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Abstract To detect the expressions of microRNA-218

(miR-218) in an imatinib mesylate-sensitive human gas-

trointestinal stromal tumor (GIST) cells (GIST882) and an

imatinib mesylate-resistant cell line (GIST430) and explore

the roles of miR-218 and GIST cells in the sensitivity of

gastrointestinal stromal tumor to imatinib mesylate and its

potential signaling pathways, with an attempt to provide

new insights for the treatment of GIST. The GIST cell lines

(GIST882 and GIST430) were cultured in vitro. Quantita-

tive real-time PCR (qRT-PCR) was utilized to determine

the expression profiles of miR-218 in both GIST cell lines.

Forty-eight hours after the transfection of the miR-218

mimic or miR-218 inhibitor in the GIST cells, the changes

in the expression of miR-218 in the GIST cells were

detected with qRT-PCR. The effects of the ectopic

expression of miR-218 in GIST882 or GIST430 cells on

the imatinib mesylate-induced GIST cell viability were

determined by MTT. The effects of miR-218 ectopic

expression on the apoptosis of imatinib mesylate-induce

GIST cells were determined by Annexin V/PI double

staining method and flow cytometry. The effects of miR-

218 ectopic expression on the AKT and phospho-AKT (p-

AKT) expressions of imatinib mesylate-induce GIST cells

were determined by Western blot and flow cytometry with

the PI3K pathway inhibitor Wortmannin. As shown by

qRT-PCR, compared with that in the imatinib mesylate-

sensitive GIST882, the expression of miR-218 in imatinib

mesylate-resistant GIST430 was significantly decreased

(P\ 0.01). Compared with the control group, the expres-

sion of miR-218 significantly increased in the GIST882

48 h after the transfection of miR-218 mimic (P\ 0.01)

and significantly declined after the transfection of miR-218

inhibitor (P\ 0.01). As shown by MTT and flow cytom-

etry, after the expression of miR-218 was inhibited in

GIST882 under the effect of imatinib mesylate, the cell

viability significantly increased (P\ 0.01) and the number

of apoptotic cells significantly decreased (P\ 0.05); on the

contrary, the over-expression of miR-218 in GIST430

under the effect of imatinib mesylate resulted in the sig-

nificantly decreased cell viability (P\ 0.01) and the sig-

nificantly increased number of apoptotic cells (P\ 0.05).

Western blot and flow cytometry showed that, in compar-

ison to the control group, Wortmannin could significantly

inhibit the expression of p-AKT in GIST430 cells

(P\ 0.01) and stimulated apoptosis (P\ 0.01). The

expression of miR-218 is down-regulated in an imatinib

mesylate-resistant GIST cell line (GIST430), whereas miR-

218 over-expression can improve the sensitivity of GIST

cells to imatinib mesylate, with PI3K/AKT signaling

pathway possibly involved in the mechanism.
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Introduction

Gastrointestinal stromal tumor (GIST) originates from the

intestinal cell of Cajal (ICC) and is the most common

mesenchymal tumors in human gastrointestinal tract [1–3].
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It is originally described as leiomyoma or leiomyosarcoma.

Recent studies suggest that GIST is an independent clinical

solid tumor, which is different from muscle-derived or of

neurogenic tumors in the gastrointestinal tract [4, 5]. GIST

accounts for about 2.2 % of gastrointestinal malignancies

[6]. Notably, 60–70 % of GIST occurs in the stomach,

20–30 % in small intestine,\5 % in the large intestine, and

only \5 % in the other parts of the gastrointestinal tract

(esophagus, omentum, and mesenterium) [7, 8]. The GIST

symptoms are related with the location, size, and growth

patterns of the tumors [9, 10].

The pathogenesis of GIST is related with the abnormal

activation of type III receptor tyrosine kinase (RTK) KIT/

PDGFRA [11, 12]. About 70 % of GIST patients had KIT

gene mutations, and over 90 % of GIST patients have KIT

gene amplification. The abnormal activation of KIT/

PDGFRA can cause the occurrence and development of

GIST by activating a series of downstream signaling

pathways [13, 14]. The main treatment for GIST remains

surgical resection. However, even after complete resection,

70–90 % still may experience recurrence and metastasis

[15, 16]. Since GIST is not sensitive to the conventional

radiotherapy and chemotherapy; before the availability of

molecular targeted drugs, the overall response rate of

radiotherapy and chemotherapy will not exceed 5 % [17,

18].

