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Abstract
AIM: To investigate a therapeutic method for gastroin-
testinal stromal tumor (GIST) based on KIT RNA inter-
ference (RNAi) with AdMax adenovirus. 

METHODS: KIT short hairpin RNA (shRNA), whose 
lateral sides were decorated with restriction endonucle-
ase sequences, was designed. T4 DNA ligase catalyzed 
the joint of the KIT shRNA and the green fluorescent 
protein-containing PDC316-EGFP-U6 to form PDC316-
EGFP-U6-KIT. Homologous recombination of AdEGFP-
U6-KIT was performed with the AdMax system. Hetero-
topically transplanted GISTs were established in nude 
mice. AdEGFP-U6-KIT was intratumorally injected. The 
volume, inhibition ratio of tumor and CD117 expression 
of GIST graft tumor in nude mice were compared be-
tween test and control groups. 

RESULTS: The length of KIT shRNA was determined 
to be about 50bp by agarose electrophoresis. Gene se-

quencing detected the designed KIT RNAi sequence in 
PDC316-EGFP-U6-KIT. After transfection with AdEGFP-
U6-KIT, 293 cells displayed green fluorescence. The 
physical and infective titers of AdEGFP-U6-KIT were 5 
× 1011 viral particles/mL and 5.67 × 107 plaque forming 
units/mL, respectively. The mean volume of the grafted 
tumor was significantly smaller in test mice than in con-
trol mice (75.3 ± 22.9 mm3 vs  988.6 ± 30.5 mm3, t  = 
-18.132, P  < 0.05). The inhibition ratio of the tumors 
was 59.6% in the test group. CD117 positive expression 
was evident in two cases (20%) in the test group and 
10 cases (100%) in the control group (χ2 = 10.2083, P  
< 0.005). 

CONCLUSION: AdEGFP-U6-KIT is successfully con-
structed, and KIT RNAi mediated with Admax vector 
system can effectively inhibit the expression of the KIT 
gene and the growth of GIST in nude mice. 
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INTRODUCTION
Gastrointestinal stromal tumor (GIST) is a mesenchymal 
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neoplasm and is the most prevalent gastrointestinal mes-
enchymal tumor. Its annual incidence is about 10-20 per 
million people[1-3]. However, it is difficult to give an exact 
incidence, since both the definition and classification of  
GIST are contentious[1]. GIST occurs in the stomach 
(50%-60%), small intestine (30%-40%), colon and rectum 
(5%-10%), and esophagus (5%)[1,2]. The gold standard 
therapy for GIST is complete resection, depending on the 
lesion size and location. It is unnecessary to dissect the 
lymph node since lymph node metastasis is rare. During 
surgery, tumor rupture must be avoided as it is the main 
factor resulting in  post-operative recurrence. The 5-year 
survival rate for en bloc resection of  GIST is 48%-65%[3]. 
In some cases, because of  the anatomic site or the tumor 
size, only a partial resection can be performed. The two 
most important prognostic features of  primary GIST are 
tumor size and mitotic index. GIST is an easily recurrent 
disease, which is found in the liver (65%), peritoneal sur-
face (50%), or both (20%)[1,4]. Conventional chemotherapy 
is of  little benefit for GIST because it is a non-epithelial 
neoplasm[1]. The use of  Imatinib mesylate in advanced 
GIST produces a response in 50% of  treated patients, and 
stabilizes the disease in 75%-85% of  patients. The 2-year 
survival after Imatinib therapy is approximately 70%[5]. 
Imatinib therapy after 1 year is associated with a high risk 
of  relapse[6]. Primary resistance to Imatinib affects about 
15% of  patients and 50% of  patients become secondarily 
resistant by 2 years after Imatinib therapy[3,7]. Resistance to 
Imatinib is a major clinical problem, which has prompted 
the search for alternate drugs for Imatinib resistant cases. 

