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miR-182 controls cell growth in gastrointestinal stromal
tumors by negatively regulating CYLD expression
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Abstract. Gastrointestinal stromal tumors (GISTs) are the
most common type of mesenchymal tumor of the digestive
tract. MicroRNAs (miRNAs) are short non-coding RNAs,
which control gene expression at a post-transcriptional level.
Dysregulated miRNAs are involved in various types of human
disease, including cancer. In the present study, it was revealed
that miRNA-182 (miR-182) expression was significantly
upregulated in human GISTs compared with adjacent normal
tissues. Overexpression of miR-182 enhanced GIST-T1 cell
growth, with increased proliferation and decreased apop-
tosis. miR-182 upregulation also promoted colony formation
and migration of GIST-T1 cells. In addition, cylindroma-
tosis (CYLD) was identified as a direct target of miR-182.
Overexpression of miR-182 suppressed CYLD expression and
enhanced downstream nuclear factor (NF)-xB activation. It
was also determined that the expression of CYLD was down-
regulated in association with upregulated miR-182 in human
GISTs. In conclusion, these results demonstrated that miR-182
promoted GIST cell growth by negatively regulating CYLD
expression. These findings indicated that miR-182 antagonist
may be a promising therapeutic strategy for the treatment of
human GIST.

Introduction

Gastrointestinal stromal tumors (GISTs) are the most common
type of mesenchymal tumor of the digestive tract. According
to worldwide reports, 60-70% of GISTs are detected in the
stomach, and 25-35% are found in the small or large intestine.
Only a small percentage of GISTs occur in other parts of the
gastrointestinal tract (1). For early-stage or locally advanced
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GISTs, surgery is the optimal treatment method. However, the
prognosis for patients with GISTs is usually poor, as GISTs
have limited responses to traditional treatments such as radio-
therapy and chemotherapy (2,3).

Recent studies have identified oncogenic kinase mutations
in GISTs. The subsequent introduction of kinase inhibitors as
potential antineoplastic has provided a new insight into the
treatment of GISTs (4). The KIT (also known as CD117) and
platelet derived growth factor receptor oo (PDGFRA) genes,
which encode 2 type III receptor tyrosine kinases are recog-
nized as the 2 most common mutations in GISTs (5,6). Though
progress has been made, the pathogenesis of GISTs is not fully
understood and there may be other genetic regulators of the
disease.

MicroRNAs (miRNA) are a type of hairpin-derived small
non-coding RNA, which can regulate gene expression at a post-
transcriptional level. More than 60% of protein-coding genes
have been computationally predicted as miRNA targets, based
on evolutionarily conserved base-pairing between mRNAs and
the seed sequences of miRNAs (7). It is evident that miRNAs
play essential roles in the regulation of multiple cellular
processes, including proliferation (8), apoptosis (9), differen-
tiation (10) and the cell cycle (11). The abnormal expression
of miRNAs contributes to the pathogenesis of multiple human
diseases (12), including cancer (13,14). A growing body of
studies has uncovered a number of significant roles of miRNAs
in the development of human GISTs, including associations
with tumorigenesis, tumor progression, prognosis and drug
resistance (15-22). miR-221 and miR-222 induce GIST cell
apoptosis by negatively regulating the KIT/protein kinase B
(AKT) signaling pathway (18). miR-21 sensitizes GIST cells to
imatinib treatment by supressing B-cell lymphoma 2 (BCL-2)
expression (17). Recently, dysregulated miR-182 was observed
in various types of malignant tumors (23-30). However, little is
known about the role of miR-182 in human GISTs.

In the present study, it was found that miR-182 was aber-
rantly upregulated in human GISTs compared with adjacent
normal tissues. Silencing of miR-182 via a miR-182 specific
inhibitor, suppressed cell proliferation and enhanced apoptosis.
In addition, miR-182 promoted GIST-T1 cell colony formation
and migration. Furthermore, cylindromatosis (CYLD) was
identified as a direct target of miR-182. The overexpression
of miR-182 reduced CYLD expression, resulting in enhanced
NF-«kB activation. It was also revealed that the expression
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of CYLD significantly decreased in association with the
upregulation of miR-182 in human GISTs.

Materials and methods

Human study subjects. The human GISTs and adjacent normal
tissues used in the present study were obtained from Shanghai
Renji Hospital after informed consent was obtained from the
patients. The samples were immediately snap-frozen in liquid
nitrogen. All samples were confirmed as GISTs by trained
pathologists. The study was approved by the Ethics Committee
of Renji Hospital, Shanghai Jiao Tong University (Shanghai,
China).