Imatinib is a small molecule tyrosine kinase inhibitor

(TKI). It is effective in the prevention and treatment of the

postoperative recurrence and metastasis of GIST, and

currently the drug of choice for GIST patients after their

surgical treatment, with a total clinical benefit rate of

approximately 84 % [19, 20]. However, some GIST

patients who are initially sensitive to imatinib may suffer

from recurrence and disease progression during the

extended treatment, which is known as drug resistance. It is

believed that secondary resistance occurs about 2 years

after imatinib treatment [21, 22]. Clinical observations

have shown that about 40–50 % of GIST patients experi-

enced the secondary resistance after 2 years of imatinib

treatment, which severely affected the therapeutic effec-

tiveness for GIST [23]. Thus, how to deal with the sec-

ondary resistance of imatinib has become a hot topic in

GIST treatment.

The microRNAs (miRNAs) are a class of endogenous

small non-coding single-stranded molecule RNA, with a

length of about 22 nucleotides (nt). By complementary

pairing with the 30 untranslated region (30 UTR) of the

target gene mRNA, it can regulate mRNA expression at the

post-transcriptional level, and thus further be involved in

the physiological processes including the cell proliferation,

apoptosis, differentiation, metabolism, and growth and

pathological processes including cardiovascular diseases,

neurological diseases, and tumors [24–26]. It has been

predicted that more than one-third of the human genes are

conserved miRNA targets. The roles of miRNA in human

disease, especially tumors, have been attracting increasing

attention [27, 28].

By using miRNA microarray analysis, Shi et al.

screened the differentially expressed miRNA in borderline

tumors and malignant tumors in GIST samples. The most

significantly expressed miRNAs were then chosen for

further validation by real-time PCR, among which miRNA-

218 was identified [29]. In their study on glioma, Tu et al.

[30] found that miR-218 could inhibit the proliferation and

migration of glioma cells by regulating the target gene

Bmi1. In a study on osteosarcoma, miR-218 was found to

be able to inhibit the invasion and migration of osteosar-

coma cells by regulating the target genes TIAM1, MMP2,

and MMP9 [31]. In our previous studies, down-regulation

of miR-218 expression was observed in human gastric

cancer cell lines; miR-218 can negatively regulate survivin

protein expression and inhibit GIST cell proliferation and

invasion. A recent study has shown that miR-218 could

inhibit the growth of cervical cancer and promote its sen-

sitivity to cisplatin-based chemotherapy [32]. However, the

relationship between miR-218 and the sensitivity of GIST

to chemotherapies has not been established. In order to

provide new methods and strategies for the treatment of

GIST, we investigated the relationship between miR-218

and the sensitivity of GIST cells to imatinib-based therapy

as well as the signaling pathways.

Materials and methods

Major reagents

Fetal bovine serum, DMEM medium, L-glutamine, HEPES,

and Lipofectamine 2000 were purchased from Invitrogen

(Carlsbad, CA, USA). GIST882, as previously described,

was established from an untreated human GIST with a

homozygous missense mutation in KIT exon 13, encoding

a K642E mutant KIT oncoprotein [33]. GIST430 were

established from GISTs that had progressed, after initial

clinical response, during imatinib therapy.

TaqMan miRNA isolation Kit, TaqMan microRNA

assay kit, and TaqMan microRNA Assay and TaqMan

Universal PCR Master Mix were purchased from Applied

Biosystems (CA, USA). The miR-218 mimic, inhibitor,

and non-specific control (NC) were synthesized by Gene-

pharma (Shanghai, China).

The KIT inhibitor (imatinib mesylate) was purchased

from Novartis Pharma (Basel, Switzerland). Cell culture

plates and dishes were purchased from Corning, USA.