The KIT proto-oncogene on chromosome 4 (4q11-q12) 
encodes the KIT protein, and appears to play an im-
portant role in the early stages of  tumor formation as 
well as in late tumor progression. The sites of  mutation 
are exon 11 (65%-70%), 9 (10%-20%), 13 (1%-2%) and 
17 (< 1%)[8]. Inhibition of  the KIT gene may block the 
formation and development of  GIST. RNA interference 
(RNAi) is the most effective method to silence a target 
gene. RNAi can block KIT gene expression in GIST, 
while it is still uncertain if  KIT RNAi can become an 
effective therapeutic method for GIST[9,10]. It was also 
reported that an adenovirus vector can effectively intro-
duce RNAi to cancer gene therapy[11].

In this study, an adenovirus vector was successfully 
constructed to mediate KIT RNAi in GIST xenografts. 
The results demonstrated that the adenovirus system can 
silence efficiently KIT and inhibit the growth of  grafted 
GIST. This approach may have therapeutic potential in 
GIST.

MATERIALS AND METHODS
Plasmids, medium and reagents
Plasmids pDC316-EGFP-U6 and pBHGlox_E1,3Cre, 
DH5α strain and HEK293 cells were purchased from 
Vector Gene Technology. Plasmid DNA extraction kit, 
RPMI1640, agarose, fetal bovine serum, and DMEM were 
purchased from Shanghai Sangon Biological Engineering 

Technology & Services. CD117 (mouse monoclonal IgG), 
T4 DNA ligase, HindⅢ, BamHⅠ, and BgⅢ were purchased 
from New England Biolabs. 

Synthesis of KIT (B/H)
The sequence of  KIT RNAi was previously reported 
as 5'-GGCCGACAAAAGGAGATCTTTCGAGA-
TCTCCTTTTGTCGGCCTTTTT-3'[12]. These sense and 
antisense oligonucleotides were ligated to HindⅢ and 
BamHⅠ and annealed to form double strains of  DNA that 
designated KIT (B/H). Agarose gel electrophoresis was 
employed to identify the length of  KIT (B/H). 

HindⅢ and BamH1 digestion of PDC316-EGFP-U6 to 
form PDC316-EGFP-U6 (B/H)
Distilled deionized water (22 μL), 10 × K Buffer (5 μL), 
PDC316-EGFP-U6 (20 μL), BamHⅠ (1.5 μL), and HindⅢ  
(1.5 μL) were added into 0.2 mL Eppendorf  (EP) tube. 
The EP tube was incubated at 37℃ overnight. One hun-
dred microliters of  solution BD was added to the tube, and 
then the solution was transferred to a DNA purification pil-
lar. After 2 min, the pillar was centrifuged at 12 000 r/min  
at room temperature for 1 min. After removal of  the filter 
liquor and the addition of  500 μL of  solution PE, the pillar 
was centrifuged at 12 000 r/min at room temperature for  
1 min. The step was repeated and the pillar was centrifuged 
at 12 000 r/min for 1 min. The pillar was put into a 1.5 mL  
EP tube, and 30 μL of  60℃ sterile water was added into 
pillar. After centrifugation at 13 400 × g for 1 min, PDC316-
EGFP-U6 (B/H) solution was acquired and identified with 
agarose electrophoresis.

Insertion of KIT (B/H) to PDC316-EGFP-U6 (B/H) to form 
PDC316-EGFP-U6-KIT 
Distilled deionized water (2 μL), 10 × T4 DNA Ligation 
Buffer (1 μL), PDC316-EGFP-U6 (B/H) (3 μL), KIT (B/H) 
(3 μL), and T4 DNA Ligase (1 μL) were added to a 0.2 mL  
EP tube. The tube was incubated at 16℃ for 2 h. The 
product was named PDC316-EGFP-U6-KIT.

