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Abstract- The aim of this study was to investigate the presence of activating CD117 gene mutation in hepatocellular 
carcinoma (HCC). Twenty-two CD117 positive HCC specimens confirmed by immunohisto chemical staining and RT-PCR 
were analyzed. All specimens were screened for mutations in exons 9 and 11 of the CD117 gene by direct sequencing. No 
sequence abnormalities were detected. These results suggest that the expression of CD117 tyrosine kinase is independent of 
mutation in exons 9 and 11 of HCC. 
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I. INTRODUCTION 
 
 Hepatocellular carcinoma (HCC) is one of the most 
common cancers worldwide [1,2]. Alcoholism and 
chronic infection with the hepatitis B virus and 
hepatitis C virus increase the risk of developing HCC. 
Aflatoxins, which often contaminate food in parts of 
the world, have also been implicated as a major risk 
factor for causing HCC [3]. Treatment options and 
prognosis of HCC are dependent on many factors but 
especially on tumor size and staging. Despite of the 
surgical improvements and transplant techniques 
available, many patients with advanced stage die 
within a relatively short period of time. 
Chemotherapy regiments have not been proven 
effective against HCC [4] and the prognosis is 
generally poor and unpredictable [5,6].  
The protooncogene CD117, also known as c-kit, that 
encodes a receptor tyrosine kinase has been 
demonstrated to be expressed in a wide variety of 
human malignancies, including gastrointestinal 
stromal tumors (GIST), colon carcinoma, salivary 
gland carcinoma, testicular germ cell tumors and 
neuroblastoma [7-11]. Specific protein kinase 
inhibitors that disrupt cancer caused by aberrance in 
the signal transduction of cancer cells suggest a role 
for inhibitors of CD117 in the treatment of CD117 
associated malignancies. Imatinib mesylate is a 
protein-tyrosine kinase inhibitor that inhibits the Bcr-
Abl tyrosine kinase, the constitutive tyrosine kinase 
created by the Philadelphia chromosome abnormality 
in chronic myeloid leukemia (CML) [12]. Imatinib 
also inhibits the receptor tyrosine kinase for platelet-
derived growth factor (PDGF) and CD117. Imatinib 
is effective in the treatment of GIST; it inhibits 
proliferation and induces apoptosis in GIST cells, 
which express an activating CD117 mutation [13-15]. 
The mutations result in the activation of CD117 
signaling, leading to growth and anti-apoptotic 
signals. Most mutations in CD117 occur in exon 11, 
but mutation may also be found in exon 9 and very 
rarely in exons 13 and 17 [16].  

A correlation was also established between the 
expression of CD117 and the better survival of the 
HCC patients, suggesting that CD117 may be utilized 
as a prognostic factor for HCC [17]. However, 
aberrant expression or mutation of CD117 is not well 
characterized. Identification of activating mutated 
CD117 in HCC may provide new opportunities for 
therapeutic intervention with pharmacologic 
inhibitors such as Imatinib and other selective protein 
kinase inhibitors. It is with this objective, we have 
investigated the mutational status in exons 9 and 11 
of CD117 in HCC. 
  
II. DETAILS EXPERIMENTAL 
 
2.1. CD117 Positive HCC Tissue Samples 
Immunohistochemical staining (IHC) (Fig.1) and RT-
PCR (Fig.2) were used to examine the protein and 
mRNA expression of CD117 tyrosine kinase. 
Paraffin-embedded tumor samples were retrieved 
form the archives of the Department of Pathology, 
Changhua Christian Hospital, Taiwan. The subjects 
of this study were 22 patients with HCC that were 
surgically resected at this hospital between 1997 and 
2001. The samples were from 17 men and 5 women. 
The age ranged from 30-78 years (median, 62.0). The 
clinicopathological data of each patient including 
location, histological type, size, and vascular invasion 
were obtained from medical records. 
 
2.2. Mutational Analysis 
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Fig.1. Immunohistochemical staining of CD117 
oncoprotein on cytoplasm of hepatocellular 
carcinoma cells. 

 
 
Fig.2. Representative RT-PCR analysis of CD117 
mRNA expression in HCC. Lane 1-11 and 14, IHC 
CD117-positive HCC patients; lane 12,13, IHC 
CD117-negative HCC patients. N, negative (reagent) 
control. P, positive control from tumor RNA of a 
gastrointestinal stromal tumor (GIST) patient. M, 
molecular weight markers. The 608-bp CD117 was 
detected in all IHC CD117-positive HCC patients. 
 
