the occurrence
and development of cancer. Examination of normal
endometrial tissue from 20 cases of hysterectomy due
to uterine fibroids found that SiSo cell receptor binding
cancer antigen (receptor binding cancer antigen-expressed
on SiSo cells — SiSo, RCAS1 and DFF45) shows consistent
negative correlation to DFF45 at different stages, which
demonstrates that DFF45 may be involved in apoptosis
resistance of endometrial tumors [28]. In the NB-1 and
NB-C201 cell lines of human neuroblastoma, there is a
homozygous deletion in the chromosome region 1p36.2 to
p36.3, which includes DFF45, suggesting that DFF45 may
play a key role in the occurrence of human neuroblastoma
[29]. In addition, a relationship between the differential
expression of DFF45 and the incidence of cervical cancer,
colorectal cancer and lung cancer has been also reported.
Given the role of DFF45 in the development of various
types of cancer, is further study of DFF45 in gallbladder
carcinoma is warranted. Protein assays showed that over-
expression of miRNA-145 could decrease expression of
DFF45, indicating that miRNA-145 can suppress DFF45
translation. Using a fluorescent reporting system for
verification, we observed that a region (854 bp—876 bp) in
the DFF45 mRNA molecule was suppressed by miRNA-145.
This suggests that the 854 bp—876 bp region is essential
for miRNA-145 to suppress DFF45 mRNA translation. The
result also shows that miRNA-145 targets the 854 bp—876
bp section of the DFF45 mRNA molecule to down-regulate
DFF45 expression in gallbladder cancer cells. These
results are similar to those previously reported regarding
miRNA-145 in intestinal cancer. According to a previous
study, miRNA-145 can down-regulate DFF45 expression to
prevent colon cancer by targeting the 854 bp—876 bp mRNA
section [30]. In accordance with our previous findings,
over-expression of miRNA-145 in GBC-SD cells increases
apoptosis and significantly up-regulates caspase-3. This
suggests that in gallbladder cancer cells, miRNA-145
might up-regulate caspase-3 resulting in release of DFF40
while down-regulating DFF45 expression by targeting the
854 bp—876 bp mRNA section. These results suggest that
miRNA-145 disables DFF40 suppression by DFF45 thereby
facilitating caspase-3-induced apoptosis. Thus, miR-145
can increase apoptosis of gallbladder cancer cells by
directly suppressing DFF45, suggesting that miR-145 may
be a novel treatment target for gallbladder cancer.



DE GRUYTER

Acknowledgment: This study (Project JY201522) was
financed by The New Xiangya Talent Project of the Third
Xiangya Hospital of Central South University.

Conflict of interest: Authors state no conflict of interest.

References

[1] Jorge AS, Avissai AV, Humberto CO, Roberto HG. The Precursor
Lesions of invasive gallbladder carcinoma. Hyperplasia,
atypical hyperplasia and carcinoma in situ. Cancer. 1980;
MM45: 919-927.

[2] Quan Z.Advances in gallbladder carcinoma - related genes and
tumor markers. Chin J Practic Surg. 2003; 23(10):638-640.

[3] Goldin RD, Roa JC. Gallbladder cancer: a morphological and
molecular update. Histopathology. 2009; 55(2): 218-229.

[4] Kumar MS, Lu J, Mercer KL, Golub TR, Jacks T. Impaired
microRNA processing enhances cellular transformation and
tumorigenesis. Nat Genet. 2007; 39(5): 673-677.

[5] Eis PS, Tam W, Sun L, Chadburn A, Li Z, Gomez MF, et al.
Accumulation of miR-155 and BICRNA in human B cell
lymphomas. Proc Natl Acad Sci USA. 2005; 102(10): 3627-3632.

[6] LiuA, FengB, GuW, Cheng X, Tong T, Zhang H, et al. The CD133
+ subpopulation of the SW982 human synovial sarcoma cell
line exhibits cancer stem - like characteristics. Int ) Oncol.
2013; 4: 1399-1407.

[7]1 Pergot P, Nowak-Stepniowska A, Drela K, Padzik-Graczyk A. The
importance of stem cells in the initiation and development of
cancer. Postepy Biochem. 2013; 1: 45-52.