PDC316-EGFP-U6-KIT transformation
Six microliters of  PDC316-EGFP-U6-KIT was put into a 
30 μL suspension of  DH5α competent cells and rotated 
slightly for 30 min in an ice bath, prior to transfer to a 42℃ 
water bath for 90 s and then to an ice bath for 2 min. Two 
hundred microliters of  LB medium was added to the tube. 
The mixture was cultured with shaking (200 r/min) at 37℃ 
for 1 h. The bacterial liquid was spread on a LB agar plate 
containing ampicillin (100 μg/mL). After absorption of  
liquid at room temperature, the agar was incubated over-
night at 37℃.

PDC316-EGFP-U6-KIT identification 
Four colonies on the plate were collected and put sepa-
rately into a tube containing 3 mL of  LB, and cultivated in 
a rocking bed overnight at 37℃. The plasmid extraction 
kit was used to obtain plasmid DNA. Three microliters 
of  bacterial liquid was put into a 1.5 mL EP tube, and 
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centrifuged at 12 000 r/min for 1 min. After removal 
of  the supernatant, 250 μL of  solution Ⅰ/Rnase A was 
added to suspend the bacteria. Then, 250 μL of  solution 
Ⅱ was inverted gently six times and placed at room tem-
perature for 2 min. Two hundred and fifty microliters of  
solution Ⅲ was then added to the tube and the contents 
were mixed by gentle inversion six times. After centrifu-
gation at 12 000 r/min for 10 min, the supernatant was 
removed, added to a DNA purifying pillar, held for 2 min, 
centrifuged at 12 000 r/min for 1 min, and the filter liquor 
was removed. Five hundred microliters of  PB solution 
was added to the pillar, the suspension was centrifuged at 
12 000 r/min for 1 min, and the filter liquor was removed. 
Then, 500 μL of  solution W was put into the pillar, cen-
trifuged at 12 000 r/min for 1 min, and the filter liquor 
was removed. The step was repeated and the contents of  
the pillar were centrifuged at 12 000 r/min for 3 min. The 
pillar was put into a 1.5 mL EP tube and 50 μL of  60℃ 
sterile water was added. After 2 min, the contents were 
centrifuged at 13 400 × g for 1 min. The resulting solution 
contained PDC316-EGFP-U6-KIT. Distilled deionized 
water (4.6 μL), 10 × K Buffer (1 μL), PDC316-EGFP-
U6-KIT (4 μL), and SalI (0.4 μL) were added to a 0.2 mL 
EP tube and incubated at 37℃ for 2 h. Agarose gel elec-
trophoresis was used to identify the recombinant plasmid.

PDC316-EGFP-U6-KIT sequencing test
PDC316-EGFP-U6-KIT sequencing was done by Life 
Technologies Corporation using ABI377DNA.

Preparation of recombinant adenovirus AdEGFP-U6-KIT 
Transfection was performed according to the manufac-
turer’s instructions. Approximately 5 × 105 HEK293 cells 
were seeded in 60-cm plates 24 h before transfection, 
with a 80% confluency. Four micrograms of  shuttle plas-
mid PDC316-EGFP-U6-KIT and 6 μg rescue plasmid 
pBHGlox(delta) E1, 3Cre were mixed well, then DMEM 
was added to a total volume of  300 mL and left at room 
temperature for 5 min. Three hundred microliters of  
DMEM and 10 μL Lipofectamine 2000 was added slowly 
to the tube with constant mixing, and the mixture was 
left at room temperature for 5 min. The mixed plasmids 
and diluted Lipofectamine 2000 were blended and kept 
at room temperature for 30 min. Afterwards, the mixture 
was added to a plate containing cultured HEK293 cells. 
The second day after transfection, the HEK293 cells were 
transferred to 75 cm2 cell culture bottles and cultured in 
DMEM containing 10% fetal calf  serum. The bottles 
were monitored daily for the appearance of  cytopathic 
effect (CPE), which was evident by a rounded and refrac-
tile appearance of  the cells, and would begin to lift off  
the surface of  the bottle. The CPE cells were observed 
under fluorescence microscope for green fluorescence. 
When > 90% of  the cells showed CPE, the cells were 
harvested and subjected to three freeze (methanol/dry ice 
bath)/thaw(37℃ water bath) cycles. After the cell debris 
was sedimented, the supernatant containing the adenovi-
rus particles comprised the AdEGFP-U6-KIT stock. The 

stock was stored in small aliquots at -70℃ after 10% glyc-
erol was added.