MTT (3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di-phenyte-

trazoliumromide), trypsin, and phosphate buffer solution
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(PBS) were purchased from Sigma-Aldrich, USA. PI3K

pathway inhibitors Wortmannin was purchased from

Axxora (San Diego, CA, USA). Annexin V and propidium

iodide (PI) were purchased from Roche. Mouse anti-human

b-actin monoclonal antibody was purchased from Abcam

(Cambridge, UK). AKT and phospho-AKT (p-AKT,

Ser473) primary antibody were purchased from Cell Sig-

naling Technology (Beverly, MA, USA). The secondary

antibodies including IRDye 800 conjugated affinity puri-

fied goat anti-mouse IgG and IRDye 800 conjugated

affinity purified goat anti-rabbit IgG were purchased from

Odyssey. Protein extraction, and quantification kits were

purchased from Bio-Rad (Hercules, CA, USA).

Culture and treatment of human GAST cell lines

The human GIST cell line GIST882 and imatinib mesylate-

resistant cell line GIST430 were cultured at 37 �C in

DMEM (GIBCO, California, USA) supplemented with

10 % fetal bovine serum (FBS) and 2 % penicillin/strep-

tomycin. Cell growth was observed under an inverted

microscope. When cell growth reached 70–80 % conflu-

ence, the cells were digested with 0.25 % trypsin and

passaged. The culture medium was changed every other

day, and the cells were passaged every 2–3 days. Cells in

the logarithmic growth phase were collected for

experiments.

GIST882 or GIST430 cells that were cultured under

normal conditions were inoculated uniformly into 6- or

96-well culture plates at a concentration of 3 9 105 cells/

ml. After adherent cell culture, transfections were con-

ducted for miR-218 mimic, non-specific control (NC), and

miR-218 inhibitor according to the Lipofectamine 2000

transfection manual. The normal control group was also

established. The miR-218 mimic, inhibitor, and non-spe-

cific control (NC) were diluted by MEM medium free of

serum components, and the liposomes Lipofectamine 2000

was added to the MEM medium. After being mixed mildly

and incubation under ambient temperature for 5 min, the

diluted Lipofectamine 2000 was mixed with diluted miR-

218 mimic, inhibitor, and non-specific control (NC),

respectively. The mixture was added to the culture plate

with GIST882 or GIST430 cells. The obtained mixture was

incubated in 5 % CO2 atmosphere at 37 �C. The culture

medium was exchanged to DMEM medium containing

10 % fetal bovine serum after 5 h, and the mixture was

incubated for another 48 h.

Detection of expression of miR-218 in GIST882

and GIST430 cell lines

The expressions of miR-218 in GIST cell lines GIST882

and GIST430 were detected using quantitative real-time

PCR (qRT-PCR). The two GIST cell lines were cultured

in vitro and then collected. The total RNA was extracted

using the TaqMan miRNA isolation kit. The expression of

mature miR-218 was detected using the TaqMan microR-

NA assay and the TaqMan Universal PCR Master Mix with

U6 as an internal control gene. All reactions were per-

formed in triplicate wells. The cycle threshold (CT) value

of the samples in each reaction well was recorded. The

experimental results were analyzed using the relative

quantification method of qRT-PCR.

Detection of the effects of miR-218 ectopic expression

on the viability of imatinib mesylate-induced GIST

cells with MTT

GIST882 cells cultured under normal conditions were

inoculated uniformly into 6-well culture plates at a con-

centration of 3 9 105 cells/ml. After adherent cell culture,

transfections were conducted for miR-218 mimic, non-

specific control (NC), or miR-218 inhibitor according to

the Lipofectamine 2000 transfection manual. The normal

control group was also established. The RNA of cells in

each group was extracted using the TaqMan miRNA Iso-

lation kit, and qRT-PCR was used to determine the changes

in expression in GIST882 cells.

GIST882 or GIST430 cells cultured under normal con-

ditions were inoculated uniformly into 96-well culture

plates at a concentration of 3 9 105 cells/ml. The trans-

fection procedure was described above. The miR-218

inhibitor and non-specific control (NC) were transfected

into GIST882 cells, while miR-228 mimic and non-specific

control (NC) were transfected to GIST430 cells. After the

transfection, the GIST882 or GIST430 cells were added

with imatinib mesylate, yielding a final concentration of

1.0 lM. Forty-eight hours after transfection, 100 ll of

MTT (0.5 mg/ml) solution was added to each well, and the

plates were placed in a 37 �C/5 % CO2 incubator for 4 h.