Cell culture and transfection. The human GIST-T1 cell line
was a gift from the Shanghai Cancer Institute. The GIST-T1
cell line is derived from a GIST from the stomach of a
Japanese woman, and has adherent cell culture properties. The
cells were cultured in Dulbecco's modified Eagle's medium
(DMEM) supplemented with 10% fetal bovine serum (FBS),
penicillin (100 U/ml) and streptomycin (100 pgg/ml) (all from
Gibco; Thermo Fisher scientific, Inc., Waltham, MA, USA).
Lipofectamine® RNAIMAX and 2000 transfection reagents
(Invitrogen; Thermo Fisher Scientific, Inc.) were used for
transfection, following the manufacturer's instructions. The
miR-182 mimic and inhibitor, plus the corresponding negative
controls (NCs) were purchased from GenePharma (Shanghai
GenePharma Co., Ltd., Shanghai, China). A total of 100 nM
NC mimic or miR-182 mimic and 200 nM NC inhibitor or
miR-182 inhibitor were transfected.

Cell proliferation assay (CCK-8 assay). A total of 1x10°
GIST-T1 cells were seeded in a 96-well plate and incubated
at 37°C until the cells reached 30-40% confluence. Then, the
cells were transfected with miR-182 mimic, inhibitor or the
corresponding NCs. Cell proliferation was assessed at 24, 48
and 72 h as follows: 10 ul CCK-8 solution (Dojindo Molecular
Technologies, Inc., Kumamoto, Japan) was added to each well
and after 2 h of incubation at 37°C, the optical density (OD)
at 450 nm was read by a microplate spectrophotometer. Four
independent experiments were conducted.

Apoptosis assay. Annexin V-staining was performed using
an Annexin V-FITC apoptosis detection kit (BD Biosciences,
Franklin Lakes, NJ, USA) according to the manufacturer's
instructions. Briefly, after incubation the cells were harvested,
washed with phosphate-buffered saline (PBS) and stained with
Annexin V-FITC and propidium iodide in a binding buffer for
15 min at 37°C in the dark. The samples were then analyzed by
flow cytometry using a FACScan flow cytometer.

Colony formation assay (CFA). After transfection with the
miR-182 mimic, inhibitor or corresponding NCs, a total of
500 cells were plated in a 6-well plate in complete culture
medium. After 10-14 days, when the colonies were visible
to the naked eye, the cell culture was terminated by removal
of the medium and the cells were washed with PBS. The
colonies were fixed with methanol for 15 min, and then dried
and stained with Giemsa solution for 10 min. Images of the
stained plates were captured using a Nikon camera and the
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numbers of colonies containing >50 cells were counted using
densitometric software (Clono-Counter). Each treatment was
performed in triplicate.

Cell migration assay. The ability of cells to migrate was deter-
mined using a modified 24-well Boyden chamber (8-ym pore
size; Corning Costar, Cambridge, MA, USA). GIST-T1 cells
were seeded in the upper chamber of a Transwell at a density
of 1x105 cells in 100 1 DMEM without FBS, while DMEM
with 10% FBS was added into the lower chamber. After incu-
bation for 24 h at 37°C, the cells that had migrated to the lower
surface of the filter were fixed with methanol for 10 min and
stained with crystal violet for 15 min. The membrane was then
washed with distilled water for 4 times. Five random micro-
scopic fields of each well were selected and migrated cells
were counted using a Leica DMIL LED inverted microscope
(magnification, x100). The mean number of cells per field was
recorded.

Reverse transcription-quantitative polymerase chain reaction
(RT-qPCR). Total RNA was extracted using TRIzol reagent
(Invitrogen; Thermo Fisher Scientific, Inc.). The expression
of miR-182 was quantified using a TagMan miRNA assay kit
(Thermo Fisher Scientific, Inc.). U6, a small nuclear RNA, was
used as the internal control. To determine the gene expression
levels, RNA was converted to cDNA using the PrimeScript
RT Reagent kit (Takara Bio, Inc., Otsu, Japan). RT-qPCR was
then performed using a SYBR Premix Ex Taq RT-PCR kit
(Takara Bio, Inc.). GAPDH was used as the internal control.
The sequences of the PCR primers used were as follows:
GAPDH forward, 5'-GTCTCCTCTGACTTCAACAGCG-3'
and reverse, 5-ACCACCCTGTTGCTGTAGCCAA-3'"; human
Ki-67 forward, 5“GAAAGAGTGGCAACCTGCCTTC-3' and
reverse, 5-GCA CCAAGTTTTACTACATCTGCC-3'"; human
p65 forward, 5"TGAACCGAAACTCTGGCAGCTG-3' and
reverse, 5S'-TGAACCGAAACTCTGGCAGCTG-3"; human
CYLD forward, 5-GGTAATCCGTTGGATCGGTCAG-3'
and reverse 5'-AGTGCCTCTGAAGGTTCCATCC-3' The
thermocycling conditions were as follows: Denatured at 95°C
for 15 sec, followed by 40 cycles with denaturation at 95°C for
5 sec and annealing at 60°C for 30 sec.