Preparation of purified high-titer AdEGFP-U6-KIT stocks
When HEK293 cells had attained a 90% confluency in 
a 75 cm2 cell culture bottle, 2 mL of  the stock unfrozen 
AdEGFP-U6-KIT supernatant was added. About 44 h 
after infection, the HEK293 cells presented total CPE and 
were harvested for three freeze/thaw cycles as described 
above. Supernatant was collected and added to four 75 cm2  
cell culture bottles containing HEK293 cells and treated 
to recover supernatant as described above. Ten millili-
ters of  AdEGFP-U6-KIT supernatant was added to 10 
cell culture bottles, which were inoculated with 1.8 × 108 
HEK293 cells that has attained a 90% confluency. About 
70 h after infection, the cell suspension was centrifuged at 
3000 r/min for 10 min. The precipitate of  cells was sus-
pended in Tris buffer and treated with three freeze/thaw 
cycles as described previously. After centrifugation at  
6000 r/min for 10 min, the supernatant was collected, di-
gested with 20 units Dnase, filtered through a 0.45 μm filter 
membrane, and purified with ion exchange chromatography. 
Further purification was achieved using molecular sieving. 
The purified AdEGFP-U6-KIT was stored in virus preser-
vation fluid. After desalination and sterilization using a 0.22 
μm sterile filter, the purified and sterile virus fluid was stored 
in small aliquots at -70℃ after 10% glycerol was added.

Titer determination of recombinant adenovirus AdEGFP-
U6-KIT
According to the manufacturer’s instructions, 10 × viroly-
sis solution was used to purify virus samples. The physical 
titer was calculated based on the equation of  OD260 × 
1.1 × 1012 (vp/mL), and 50% tissue culture infective dose 
[TCID50, plaque forming units (PFU)/mL] was also de-
termined.

Influence of AdEGFP-U6-KIT on growth of GIST in nude 
mice
The study was approved by the Ethics Board of  the First 
Affiliated Hospital of  Sun Yat-sen University. Prior writ-
ten informed consent was obtained from patients with 
gastric stromal tumors for use of  samples. Balb/c-nu/nu 
mice were purchased from the Chinese Academy of  
Medical Sciences. All mice were maintained according to 
the ‘‘NIH Guide for the Care and Use of  Laboratory Ani-
mals’’. Patient-derived GIST xenografts were established 
in Balb/c-nu/nu mice as described[13]. Briefly, primary 
GISTs were obtained and immediately placed in chilled 
RPMI 1640. The tumors were kept in an ice bath and 
quickly transferred to the laboratory. Thin slices of  tumor 
were diced into 2-3 mm pieces and washed three times 
with RPMI 1640. These tumor pieces were minced into 
fine fragments that would pass through an 18-gauge nee-
dle and were then mixed 1:1 (v/v) with Matrigel to give 
a total volume of  0.1 mL/injection. The tissue mixture 
was subcutaneously injected into the flank of  9-10-wk-old 
Balb/c-nu/nu mice. In 6 primary gastric GISTs obtained 
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at operation, only 1 was successfully grafted. Its size and 
frequency of  mitosis was 20 cm × 12 cm × 14 cm and 
14/50HPF, respectively. The tumor tissue showed CD117 
positive staining. According to Miettinen et al’s report, it 
belonged to high risk GIST for recurrence and metastasis. 
For serial transplantation, tumor-bearing animals were 
anesthetized with diethyl ether and sacrificed by cervical 
dislocation. Tumors were minced under sterile conditions 
and injected into Balb/c-nu/nu mice as described above. 
Growth of  established tumor xenografts was monitored 
at least twice a week by vernier caliper measurement of  
the length (a) and width (b) of  tumor. Tumor volumes 
were calculated as (a × b2) /2[14]. Twenty-four days after 
graft, 20 mice harboring grafted tumors were randomly 
selected and divided into two groups. Fifty microliters of  
AdEGFP-U6-KIT (2.5 × 109 viral particles) was intra-
tumorally injected into the test group of  mice (n = 10), 
while blank AdEGFP-U6 was used in the control group 
of  mice (n = 10). Forty-five days after injection, tumors 
were harvested, frozen in liquid nitrogen, fixed in buffer 
containing 10% formalin, and embedded in paraffin for 
histological study. The tumor inhibition rate referred to re-
duced degree of  tumor [(tumor volume before injection -  
tumor volume at finish of  test)/tumor volume before 
injection]. Positive value presented contraction of  tumor, 
while a negative value indicated tumor growth. 

