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C-KIT expression in pediatric tumors:
What is hidden beneath the tip of the iceberg?

Pediatrik tiimorlerde C-KIT ekspresyonu: Buzdaginin altinda
sakli olan ne?
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SUMMARY

Objective: C-kit protein is a member of the type III receptor tyrosine kinase family.
Although c-kit is believed to have a pathogenetic role in gastrointestinal stromal
tumors (GIST), it is expressed by several other tumors. The aim of this study is to
evaluate c-kit expression in pediatric tumors.

Methods: C-kit expression was retrospectively evaluated by immunohistochemical
method in 205 pediatric tumors. A chi-square test was used to analyze the c-kit exp-
ression in different tumor groups.

Results: Expression of c-kit is demonstrated in 9.8% of our pediatric tumor cases.
C-kit is mostly expressed in Wilms tumor (in 9 cases of 32). Three of the 26 rhabdom-
yosarcoma cases were positive for c-kit. In three of 7 cases with hepatoblastoma, 2 of
3 cases of three inflamatory fibrous tumor, one of two nasopharingeal carcinomas,
one epitheloid sarcoma, hepatocellular carcinoma and pancreatic pseudopapillary
tumor c-kit was positive.

Conclusion: Since Wilms tumor, rhabdomyosarcoma, hepatoblastoma, and nasopha-
ringeal carcinomas express c-kit, this marker may represent a new suitable therape-
utic target for these pediatric tumors.
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OZET

Amag: C-kit, tip 3 reseptor tirozin kinaz ailesini iiyesi bir proteindir. Gastrointestinal
stromal tiimor patogenezinde rolii olduguna inamilmakla birlikte, bir¢cok baska
tiimorde de eksprese edilmektedir. Bu ¢alismanin amaci pediatrik tiimérlerde c-kit
ekspresyonunu degerlendirmektir.

Yontemler: C-kit ekspresyonu immiin histokimyasal boyamalarla 205 pediatrik
tiimorde retrospektif olarak degerlendirilmistir. Farkh tiimorlerdeki c-kit ekspresyo-
nunun degerlendirilmesinde ki-kare testi kullamlmstir.

Bulgular: Pediatrik tiimor olgularimin 9%9,8’inde c-kit ekspresyonu gozlenmistir. En
yogun c-kit ekspresyonu gozlenen tiimor Wilms tiimoriidiir (32 olgunun 9’unda).
Yirmi alti rabdomyosarkom olgusunun 3’iinde c-kit pozitiftir. Yedi hepatoblastomun
3’iinde, 3 inflamatuvar fibroz tiimoriin 2’sinde, 2 nazofarinks karsinomunun birin-
de, 1 epiteloid sarkomda, 1 hepatoselliiler karsinomda ve 1 pankreatik psédopapiller
tiimorde c-kit pozitif bulunmu@tu.r. o Alindig tarih: 14.042011
Sonug: Ekspresyon saptanan Wilms tiimérii, rabdomyosarkom, hepatoblastom ve b S e 00 02501
nazofarenks karsinomunda; pediatrik tiimérlerdeki tedavi protokolleri igin, c-kit

yeni bir hedef olusturabilir. Yazisma adresi: Dr. Safiye Aktas, Dokuz Eyliil
Universitesi Tip Fakiiltesi Temel Onkoloji
Anahtar kelimeler: C-kit, pediatrik tiimor Anabilim Dali, Izmir
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INTRODUCTION

The c-kit antibody labels the transmembrane
tyrosine kinase receptor CD117/c-kit. The proto-
oncogene c-kit belongs to the class III receptor kinase
family including colony stimulating factor 1 and the
platelet-derived growth factor receptors type A and B.
It encodes the stem cell factor receptor. It is localized
on human chromosome 4. The receptor is activated
by dimerisation, substrate phosphorylation, autophos-
phorylation, receptor internalisation, activation of
protein kinases and phospholipases and transcription
of different protoonkogenes ?. Mutation in the c-kit
gene leads to ligand-independent phosphorylisation
causing tumor growth and progression. Even in the
absence of proximal transforming events, signaling of
tyrosine kinases may contribute to survival advantage
of the transformed cells. Although c-kit is believed to
have a central pathogenetic role in gastrointestinal
stromal tumors, it is expressed by several other
tumors, including mastocytosis, mast cell leukemia,
acute myelogenous leukemia, melanoma, ovarian,
breast, and small-cell lung carcinoma (SCLC).