A total of 100 ll of 20 % sodium dodecyl sulfate (SDS)

(cosolvent 50 % dimethyl formamide) was added to each

well, and the plates were incubated at 37 �C for 24 h. A

microplate reader (Bio-Tek, USA) was used to measure the

OD values at 570 nm. Each experimental group contained

ten replicate wells, and the experiment was repeated three

times.

Detection of the effects of miR-218 ectopic expression

on the apoptosis of imatinib mesylate-induced GIST

cells using flow cytometry

GIST882 or GIST430 cells cultured under normal condi-

tions were inoculated uniformly into 6-well culture plates

at a concentration of 3 9 105 cells/ml. The miR-218

inhibitor and non-specific control (NC) were transfected
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into GIST882 cells, while miR-228 mimic and non-specific

control (NC) were transfected to GIST430 cells. After the

transfection, the GIST882 or GIST430 cells were added

with imatinib mesylate, yielding a final concentration of

1.0 lM. After the transfection for 48 h, the cells were

washed with PBS for 1–2 times. After having been added

with Annexin V-FITC and PI dye, the solution was labeled

at room temperature in the dark for 1 min. After being

filtrated with screen cloth, the cells were analyzed using

flow cytometry (BD, USA). FCM CellQuest software was

used to count the cells, and Macquit software was used to

analyze the data.

Effects of miR-218 ectopic expression on the signaling

pathways involved in the apoptosis of imatinib

mesylate-induced GIST cells

GIST430 cells cultured under normal conditions were

inoculated uniformly into 6-well culture plates at a con-

centration of 3 9 105 cells/ml. The GIST430 cells were

transfected with miR-218 mimic or non-specific control.

After the transfection, the GIST430 cells were added with

imatinib mesylate, yielding a final concentration of

1.0 lM. Finally the transfected GIST 430 cells were

added with the PI3K pathway inhibitor Wortmannin,

yielding a final concentration of 5 lM. The normal con-

trol group was also established. Forty-eight hours after the

transfection, the cells were washed with PBS for 1–2

times. Then, 1 ml RIPA lysis buffer was added. The

supernatants were collected, and the protein concentration

was determined using the bicinchoninic acid method. The

proteins were separated by electrophoresis and wet

transferred to a polyvinylidene difluoride membrane (Bio-

Rad, USA). After blocking in TBST solution containing

5 % nonfat dry milk at room temperature for 1 h, AKT,

phospho-AKT (p-AKT, Ser473) primary antibody (1:500

dilution), and mouse anti-human b-actin monoclonal

antibody (1:1,000 dilution) and incubated overnight at

4 �C. After washing with TBST, the Odyssey infrared

imaging system was used to scan the membranes. The

relative content of survivin was represented as the gray

scale ratio of survivin/b-actin, and the grayscale was

analyzed using the QuantityOne software.

The effect of PI3K pathway inhibitor Wortmannin on

the apoptosis of cisplatin-induce gastric cancer cells with

miR-imatinib mesylate ectopic expression was determined

by flow cytometry.

Statistical Analysis

Data were analyzed using SPSS 17.0 software (SPSS, Inc.,

Chicago, IL, USA). Comparisons between two groups are

performed using the t test, whereas comparisons among

three or more groups using analysis of variance. P\ 0.05

was considered statistically significant.

Results

Expression of miR-218 in GIST882 and GIST430 cell

lines

Using qRT-PCR, we determined that the miR-218

expression level in the imatinib-resistant GIST cell line

(GIST430) was significantly lower than that in GIST882

(P\ 0.01) (Fig. 1).