Immunohistochemistry of CD117 in grafted tumors
Immunohistochemistry was performed as described[15]. 
Briefly, each grafted tumor specimen was fixed in 10% 
formaldehyde and embedded in paraffin. Sections 4 μm 
thick were cut and mounted on glass slides. Immunohisto-
chemical staining was performed using a standard avidin-
biotin method. The formalin-fixed, paraffin-embedded  
4 μm thick tissue sections were deparaffinized with xy-
lene, dehydrated in ethanol, and incubated with 3% hy-
drogen peroxidase for 5 min. After being washed with 
phosphate buffered saline (PBS), tissue sections were 
incubated in 10% normal bovine serum for 20 min, fol-
lowed by an overnight incubation with a 1:100 dilution of  
CD117 antibody. Biotinylated goat antimouse immuno-
globulin was used as the secondary antibody. Peroxidase-
conjugated avidin was at a 1:500 dilution. Finally, 0.2 g/L 
DAB and 10 ml/l hydrogen peroxide in PBS were used 
as the substrate. Specimens positive for CD117 served as 
the positive control, and those with the first antibody sub-
stituted by PBS as negative control. Brown granules in the 
cytoplasm of  a tumor cell were considered indicative of  a 
positive cell, and brown staining of  more than 20% of  the 
tumor cells was regarded as positive.

Statistical analysis
The χ2 or Fisher exact test was used to compare categori-
cal variables, and Student’s t test was used to analyze 
continuous variables. Statistical analyses were performed 
using SPSS software version 11.5. Results were considered 
statistically significant at P < 0.05.

RESULTS
Synthesis of KIT (B/H) 
The length of  KIT (B/H) band shown in agarose gel 
electrophoresis was 50 bp or so, which gave evidence that 
KIT (B/H) was synthesized correctly (Figure 1A).

HindⅢ and BamH1 digestion of PDC316-EGFP-U6 to 
form PDC316-EGFP-U6 (B/H)
In agarose gel electrophoresis, PDC316-EGFP-U6 (B/H) 
was about 5300 bp, consistent with the vector length 
(Figure 1B).

PDC316-EGFP-U6-KIT identification
There was incision enzyme site SalⅠ between HindⅢ 
and BamHⅠ in blank PDC316-EGFP-U6 plasmid. Af-
ter recombination, restrictive endonuclease site SalI was 
eliminated. The blank plasmid could be linearized by SalⅠ 
digestion, while the recombinant one could not. Figure 2 
shows that the plasmids on lanes 3 and 4 were the recom-
binant PDC316-EGFP-U6-KIT.

PDC316-EGFP-U6-KIT sequencing test
The sequencing graph showed that the KIT RNAi se-
quence in PDC316-EGFP-U6-KIT plasmid was correct 
(Figure 3).