Results of recent clinical studies have suggested
the promising therapeutic impact of imatinib in the
treatment of CML and GIST. Imatinib mesylate and
other KlIT-targeted agents may have therapeutic
potential for malignancies other than GISTs, which
are also subjected to a KIT-mediated oncogenic
drive. Effects of imatinib on c-Abl, c¢c-Kit, and
PDGEFR kinase activities were demonstrated. These
effects are also reported on pediatric tumors such as
neuroblastoma, Ewing sarcoma 7% and on a few
pediatric solid tumors UV, The aim of this study is to
examine c-kit expression in pediatric tumors includ-
ing neuroblastoma, lymphoma, Wilms tumor, rhab-
domyosarcoma, fibrous tumor, gynecologic tumors,
hepatoblastoma and some rare tumors.

MATERIALS and METHODS

We examined c-kit expression in 205 pediatric

tumors to verify its putative expression. Since this
study was performed on archive files, no ethics
approval was required C-kit expression was retro-
spectively evaluated by immunohistochemical meth-
od in 205 pediatric tumors, and 12 GIST as the con-
trol group diagnosed between 1995-2004 at Pathology
Laboratory of Dr Behcet Uz Children Research
Hospital. The clinical properties such as age, sex,
prognosis, stages of the disease states were not
included in this study. The 12 adult GIST cases used
as a comparison control group were collected from
authors’ archive files. Immunohistochemistry: Five
micrometer - sections on polylisine coated slides of
formalin- fixed, and paraffin-embedded well-pre-
served tissue blocks of tumors (one block for each
case) were used for immunhistochemical (IHC)
study. IHC staining for KIT (CD117) was performed
using a 1: 200 dilution of the rabbit polyclonal anti-
body A4502 (DAKO, USA) by SAB method.
Pretreatment of tissues for heat-induced epitope
retrieval was applied in 0.001mol/L EDTA solution
(pH 8.5) for 20 minutes in a microwave (400 watt).
Incubation time with primary antibody was 60 min-
utes. Control slides of the product were used as a
positive control of the method. For each tissue sam-
ple, the percentage of positive cells was estimated.
Intensive or focal cytoplasmic and/or membranous
staining as GIST was considered as positive. Samples
were scored as negative when no immunoreactive
tumor cells were observed.

Statistical Analysis: All statistical analyses were
performed using SPSS program. Incidences and
descriptive characteristics were evaluated. Chi-square
test was used to analyze the c-kit expression in diffe-
rent tumor groups. The significance was set at
p<0.05.

RESULTS
All of the control GIST cases were strongly and

diffusely positive. Expression of c-kit was demon-
strated in 9.8% of our pediatric tumors. The frequen-
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Table 1. c-kit Positivity in various pediatric tumors