[8] Lee HK, Bier A, Cazacu S. MicroRNA -145 is downregulated in
glial tumors and regulates glioma cell migration by targeting
connective tissue growth factor. PLoS One. 2013; 2: 54652.

[9] Silber], Lim DA, Petritsch C, Persson Al, Maunakea AK, Yu M,
et al. miR-124 and miR-137 inhibit proliferation of glioblastoma
multiforme cells and induce differentiation of brain tumor stem
cells. BMC Med. 2008; 6: 14.

[10] Sachdeva M, Mo YY. MicroRNA-145 suppresses cell invasion
and metastasis by directly targeting mucin 1. Cancer Res. 2010;
70(1): 378-387.

[11] Zhang ZC, Fu S, Wang F, Wang HY, Zeng YX, Shao JY. Oncogene
mutational profile in nasopharyngeal carcinoma. Onco Targets
Ther. 2014; 7: 457-467.

[12] Bickebdoller M, Tagscherer KE, Kloor M, Jansen L, Chang-Claude
J, Brenner H, et al. Functional characterization of the tumor-
suppressor MARCKS in colorectal cancer and its association
with survival. Oncogene. 2014; 10: 1038.

[13] TakagiT, lio A, Nakagawa Y, Naoe T, Tanigawa N, Akao Y.
Decreased expression of microRNA-143 and -145 in human
gastric cancers. Oncology. 2009; 77(1): 12-21.

[14] Chen X, Guo X, Zhang H, Xiang Y, Chen J, Yin Y, et al. Role of
miR-143 targeting KRAS in colorectal tumorigenesis. Oncogene.
2009; 28(10): 1385-1392.

[15] Borralho PM, Simdes AE, Gomes SE, Lima RT, Carvalho T,
Ferreira DM, et al. miR-143 overexpression impairs growth of

MiRNA-145 induces apoptosis by targeting DFF45 =—— 235

human colon carcinoma xenografts in mice with induction of
apoptosis and inhibition of proliferation. PLoS One. 2011; 6(8):
e23787.

[16] AkaoY, Nakagawa Y, Naoe T. MicroRNAs 143 and 145 are
possible comm. -on onco-microRNAs in human cancers. Oncol
Rep. 2006; 16(4): 845-850.

[17] Kano M, Seki N, Kikkawa N, Fujimura L, Hoshino I, Akutsu Y,
et al. miR-145, miR-133a and miR-133b: Tumor-suppressive
miRNAs target FSCN1in esophagealsquamous cell carcinoma.
Int J Cancer. 2010; 127(12): 2804-2814.

[18] Bandrés E, Cubedo E, Agirre X. Identification by Real-time PCR
of 13 mature microRNAs differentially expressed in colorectal
cancer and non-tumoral tissues. Mol Cancer. 2006; 5: 29.

[19] Letelier P, Garcia P, Leal P, Alvarez H, Ili C, Lépez J, et al. miR-1
and miR-145 act as tumor suppressor microRNAs in gallbladder
cancer. Int ] Clin Exp Pathol. 2014; 7:1849-67.

[20] Shi B, Sepp-Lorenzino L, Prisco M, Linsley P, deAngelis
T, Baserga R. MicroRNA 145 targets the insulin receptor
substrate-1 and inhibits the growth of colon cancer Cells. ] Biol
Chem. 2007; 282(45): 32582-32590.

[21] Slaby O, Svoboda M, Michalek J, Vyzula R. MicroRNAs in
colorectal cancer: translation of molecular biology into clinical
application. Mol Cancer. 2009; 8: 102.

[22] Zhang ), Guo H, Qian G, Ge S, Ji H, Hu X, et al. MiR-145, a new
regulator of the DNA fragmentation factor-45 (DFF45)-mediated
apoptotic network. Mol Cancer. 2010; 9:211.

[23] Liu X, Zou H, Slaughter C, Wang X. DFF, a heterodimeric
protein that functions downstream of caspase-3 to trigger DNA
fragmentation during apoptosis. Cell. 1997, 89:175-184.

[24] Korn C, Scholz SR, Gimadutdinow O, Pingoud A, Meiss G.
Involvement of conserved histidine, lysine and tyrosine
residues in the mechanism of DNA cleavage by the caspase-3
activated DNase CAD. Nucleic Acids Res. 2002, 30:1325-1332.