Western blotting. GIST-T1 cells were lysed by a radio
immunoprecipitation buffer containing proteinase and pan-
phosphatase inhibitors (Thermo Fisher Scientific, Inc.). The
protein concentration was determined by BCA quantification.
A total of 30 ug of proteins were loaded and separated by
10% SDS-PAGE gel. The gel was then transferred to polyvi-
nylidene difluoride (PVDF) membranes at 180 mA for 2 h.
The membranes were incubated with blocking buffer (TBS
containing 5% BSA and 0.1% Tween-20) at room temperature
for 1 h. Primary antibodies of phosphorylated (Ser) p65 (dilu-
tion 1:1,000; cat. no. 3033; Cell Signaling Technology, Inc.,
Danvers, MA, USA), p65 (dilution 1:1,000; cat. no. 8242; Cell
Signaling Technology, Inc.), f-tubulin (dilution 1:1,000; cat.
no. 5666; Cell Signaling Technology, Inc.) and CYLD (dilution
1:1,000; cat. no. 8462; Cell Signaling Technology, Inc.) were
incubated at 4°C overnight. The membranes were detected
by Pierce ECL Western Blotting Substrate (Thermo Fisher
Scientific, Inc.). Tanon 4100 Gel Imaging Analysis System
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Table I. Clinicopathological information of human GIST patients.

Patient ID Sex Age (yrs.) Size (cm®) Location Mitotic index Risk*
Patient 1 Male 57 269.5 Stomach <5/50 HPF® Medium
Patient 2 Female 59 1050.0 Retroperitoneum <5/50 HPF High
Patient 3 Male 80 1190.0 Stomach >10/50 HPF High
Patient 4 Male 66 18.0 Stomach >10/50 HPF High
Patient 5 Female 62 1000.0 Stomach >10/50 HPF High
Patient 6 Female 74 11520 Stomach >10/50 HPF High
Patient 7 Female 52 270.0 Stomach <5/50 HPF Medium
Patient 8 Male 52 283.5 Stomach 5-10/50 HPF Medium
Patient 9 Male 72 45.0 Stomach 5-10/50 HP Medium
Patient 10 Female 75 90.0 Stomach 5-10/50 HPF Medium
Patient 11 Female 62 384.0 Stomach 5-10/50 HPF High
Patient 12 Male 48 82.5 Duodenum <5/50 HPF Medium
Patient 13 Female 53 1680.0 Stomach >10/50 HPF High
Patient 14 Male 69 60.0 Stomach >5/50 HPF Medium
Patient 15 Female 56 150 Stomach <5/50 HPF Low
Patient 16 Female 62 130.0 Small intestine <5/50 HPF Medium
Patient 17 Male 86 1584.0 Stomach >10/50 HPF High
Patient 18 Male 39 1072.5 Stomach <5/50 HPF High
Patient 19 Male 65 25 Stomach <5/50 HPF Low
Patient 20 Female 53 2.0 Small intestine <2/50 HPF Low

*The GIST risk was classified according to the modified NIH 2008 version. The related variables included tumor size, mitotic index, location,
presence of intraoperative tumor rupture and metastasis; "HPF, high power field. GIST, gastrointestinal stromal tumor.

(Tanon Science & Technology Co., Ltd., Shanghai, China) was
used for densitometry. All results were normalized against
[-tubulin.