n Percent c-kit c-kit n
Wilms tumor 32 15,6 Po/neg 9/23
Rhabdomyosarcoma 26 12,7 Po/neg 3/23
Hepatoblastoma 7 3.4 Po/neg 3/4
Inflammatory fibrous tumor 3 1.5 Po/neg 2/1
Nasopharingeal carcinoma 2 1.0 Po/neg 1/1
Epitheloid Sarcoma 1 S5 positive 1
Pancreatic pseudopapillary tumor 1 5 positive 1
Neuroblastoma 27 13,2 negative 27
NonHodgkin Lymphoma 17 83 negative 17
Hodgkin Lymphoma 16 7.8 negative 16
Pnet/Ewing Sarcoma 8 39 negative 8
Fibroma 8 39 negative 8
Endodermal sinus tumor,ovarian 7 34 negative 7
Infantile fibrosarcoma 6 2.9 negative 6
ganglioneuroma 4 2,0 negative 4
Langerhans cell histiositosis 4 2,0 negative 4
Granulosa cell tumor, ovarian 3 1,5 negative 3
Mature CysticTeratoma, ovarian 3 1,5 negative 3
Immature Teratoma, sacrococsigeal 3 1,5 negative 3
Astrocytoma 2 1.0 negative 2
Clear cell sarcoma, kidney 2 1.0 negative 2
Dysgerminoma, ovarian 2 1.0 negative 2
retinoblastoma 2 1.0 negative 2
Adrenal cortical carcinoma 1 5 negative 1
ependymoma 1 S5 negative 1
fibromatosis 1 S5 negative 1
Hemangioendotelioma 1 5 negative 1
Calcifying fibrous tumor, soft tissue 1 5 negative 1
Carcinoid tumor, appendix 1 5 negative 1
Mesenchimal hamarthoma, liver 1 5 negative 1
Malignant meningioma 1 5 negative 1
Medulloblastoma 1 5 negative 1
Granular cell tumor 1 S5 negative 1
Nodulary Hydradenoma 1 5 negative 1
Neurofibroma 1 S5 negative 1
Osteocondroma 1 5 negative 1
Osteosarcoma 1 5 negative 1
Malignant rabdoid tumor 1 5 negative 1
Rabdomyoma 1 S5 negative 1
Mucinous adenocarcinoma, rectum 1 5 negative 1
Renal cell carcinoma 1 S5 negative 1
Thyroid papillary carcinoma 1 5 negative 1
Total 205 100,0 Po/neg 20/185
cy of positivity of c-kit in pediatric tumors is shown Three out of 26 cases with rhabdomyosarcoma were
in Table 1. c-kit is mostly expressed in Wilms tumor positive for c-kit (11.5%, p=0.765) (Figure 2), two of
(9/32; 28.1%, p=0.0001). The expression was mainly them being spindle cell variant. C-kit positivity was
observed in the epithelial component (Figure 1). also detected in cases with hepatoblastoma (3/7;
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Figure 1. c-kit positivity in Tubulary areas of Wilms tumor Figure 4. c-kit positivity in nasopharingeal carcinoma
(DABx400). (DABx200).

o s &

Figure 2. c-kit positivity in a spindle cell rhabdomyosarcoma Figure 5. c-kit positivity in pancreatic pseudopapillary tumor
(DABx200). (DABx200).

Figure 3. c-kit positivity in hepatoblastoma (DABx400). Figure 6. c-kit positivity in epithelioid sarcoma (DABx200).
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42.9%, p=0.003), (Figure 3), inflammatory fibrous
tumor (2/3) , nasopharyngeal carcinoma (1/2) (Figure
4), pancreatic pseudopapillary tumor (n=1) (Figure 5)
and epitheloid sarcoma (n=1) (Figure 6). No c-kit
expression was observed in cases with neuroblasto-
ma, non-Hodgkin lymphoma, Hodgkin lymphoma,
PNET/Ewing sarcoma, fibroma, ovarian endodermal
sinus tumor, infantile fibrosarcoma, ganglioneuroma,
Langerhans cell histiocytosis, ovarian granulosa cell
tumor, ovarian mature cystic teratoma, sacrococcy-
geal immature teratoma, astrocytoma, clear cell sar-
coma, renal, ovarian dysgerminoma, retinoblastoma,
adrenal cortical carcinoma, ependymoma, and fibro-
matosis.

DISCUSSION

KIT tyrosine kinase activity has been linked to the
genesis of GIST. Rubin et al. reported that all forms
of GIST (benign, borderline, and malignant) demon-
strated elevated levels of KIT tyrosine kinase activity,
whereas 92% of them showed a mutant c-kit gene 1.
Inhibition of KIT by the small-molecular agent ren-
ders considerable response rates in patients with
metastasized malignant GIST. After that c-kit expres-
sion status and its effect on proliferation and apopto-
sis 119 has been widely studied in other cancer types
and normal tissues !. In a series of sixty small-cell
lung carcinoma Boldrini et al found expression of
c-kit in about 40% of the samples. Two mutations in
exon 9 and three mutations in exon 11 were found.
They concluded that the expression of c-kit and its
mutational status failed to appear relevant or have a
significant impact on survival ¥. C-kit expression
has been infrequently detected in breast cancer (7,
hepatoblastoma ®, and medulloblastoma @9, it was
absent in Burkitt lymphoma @,