Effects of miR-218 ectopic expression on the viability

of imatinib mesylate-induced GIST cell lines

The miR-218 was over-expressed in GIST882 cells by the

transfection of miR-218 mimic and its expression was

inhibited by the transfection of miR-218 inhibitor. As

shown by qRT-PCR, the expression level of miR-218 was

Fig. 1 The expressions of miR-218 in GIST cell lines GIST882 and

GIST430 (by quantitative real-time PCR). **P\ 0.01

Fig. 2 Effect of the transfected miR-218 mimic or miR-218 inhibitor

on miR-218 expression in GIST882 cells. **P\ 0.01 versus normal

group or NC group
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significantly higher in the miR-218 mimic transfected

group than in the normal control group (P\ 0.01) and

negative control (non-specific control) group (P\ 0.01). In

the miR-218 inhibitor transfected group, miR-218 expres-

sion was significantly lower than those of normal control

group (P\ 0.01) and negative control group (NC)

(P\ 0.01) (Fig. 2).

Effects of miR-218 ectopic expression on the viability

of imatinib mesylate-induced GIST cell lines

As shown by MTT assays, the viability of GIST882 cells

transfected with miR-218 inhibitor and incubated with

1.0 lg/ml imatinib mesylate (IM) for 48 h was signifi-

cantly higher than that of negative control cells (P\ 0.01).

The viability of GIST430 cells transfected with miR-218

mimic and incubated with 1.0 lM IM for 48 h was sig-

nificantly lower than that of negative control (NC) cells

(P\ 0.01) (Fig. 3). These results showed miR-218 over-

expression could increase the sensitivity of GIST430 cells

to IM.

Effects of miR-218 ectopic expression on the apoptosis

of imatinib mesylate-induced GIST cells

As shown by flow cytometry, the number of apoptotic

GIST882 cells was significantly smaller in the GIST882

cells transfected with miR-218 inhibitor and incubated with

1.0 lg/ml IM for 48 h than that of negative control cells

(P\ 0.05). The number of apoptotic GIST430 cells

transfected with miR-218 mimic and incubated with

1.0 lM IM for 48 h was significantly higher than that of

negative control (NC) cells (P\ 0.05) (Fig. 4). These

results showed miR-218 over-expression could increase the

sensitivity of GIST430 cells to IM.
Effects of miR-218 ectopic expression on the signaling

pathways involved in the apoptosis of imatinib

mesylate-induced GIST cells

As shown by MTT and flow cytometry, the inhibition of

miR-218 expression contributed to the decreased sensitiv-

ity of GIST882 cells to IM, while the over-expression of

miR-218 resulted in increased sensitivity of GIST430 cells

to IM. Moreover, the pathway of miR-218-mediated

mechanism was investigated by using the PI3K pathway

inhibitor Wortmannin.

As shown by Western blot, the p-AKT/AKT ratio of

GIST430 cells transfected with miR-218 mimic and incu-

bated with 1.0 lM IM for 48 h was significantly lower than

that of normal control group (P\ 0.01) but was not sig-

nificantly different from that of Wortmannin treatment

group (Fig. 5).

Fig. 3 Effects of miR-218 ectopic expression on the viability of

imatinib mesylate-induced GIST cell lines. **P\ 0.01 versus non-

specific control group

Fig. 4 Effects of miR-218 ectopic expression on the apoptosis of

imatinib mesylate-induced GIST cells (by flow cytometry). *P\ 0.05

versus non-specific control group
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As shown by flow cytometry, the GIST430 cells were

transfected with miR-218 mimic and then inoculated at

1.0 lM IM and 5 lMWortmannin; then, the number of the

apoptotic GIST430 cells was significantly higher than that

in the normal control group (P\ 0.01) (Fig. 6). Thus,

miR-218 over-expression might improve the sensitivity of

GIST cells to imatinib mesylate, with PI3K/AKT signaling

pathway possibly involved in the mechanism.

Discussion

GIST originates from the intestinal cell of Cajal (ICC) and

is the most common mesenchymal tumors in human gas-

trointestinal tract, particularly in stomach and small intes-

tine [1–3]. GIST is mainly caused by the continuous non-

ligand-dependent receptor activation and continuous acti-

vation of downstream signaling pathways due to the KIT/

PDGFRA mutations. IM can be used to treat advanced

unresectable GIST, with a clinical response rate of about

75–90 %. However, even in patients who respond well to

IM, drug resistance will be inevitably during the treatment

[22, 34]. Thus, how to deal with the secondary resistance of

imatinib has became a hot topic in GIST treatment.