Recombinant adenovirus AdEGFP-U6-KIT
The CPE and green fluorescence in HEK293 cells were 
observed 8 d after recombination of  PDC316-EGFP-U6-
KIT and pBHGlox(delta)E1,3Cre (Figure 4A and B). The 
physical titer and TCID50 was 5 × 1011 (viral particles/mL) 
and 1.26 × 1010/mL, respectively.
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5300 bp in lane 1, consistent with the vector length. Lane M: 1 kb DNA Ladder 
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Influence of AdEGFP-U6-KIT on growth and CD117 
expression of GIST in nude mice
The GIST xenograft was incubated for 9-15 d. There 
was no histological difference between primary gastric 
GIST and xenografts, and both presented CD117 posi-
tive expressions (Figure 5A and B). An expansive, mobile 
and hard mass was observed in all animals. The mean 
tumor volume was similar between the test and control 
groups before injection of  AdEGFP-U6-KIT (186.3 ±  
33.6 mm3 vs 176.8 ± 30.9 mm3, t = 0.3642, P > 0.10). 
Twenty-one days after the intervention with recombinant 
virus, the mean volume of  graft tumor was smaller in the 
test animals than in the control animals (75.3 ± 22.9 mm3  
vs 988.6 ± 30.5 mm3, t = -18.132, P < 0.05). The tumor 
inhibition rate in the test and control mice was +59.6% 
and -459.2%, respectively. There were two cases in the 
test group and 10 cases in the control group who pre-
sented positive CD117 expression (20% vs 100%, χ2 = 
10.2083, P < 0.005).

DISCUSSION
GIST is the most common mesenchymal tumor of  the 
digestive tract. Metastasis of  tumor cells to lymph nodes 
in GIST is rare, however, recurrence and liver metastasis 
of  GIST often occured[15]. Heinrich et al[10] reported that 
GIST is generally distinguished from other abdominal sar-
comas by the expression of  KIT receptor tyrosine kinase. 
This kinase is important not only as a diagnostic marker 
for GIST, but as a primary oncogene in approximately 
80% of  these tumors, as evidenced by activating muta-
tions of  the KIT gene. About 90% of  GIST had gain-of-
function mutations of  the KIT, and half  of  GIST without 
KIT mutation presented gain-of-function mutations in the 

PDGFRA (platelet-derived growth factor receptor-α) that 
encodes another receptor tyrosine kinase[16]. Other stud-
ies also showed that approximately 85% of  GISTs gain 
activating mutations in KIT or the homologous RTK gene, 
with the PDGFRA. KIT activation was associated with 
proliferation, apoptosis, adhesion and chemotaxis[17,18]. 
With GIST’s resistance to conventional chemotherapy, 
tyrosine kinase inhibitors are an emerging class of  anti-
cancer therapies that have shown a pivotal role in clinical 
practice. Imatinib, which inhibits the enzymatic activity 
of  KIT, can present a satisfactory response, while about 
15% of  patients show initial resistance, and many patients 
who respond positively at first show secondary resistance 
later[5-7,19]. In clinical studies, 75%-90% of  patients with 
advanced GISTs treated with Imatinib experienced a clini-
cal benefit[10]. The Imatinib induced responses correlated 
with tumor kinase mutational status. Patients with KIT 
exon 11-mutant GIST have a higher response rate and a 
significantly longer median survival compared with pa-
tients with exon 9-mutant GISTs, and those whose GISTs 
lack KIT or PDGFRA mutations[20]. The duration and 
dose of  Imatinib in the neoadjuvant setting are yet unde-
cided, however, less than 5% patients have complete clini-
cal response to Imatinib[1]. Due to the unfavorable status 
of  GIST therapy, a new method is necessary, especially 
one based on management to inactivate KIT expression.