[25] Enari M, Sakahira H, Yokoyama H. A caspase-activated DNase
that degrades DNA during apoptosis, and its inhibitor ICAD.
Nature. 1998, 391:43-50.

[26] Hyun HP. Fifty C-terminal amino acid residues are necessary
for the chaperone activity of DFF45 but not for the inhibition of
DFF40. BMB reports. 2009, 12:713-718.

[27] Samejima K, Earnshaw WC. Differential localization of ICAD-L
and ICAD-S in cells due to removal of a C-terminal NLS from
ICAD-L by alternative splicing. Cell Res. 2000, 255:314-320.

[28] Popiela T, Wicherek L, Radwan M, Sikora J, Banas T, Basta P, et
al. The differences in RCAS1 and DFF45 endometrial expression
between late proliferative, early secretory, and midsecretory
cycle phases. Folia Histochemica Et Cytobiologic. 2007,
45:157-162.

[29] Yang HW, Chen YZ, Piao HY, Takita J, Soeda E, Hayashi Y.

DNA fragmentation factor 45 (DFF45) gene at 1p36.2 is
homozygously deleted and encodes variant transcripts in
neuroblastoma cell line. Neoplasia, 2001, 3:165-9.

[30] Zhang ), Guo H, Qian G, Ge S, Ji H, Hu X, et al. MiR-145, a
new regulator of the DNA Fragmentation Factor-45 (DFF45)-
mediated apoptotic network. Molecular Cancer. 2010; 9: 211.
doi:10.1186/1476-4598-9-211.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Letelier%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24966896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garc%C3%ADa%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24966896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leal%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24966896
https://www.ncbi.nlm.nih.gov/pubmed/?term=%C3%81lvarez%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24966896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ili%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24966896
https://www.ncbi.nlm.nih.gov/pubmed/?term=L%C3%B3pez%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24966896
https://www.ncbi.nlm.nih.gov/pubmed/24966896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20687965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guo%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20687965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Qian%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20687965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ge%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20687965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ji%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20687965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=20687965
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20W%5BAuthor%5D&cauthor=true&cauthor_uid=20687965
https://www.ncbi.nlm.nih.gov/pubmed/?term=dff45+and+miR-145
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=9108473
https://www.ncbi.nlm.nih.gov/pubmed/?term=Korn%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11884629
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scholz%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=11884629
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gimadutdinow%20O%5BAuthor%5D&cauthor=true&cauthor_uid=11884629
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pingoud%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11884629
https://www.ncbi.nlm.nih.gov/pubmed/?term=Meiss%20G%5BAuthor%5D&cauthor=true&cauthor_uid=11884629
https://www.ncbi.nlm.nih.gov/pubmed/?term=Popiela%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=18292826
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wicherek%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18292826
https://www.ncbi.nlm.nih.gov/pubmed/?term=Radwan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18292826
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sikora%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18292826
https://www.ncbi.nlm.nih.gov/pubmed/?term=Banas%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18292826
https://www.ncbi.nlm.nih.gov/pubmed/?term=Basta%20P%5BAuthor%5D&cauthor=true&cauthor_uid=18292826
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20HW%5BAuthor%5D&cauthor=true&cauthor_uid=11420752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20YZ%5BAuthor%5D&cauthor=true&cauthor_uid=11420752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Piao%20HY%5BAuthor%5D&cauthor=true&cauthor_uid=11420752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takita%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11420752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Soeda%20E%5BAuthor%5D&cauthor=true&cauthor_uid=11420752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hayashi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=11420752
http://www.ncbi.nlm.nih.gov/pubmed/11420752
http://www.ncbi.nlm.nih.gov/pubmed?term=Takagi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19439999
http://www.ncbi.nlm.nih.gov/pubmed?term=Iio%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19439999
http://www.ncbi.nlm.nih.gov/pubmed?term=Nakagawa%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19439999
http://www.ncbi.nlm.nih.gov/pubmed?term=Borralho%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=21901135
http://www.ncbi.nlm.nih.gov/pubmed?term=Sim%C3%B5es%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=21901135
http://www.ncbi.nlm.nih.gov/pubmed?term=Gomes%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=21901135