The paraffin sections from the 22 CD117 positive 
HCC tissue samples were transferred directly into the 
PCR tubes and incubated in 300µl of xylene at 25°C 
for 5 minutes, pelleted at 12,000 g for 5 minutes, 
resuspended in 300µl of absolute alcohol at room 
temperature, spun down, and lyophilized. The pellets 
were then processed using the Puregene DNA 
isolation kit (Gentra, Minneapolis, MN) according to 
the manufacturer's instructions. The final extracts 
were dissolved in TE buffer and kept at 4°C. The 
primer pairs to amplify CD117 exon 9 were 5'-TGA 
CAT GGT CAA TGT TGG AA-'3 and 5'-AGC CAG 
GGC TTT TGT TTT CT-3', for exon 11 were 5'-TGG 
AAA GCC CCT GTT TCA TA-3' and 5'-CGT AAT 
CGT AGC TGG CAT GA-3'. The PCR was carried 
out in a DNA thermal cycler (GeneAmp PCR System 
9600; Perkin-Elmer; Foster City, CA). Reaction 
mixtures were first denatured at 95°C; for 10 min. 
Each round of the PCR consisted of 30 cycles of 
1min at 94oC to denature the samples, 1 minute at 56 

oC to anneal the primers, and 1 minute of extension at 
72 oC. A final extension of 10 minutes at 72 oC was 
given. The PCR products were then sequenced using 
the ABI PRISM BigDye Terminator Cycle 
Sequencing Ready Reaction Kit and ABI Prism 377 
Genetic Analyzer (PE Applied Biosystems, Foster 
City, CA). 
 
III. RESULTS AND DISCUSSION 
 
Mutational analyses of exons 9 and 11 of the CD117 
gene were evaluated in 22 CD117 positive HCC 
tissue samples from IHC and qualitative RT-PCR. 
PCR products for CD117 exons 9 and 11 were 
sequenced directly. No sequence abnormalities were 
detected in all cases (Table 1).  
Table1: Clinicopathologic characteristics of 22 
CD117-positive HCC patients and their mutational 
status in CD117 exons 9 and 11 
 

 
CD117 mutations which cause ligand-independent 
costitutive phosporylation and activation of CD117 
have been demonstrated to alter cell lines from factor-
dependent to factor-independent growth in vitro [19-
21]. Gain of function mutations of CD117 have been 
identified as the major pathogenetic mechanism in the 
development of GIST [16,22]. Since its approval for 
treatment of CML, the breakthrough, targeted 
anticancer treatment imatinib has improved the 
prognosis of patients with CML, as well as certain 
forms of GIST [12,13]. As in GIST, tumors that 
harbor activating CD117 mutations have been shown 
to be potential targets for imatinib mesylate and other 
selective tyrosine kinase inhibitors. As more research 
is yielding results in various other malignant diseases, 
we hope that identifying the abberant genes and the 
resultant proteins could lead to the identification of 
pharmacological interventions for HCC.  
In GIST, the presence of mutated CD117 gene is 
predictive for disease responsiveness to imatinib [23]. 
Patients without mutated CD117 gene rarely respond 
to imatinib, whereas those with GIST with mutated 
CD117 often achieve a solid response [24]. CD117 
mutations occur mostly in exon 11, secondly in exon 
9, and very rarely in exons 13 and 17 [16]. Because 
of the prevalence and high frequency of mutated 
exons 11 and 9 of CD117 as in GIST, it is top of our 
list to screen these two exons of CD117 in HCC in 
order to locate mutations in this disease, if any. The 
expression of CD117 was observed in 22 HCC tissue 
samples from IHC and qualitative RT-PCR. 
However, we did not find mutated CD117 gene in 
exons 9 and 11.  
CD117 mutations are uncommon in most histologic 
types of solid tumors despite the fact that some tumor 
types express the CD117 protein. Only one successful 
treatment of HCC with imatinib has been reported 
[25]. Inhibition of the CD117 signal-transduction 
pathway is a potential treatment for HCC. Identifying 
mutations in the CD117 gene has important 
implications with regard to the treatment of HCC. 
Our results suggest the expression of CD117 tyrosine 
kinase is independent of mutation in exons 9 and 11 
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of HCC. A comprehensive study to screen for 
mutations in all other exons of CD117 is needed to 
address the mutation status of CD117 in HCC. 
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