RNAi is a process in which double-stranded RNA is 
used to generate degradation of  cognate mRNA[11]. Syn-
thetic 21-23 nucleotide (siRNA) has been demonstrated 
to induce transient and efficient RNAi[21]. Plasmid vector 
designed to produce siRNA presents transient siRNA 
expression and low transfection efficiency. For the high 
titer and level of  recombinant adenoviruses in transgene 
expression, they currently are widely used in gene inter-
ventions, including RNAi[11,22]. In the present study, plas-
mids pDC316-EGFP-U6 and pBHGlox-E1,3Cre were 
employed to generate recombinant adenovirus. Shuttle 
plasmid pDC316-EGFP-U6 was reconstructed based on 
pDC316, in which the U6-promotor was designed to drive 
the goal gene and enhanced green fluorescent protein was 
employed to observe transfection. The multiple cloning 
site (MCS) for shRNA in pDC316-EGFP-U6 was U6 pro-
moter-BamHⅠ-SalⅠ-HindⅢ. KIT (B/H) was correctly 
inserted into the MCS between BamHⅠ and HindⅢ, and 
DNA sequencing and agarose gel electrophoresis could 
provide a strong evidence. The physical titer and TCID50 
of  recombinant virus AdEGFP-U6-KIT was 5 × 1011 
viral particles/mL and 1.26 × 1010/mL, respectively. Wang 
et al[23] reported that a recombinant adenovirus vector de-
signed for expression of  a fusion gene was constructed 
successfully using the AdMax Adenovirus Vector Creation 
System, and its titer was 8 × 1010 PFU/mL. Other studies 
also demonstrated that AdMax system has a high recom-
binant efficiency and is comparatively simple[24-26]. It is 
reasonable to draw a conclusion that the Admax system 
could effectively recombine adenovirus in molecular or-
ganism research.

Based on the pivotal role of  KIT in some diseases, 
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Figure 2  After recombination, restrictive endonuclease site SalI was 
eliminated. The blank plasmid could be linearized by SalI digestion, while 
the recombinant one could not. The plasmids on lanes 3 and 4 were the re-
combinant PDC316-EGFP-U6-KIT. Lane 1: Blank PDC316-EGFP-U6; Lane 2: 
Blank PDC316-EGFP-U6 digested with SalI; Lane 3: Recombinant PDC316-
EGFP-U6-KIT; Lane 4: Recombinant PDC316-EGFP-U6-KIT digested with SalI; 
Lane M: DNA Marker DL2000.
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including mast cell leukemia and GIST[1,27], KIT RNAi 
might be an alternative to control disease development. 
Ruano et al[27] discovered that retroviral transduction of  
HMC1.1 and HMC1.2 cell lines with vectors carrying 
DNA to be transcribed for RNAi against the wild type 
or mutant KIT messengers lowered KIT protein levels 
considerably, decreased cell proliferation, and raised the 
apoptotic levels. Furthermore, the same study suggested 

that the highly specific effect of  RNAi in reducing KIT 
mRNA could be used for the treatment of  other cancers 
resistant to Imatinib mesylate, such as GIST[27]. A study 
reported that KIT protein was detected in spermatogo-
nial cells and knocked down to undetectable levels at 24 
h after transfection with KIT siRNA[28]. Catalano et al[12] 
showed that exposure of  a malignant mesothelioma cell 
line to KIT siRNA was associated with down-regulation 
of  KIT expression and an increase in apoptosis. In the 
present study, KIT RNAi whose addition was mediated 
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Figure 3  Sequencing graph shows that the KIT RNAi sequence in PDC316-EGFP-U6-KIT plasmid was correct.
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A

Figure 4  Cytopathic effect and green fluorescence in HEK293 cells ob-
served after recombination of PDC316-EGFP-U6-KIT and pBHGlox(delta) 
E1,3Cre. A: Cytopathic effect of HEK293; B: Fluorescence in HEK293 cell, × 
200.