Luciferase reporter assay. The 3'-untranslated region
(UTR) of CYLD that contains a predicted binding site of
miR-182 validated by the web tool TargetScanHuman 7.2
was cloned into the psiCHECK-2 vector (Promega Corp.,
Madison, WI, USA). The primers used were as follows:
forward, 5'-CCGCTCGAGATGTCATGTTCCTCACCTCC-3'
and reverse, 5'-ATAAGAATGCGGCCGCCTGAT
ACAATCCTAGGCACCT-3". The GIST-T1 cells were
cultured in a 96-well plate to 80% confluence. They were then
transfected with 20 ng 3'-UTR luciferase reporter vector or
the empty vector with miR-182 mimic, inhibitor or the corre-
sponding NCs using Lipofectamine 2000, according to the
manufacturer's instructions. After 24 h the cells were lysed
and subjected to a luciferase reporter activity assay. The ratio
of Renilla luciferase activity to firefly luciferase activity was
calculated.

Statistical analysis. Three independent experiments were
performed to confirm the reproducibility of each experiment
in vitro. The data was presented as the mean + standard error
of the mean. Differences between groups were analyzed for
statistical significance using the Student's t-test and two-way
analysis of variance followed by the Bonferroni post hoc test.
The correlation between miR-182 and CYLD was investi-
gated using Spearman correlation and linear regression. A

P-value <0.05 was deemed to indicate a statistically signifi-
cant difference.

Results

miR-182 is ectopically expressed in human GISTs. To study
the role of miR-182 in human GISTs, miR-182 expression was
quantified using a TagMan microRNA assay in a cohort of
GIST patient samples. A total of 20 human GIST specimens
and their corresponding adjacent normal tissues were analyzed
(Table I). The results revealed that miR-182 was significantly
upregulated in human GISTs compared with the adjacent
normal tissues (Fig. 1A). In addition, the expression levels of
miR-182 were strongly associated with the clinicopathological
characteristics, including risk category, mitotic index and
tumor size (Fig. 1B-D). It was also noted that the expression
levels of Ki-67, which is an indicator of abnormal cell prolif-
eration, were significantly elevated in GISTs compared with
the adjacent normal tissues (Fig. 1E).

miR-182 enhances GIST cell proliferation. To further investi-
gate the role of miR-182 in GISTs, the effect of miR-182 on cell
proliferation was evaluated by manipulating miR-182 expres-
sion in the GIST-T1 cell line. Overexpressing or silencing of
miR-182 was performed by transfection of the synthesized
miR-182 mimic or inhibitor, respectively. The corresponding
non-specific oligonucleotides were used as NCs. As shown by
g-PCR, the expression levels of miR-182 were significantly
increased in the miR-182 mimic-transfected group compared
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Figure 1. miR-182 is ectopically expressed in human GISTs. (A) miR-182 expression in GIST and tumor-adjacent normal tissue. (B-D) The association of
miR-182 expression with the clinicopathological characteristics, including risk category, mitotic index and tumor size. (E) Ki-67 expression in GIST and
normal tissues. Bars represent the means = SEM. “P<0.01. GISTs, gastrointestinal stromal tumors.
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Figure 2. miR-182 enhances GIST-T1 cell proliferation. (A) The expression levels of miR-182 in GIST-T1 cells with miR-182 mimic or inhibitor transfection.
(B) The proliferation ability of GIST-T1 cells transfected with miR-182 mimics or inhibitors was analyzed by a CCK-8 assay. (C) mRNA levels of Ki-67 in
GIST-T1 cells transfected with miR-182 mimics or inhibitors. Bars represent the means + SEM. “P<0.01, ““P<0.001. The data are representative of 3 indepen-
dent experiments. GIST, gastrointestinal stromal tumor.

with the NC mimic group. In the miR-182 inhibitor group, inhibitor NC group (Fig. 2A). It was found that miR-182 over-
miR-182 expression was 5-fold lower compared with the  expression significantly upregulated Ki-67 expression. The
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Figure 3. miR-182 inhibits TNFa-induced GIST-T1 cell apoptosis. (A) After transfection with miR-182 mimics, inhibitors or corresponding NCs, GIST-T1
cells were incubated with 20 ng/ml TNFa for 24 h and subsequently stained with Annexin V-FITC and propidium iodide, followed by analysis using a flow
cytometer. Early apoptotic cells (Annexin V* and PI') were displayed in the lower right quadrant and late apoptotic cells (Annexin V* and PI*) are shown in the

upper right quadrant. (B) The number of apoptotic cells was quantified. Bars represent the means + SD. "P<0.05,

3 independent experiments. GIST, gastrointestinal stromal tumor.

pro-proliferative function of the miR-182 mimic was further
verified by a CCK-8 assay. Transfection with the miR-182
inhibitor suppressed cell growth and decreased Ki-67 expres-
sion (Fig. 2B and C).