Research concerning the relationship between miRNAs

and tumor chemosensitivity has gradually gained attention

from researchers in this field, and this research has become

an important research topic in recent years. Previous

studies have confirmed that miR-218 is a tumor suppressor

microRNA. A recent study conducted by Li et al. [32] has

shown that miR-218 could inhibit the growth of cervical

cancer and promote its sensitivity to cisplatin-based che-

motherapy. In our previous studies, down-regulation of

miR-218 expression was observed in human GIST cell

lines; miR-218 can negatively regulate survivin protein

expression and inhibit GIST cell proliferation and invasion.

In this study, by using IM-resistant GIST cell line

(GIST430) and the normal GIST cell line (GIST882), we

explored the relationship between the miR-218 and the

GIST cells’ sensitivity to IM. Moreover, the effects of

miR-218 ectopic expression on the sensitivity of IM-

induced GIST cells were also investigated by transfecting

miR-218 inhibitor into GIST882 cells and transfecting

miR-218 mimic into GIST430 cells.

As shown by MTT and flow cytometry, the viability of

GIST882 cells transfected with miR-218 inhibitor and

incubated with 1.0 lM IM for 48 h was significantly

higher than that of negative control (NC) cells (P\ 0.01),

and the number of apoptotic GIST882 cells was signifi-

cantly lower than that of negative control (NC) group

(P\ 0.05). In contrast, the viability of GIST430 cells

transfected with miR-218 mimic and incubated with

1.0 lM IM for 48 h was significantly lower than that of

negative control (NC) cells (P\ 0.01), but the percentage

of apoptotic GIST430 cells was significantly higher than

that of NC group (P\ 0.05). As a result, the inhibition of

Fig. 5 Expression profiles of p-AKT, AKT, and b-actin in GIST430

cells of each group by Western blot analysis. *P\ 0.05 and

**P\ 0.01 versus normal control group

Fig. 6 Apoptosis of GIST cells per group by flow cytometry.

**P\ 0.01 versus normal group
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miR-218 expression contributed to the decreased sensitiv-

ity of GIST882 cells to IM, and the miR-218 over-

expression increased the sensitivity of GIST430 cells to

IM.

Phosphatidylinositol-3-kinases (PI3K) is an intracellular

phosphatidylinositol kinase, among which the class Ia

PI3Ks are heterodimers composed of regulatory subunits

(p85a, p55a, p50a, p85b, and p55c) and catalytic subunits

(p110a, p110b, and p110d) [35]. The class Ia PI3Ks are

closely related with the RTK signaling pathway, in which

the regulatory subunit p85 plays a key role. The activity of

PI3K was enhanced in all the RTK-linked tumors, and such

activation is strictly regulated by RTK. An effective RTK

inhibitor must be able to exert marked inhibitory effect on

the PI3K pathway [36]. In some tumors, multiple RTKs

may exist simultaneously, together with the activated PDK

pathway. These tumors can eventually become resistant to

single-target RTK inhibitors [37].

As the downstream of KIT, the PI3K/AKT pathway also

exerts its roles via the regulatory subunit p85. In their

in vivo and in vitro experiments, Blume-Jensen et al. [38,

39] confirmed that the phosphorylated KIT (Tyr719) can be

bound with the regulatory subunit p85 and then activate the

typical PI3K/AKT pathway. In GIST patients who are

sensitive to IM, this pathway is remarkably suppressed

during the IM treatment [4, 40]. When the GIST becomes

resistant to IM, the KIT gene experiences a second muta-

tion, causing the massive KIT amplification; as a result, the

PI3K/AKT pathway will be reactivated [41]. In this study,

miR-218 over-expression has been demonstrated to

improve the sensitivity of GIST430 cells to IM and this

effect was considered to be mediated via the PI3K/AKT/

survivin signaling pathway.

In summary, the expression of miR-218 is down-regu-

lated in IM-resistant GIST430 cells. Thus, miR-218 over-

expression may improve the sensitivity of GIST cells to

IM, with PI3K/AKT signaling pathway possibly involved

in the mechanism.
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