B

A

Figure 5  Positive staining of CD117 in gastrointestinal stromal tumor. A: Pri-
mary gastric gastrointestinal stromal tumor; B: Xenograft, × 200.
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with Admax adenovirus suppressed dramatically KIT 
protein (CD117) expression, providing evidence that 
the KIT mRNA was knocked down by RNAi. Further-
more, the GIST xenograft was reduced markedly in the 
test group of  animals and the tumor inhibition rate was 
59.6%, while in the control mice, the xenograft grew rap-
idly and the mean volume increased by 5.6 times at the 
end of  the experiment compared with that observed be-
fore intervention with KIT RNAi. The sequence of  KIT 
RNAi in our study was not located in the mutant regions, 
therefore, the recombinant adenovirus could be used in 
most GISTs[1,8,10]. Zhu et al[9] evaluated interactions with 
the KIT oncoproteins and determined signaling pathways 
that are dependent on KIT oncogenic activation in GIST. 
Tyrosine-phosphorylated KIT oncoproteins interacted 
with PDGFRA, PDGFRB, phosphatidylinositol 3-kinase 
and PKCtheta in GIST cells, and these interactions were 
abolished by KIT inhibition with Imatinib or KIT RNAi. 
Another study used a KIT lentiviral shRNA to infect 
GIST882, shRNA knockdown of  total KIT expression 
in Imatinib sensitive GIST882 cell line resulted in parallel 
decreases in phosphorylated-KIT. KIT knockdown in the 
cell lines also provided flow cytometric evidence for G1 
block, decreased S phase, and markedly increased apopto-
sis[10]. Yang et al[29] reported that, excepting mutations of  
KIT or PDGFRA gene, there were cytogenetic aberrations 
and molecular genetic aberrations. A new paradigm of  
classification integrating the standard clinical and patho-
logical criteria with molecular aberrations may permit per-
sonalized prognosis and treatment.

In summary, GIST is prevalent and serious, and ef-
ficacious therapy is still required. The recombinant adeno-
virus AdEGFP-U6-KIT was correctly constructed and 
potently inhibited KIT expression and growth of  GIST 
xenografts. AdMax adenovirus vector can effectively in-
troduced RNAi into cancer gene therapy. KIT RNAi me-
diated with adenovirus might become a method for GIST 
treatment. 

COMMENTS
Background
About 90% of gastrointestinal stromal tumor (GIST) had gain-of-function muta-
tions of KIT. The gold standard therapy for GIST is complete resection, depend-
ing on the lesion size and location. GIST is an easily recurrent disease, which 
is frequently found in the liver (65%), peritoneal surface (50%), or both (20%). 
Conventional chemotherapy is of little benefit for GIST because it is a non-
epithelial neoplasm. The use of Imatinib mesylate in advanced GIST produces 
a response in 50% patients. Primary resistance to Imatinib affects about 15% 
of patients, and 50% of patients become secondarily resistant by 2 years after 
Imatinib therapy. Clearly, a new strategy is required. 
Research frontiers
The KIT proto-oncogene on chromosome 4 (4q11-q12), which encodes for the 
KIT protein, appears to play an important role in early stages of tumor formation 
as well as in late tumor progression. Inhibition of KIT gene may block the forma-
tion and development of GIST. RNAi is the most effective method to silence a 
special gene. Two documents gave evidences that RNAi could block KIT gene 
expression in GIST, but all of them are not involved in the growth of GIST. Up 
to now, it is still uncertain if KIT RNAi could become an effective therapeutic 
method for GIST. 
Innovations and breakthroughs
In this study, the authors successfully constructed an adenovirus vector to me-

diate KIT RNAi in GIST xenografts. The results demonstrate that an adenovirus 
system that induces KIT RNAi can silence efficiently KIT, inhibit the growth of 
GIST xenografts, therefore it may be a promising method for GIST treatment. 
This may be the first investigation about KIT RNAi mediated with adenovirus for 
the treatment of GIST xenograft.
Applications
The results of the present study show that it is possible that KIT RNAi mediated 
by adenovirus might become a treatment method for diseases related to KIT, 
including GIST, and it is also a useful method to study the KIT function in cyto-
genic and molecular research.
Peer review
The authors described that an adenovirus vector was successfully constructed 
to mediate KIT RNAi in GIST xenografts. The results demonstrated that the 
adenovirus system can silence efficiently KIT and inhibit the growth of grafted 
GIST. This approach may have therapeutic potential in GIST. Their results are 
very attractive. However, additional data should be required.  
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