miR-182 inhibits GIST cell apoptosis. It was then investigated
whether miR-182 influenced GIST cell apoptosis. Flow cyto-
metric analysis was performed to analyze PI and Annexin V
staining of GIST-T1 cells treated with TNFa for 24 h. It was
determined that overexpression of miR-182 did not affect
early apoptosis, as revealed by Annexin V*PI', however it did
significantly suppress late apoptosis (Annexin V*PI*) (Fig. 3A).
Conversely, inhibition of miR-182 promoted both early and
late apoptosis (Fig. 3B).

miR-182 stimulates colony formation and migration of
GIST cells. The role of miR-182 in GIST-T1 cell growth and
migration was evaluated by performing a CFA and Transwell
migration assay, respectively. The results of the CFA revealed
that GIST-T1 cells transfected with miR-182 mimic exhibited
a higher colony formation rate compared with the mimic NC
group (Fig. 4A). Conversely, the miR-182 inhibitor suppressed
colony formation (Fig. 4B). In the Transwell migration assay,
overexpression of miR-182 enhanced GIST-T1 cell migration
and silencing of miR-182 blocked cell migration (Fig. 4C
and D), which indicated that miR-182 could promote tumor
cell migration.

ok

P<0.0001. The data are representative of

CYLD is a direct target of miR-182. CYLD is recognized as a
tumor suppressor, which is involved in various types of carci-
noma, including breast and lung cancer (31-34). It was observed
that the expression of CYLD was downregulated in association
with the upregulation of miR-182 in human GISTs compared
with adjacent normal tissues (Fig. SA and B). Sequence align-
ment revealed that the 3'-UTR of CYLD mRNA contains a
binding site for the miR-182 seed region (Fig. 5C). It is known
that miRNA regulates gene expression by base-pairing its
target mRNAs with the seeding region, which leads to mRNA
degradation or translation repression (35). To further explore
whether CYLD is a target of miR-182, a luciferase reporter
assay was performed. The reporter plasmid psiCHECK?2
contained the 3'UTR of CYLD and was co-transfected with
the miR-182 mimic, inhibitor or corresponding NC into
GIST-T1 cells. The luciferase assay revealed that miR-182
regulated luciferase activity in a CYLD 3'-UTR dependent
manner (Fig. 5D). Collectively, these results demonstrated that
CYLD is a direct target of miR-182.

miR-182 enhances NF-xB signaling by negatively regulating
CYLD. A number of previous studies have revealed that
CYLD promotes cell survival and oncogenesis by negatively
regulating NF-«xB signaling (32,36). Steady state NF-xB is
sequestered by I-xB in the cytoplasm. However, upon activa-
tion I-kB is phosphorylated and undergoes degradation. The
released NF-kB dimer (p50-p65) is then phosphorylated
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Figure 4. miR-182 promotes GIST-T1 cell colony formation and migra-
tion. (A and B) Representative images and quantification of NC mimic or
miR-182 mimic, NC inhibitor or miR-182 inhibitor-transfected GIST-T1 cells
as analyzed by a colony formation assay. (C and D) Representative images
and quantification of migrated cells analyzed using a Transwell assay. Bars
represent the means + SEM. "P<0.05, *"P<0.01, *"P<0.001. The data are
representative of 3 independent experiments. GIST, gastrointestinal stromal
tumor.

and translocates into the nucleus where it binds with the
cognate response elements, inducing gene transcription (37).
Therefore, the phosphorylation of p65 is recognized as an
activation indicator of the NF-xB signaling pathway. It was
revealed that the expression levels of p65 were significantly
increased in human GISTs compared with the adjacent normal
tissues (Fig. 6A). Overexpression of miR-182 in GIST-T1 cells
significantly upregulated p65 expression, while inhibition of
miR-182 downregulated its expression (Fig. 6B). To further
investigate the role of miR-182 in the regulation of NF-xB
signaling, TNFa-induced NF-kB activation was investigated
in GIST-T1 cells with miR-182 intervention. GIST-T1 cells
transfected with miR-182 mimics exhibited reduced protein
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expression of CYLD and enhanced NF-«xB activation, as
determined by p65 phosphorylation, compared with the mimic
NC group. Conversely, silencing miR-182 reduced p65 phos-
phorylation and increased CYLD expression (Fig. 6C). These
results demonstrated that miR-182 promoted NF-«B signaling
by negatively regulating CYLD expression.

Discussion

Recently, a number of studies have demonstrated that
miRNAs are involved in human malignancies by regulating
multiple genes associated with various aspects of cancer
biology (38,39). Characterization of cancer-specific miRNAs
as well as their functional targets and target-mediated
signaling pathways, would improve understanding of miRNAs
in tumorigenesis, which may be important for the identifica-
tion of novel therapeutic targets (40,41). In the present study,
it was determined that miR-182 was ectopically expressed
in human GISTs compared with the adjacent normal tissues.
miR-182 was originally thought to be specifically expressed
in sensory organs (42). However, recent studies have revealed
the oncogenic role of miR-182 in various types of human
cancer (43-51). Aberrant expression of miR-182 enhanced
melanoma metastasis by negatively regulating FOXO3 and
microphthalmia-associated transcription factor expres-
sion (26). In the present study, it was observed that silencing
miR-182 significantly inhibited GIST-T1 cell growth and
invasion, which indicated that miR-182 may be developed into
a therapeutic treatment option for human GISTs. However,
further in vivo animal experiments are required to ascertain
this.

CYLD is a deubiquitinase, which can cleave lysine
63-linked ubiquitin chains from the target protein (31). It
was originally identified as a gene which was mutated in
familial cylindromatosis, which predisposes patients to skin
cylindroma (52,53). Recent studies have revealed that CYLD
has a significant suppressive role in cell survival and prolif-
eration. The loss of CYLD expression has been observed in
various types of human cancer (54,55). In the present study,
it was revealed that the expression of CYLD was significantly
decreased in human GISTs, and was associated with the
upregulation of miR-182. A luciferase reporter assay revealed
that CYLD is a direct target of miR-182. Inhibition of miR-182
enhanced CYLD expression in GIST-T1 cells, which resulted
in reduced cell proliferation and increased cell apoptosis.

NF-kB comprises a family of 5 transcription factors,
which can form distinct hetero- or homo-dimers and control
responsive gene expression (56). Rigid regulation of NF-kB
signaling is vital for various cellular bioprocesses (57).
Aberrant activation of NF-«kB is observed in multiple types
of human cancer where it promotes tumor cell survival
through stimulation of anti-apoptotic gene expression (58-61).
The results in the present study revealed that NF-xB was
upregulated in human GISTs compared with adjacent normal
tissues. CYLD is known to be a dominant negative regulator
of NF-«B signaling. GIST cells with increased CYLD protein
levels exhibited reduced p65 phosphorylation in response to
TNFa stimulation. Therefore, the present study uncovered a
regulatory axis of miR-182/CYLD/NF-«B which mediated
cell survival in GISTs.
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(B) After transfection with miR-182 mimic or inhibitor the GIST-T1 cells were incubated with 20 ng/ml TNFa for 24 h. Changes in the level of p65 mRNA
were analyzed by quantitative polymerase chain reaction. (C) GIST-T1 cells were transfected with NC, miR-182 mimic or inhibitor. After 24 h the cells were
stimulated with TNFa. p65, phosphorylated (Ser) p65 and CYLD were analyzed by western blotting. B-tubulin was used to confirm equal protein loading.
Bars represent the mean + SEM. "P<0.05, “P<0.01, ““P<0.001. The data are representative of 3 independent experiments. CYLD, cylindromatosis; GIST,
gastrointestinal stromal tumor.
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Reduction of apoptosis is a typical hallmark of tumor
progression, and one mechanism by which miRNAs influ-
ence cancer development is through the mediation of the
apoptotic signaling pathway (62-65). In the present study, it
was revealed that miR-182 was involved in regulating GIST
cell apoptosis. Overexpression of miR-182 reduced TNFa-
induced late apoptosis, as determined by Annexin V and PI
double-positive staining. However, it had little effect on early
apoptosis (Annexin V*PI') in the miR-182 mimic-treated
cells. This is not the first time that miRNA has selectively
affected the late-stage apoptosis of cancer cells. A previous
study by Wang et al demonstrated that miRNA-196b promoted
pancreatic cancer cell growth by inhibiting late apoptosis
via negative regulation of CADMI expression (66). Further
studies are required to investigate the molecular mechanism
of how miR-182 mediates late apoptosis in GIST cells.

In conclusion, the results of the present study demon-
strated that miR-182 was aberrantly expressed in human
GISTs. It was also revealed that miR-182 promoted GIST cell
growth and invasion. In addition, tumor suppressor CYLD
was identified as a direct target of miR-182. These findings
indicated that miR-182 functions as an oncomiR in GIST and
may represent a promising therapeutic target for human GIST
treatment.
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