Hornick and Fletcher reported very low percent-
ages (6%) of KIT expression in 365 different types
of soft tissue tumors, most of them being focally
and weakly stained. They also claim that high per-
centages found in previous studies were more often
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associated with high background (false positive)
staining possibly due to inappropriate staining meth-
ods and types f primary antibodies used . Studies
about c-kit expression in pediatric tumors are slow-
ly accumulating as case reports or series, and even
phase 1 studies conducted with tyrosine kinase
inhibitors 22,

C-kit is variably expressed in Ewing sarcoma
detected by using either monoclonal or polyclonal
antibodies. Detection of c-kit expression in Ewing
sarcoma has been improves with the use of antigen
retrieval methods . At present there is no evidence
suggesting that KIT expressing tumors can benefit
from STI-571 therapy. It has been suggested that the
response rate to STI-571 may be dependent on the
presence and type of KIT mutations in the tumor
cells 7.

In our series no expression was observed in cases
with neuroblastoma, non-Hodgkin lymphoma,
Hodgkin lymphoma, PNET/Ewing sarcoma, fibroma,
ovarian endodermal sinus tumor, infantile fibrosar-
coma, ganglioneuroma, Langerhans cell histiocyto-
sis, ovarian granulosa cell tumor, ovarian mature
cystic teratoma, sacrococcygeal immature teratoma,
astrocytoma, clear cell sarcoma, renal, ovarian dys-
germinoma, retinoblastoma, adrenal cortical carci-
noma, ependymoma, and fibromatosis. Scarce num-
ber of these tumor or lesion groups in our investiga-
tion may not be enough to claim that these tumours
do not use stem cell/c-kit pathway and would not be
responsive to targeted treatment, still our data will
give information for further investigation planning.
Proliferation, cell survival, differentiation, migration
and homing processes that included in c-kit signaling
pathway are the main properties of many tumors but
these signaling pathways are also affected by many
other factors.

Further studies are required to investigate the
expression and the possible beneficial effects of ima-
tinib mesylate in KIT positive Wilms tumor, rhab-
domyosarcoma especially spindle cell variant, hepa-
toblastoma, inflammatory fibrous tumor, nasopha-
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ryngeal carcinoma and epitheloid sarcoma and also
the prognostic role of c-kit in these pediatric tumor
groups.

REFERENCES

1. Cypriano MS, Jenkins JJ, Pappo AS, Rao BN, Daw NC.
Pediatric gastrointestinal stromal tumors and leiomyosarco-
ma. Cancer 2004;101(1):39-50.
http://dx.doi.org/10.1002/cncr.20352
PMid:15221987

2. Legitimo A, Consolini R, Cocito MG, Buffoni R, Basso G,
Macchia P. The c-kit receptor and its ligand stem cell factor
in childhood malignant lymphoid precursors. J Interferon
Cytokine Res 1999;19(9):981-7.
http://dx.doi.org/10.1089/107999099313172

3. Miettinen M, Lasota J. Gastrointestinal stromal tumors —
definition, clinical, histological, immunhistochemical, and
molecular genetic features and differential diagnosis
Virchows Arch 2001;438:1-12.
http://dx.doi.org/10.1007/s004280000338
PMid: 11213830

4. Hasegawa T, Matsuno Y et al. Gastrointestinal stromal
tumor: Consistent CD 117 immunstaining for diagnosis, and
prognostic classification based on tumor size and MIB -1
grade. Hum Pathol 2002;33:669-676.
http://dx.doi.org/10.1053/hupa.2002.124116
PMid:12152168

5. Gonzalez I, Andreu EJ, Panizo A, Inoges S, Fontalba A,
Fernandez-Luna JL, Gaboli M, Sierrasesumaga L, Martin-
Algarra S, Pardo J, Prosper F, de Alava E. Imatinib inhibits
proliferation of Ewing tumor cells mediated by the stem cell
factor/KIT receptor pathway, and sensitizes cells to vincris-
tine and doxorubicin-induced apoptosis. Clin Cancer Res
2004;10(2):751-61.
http://dx.doi.org/10.1158/1078-0432.CCR-0778-03
PMid:14760098

6. Uziel O, Fenig E, Nordenberg J, Beery E, Reshef H,
Sandbank J, Birenbaum M, Bakhanashvili M, Yerushalmi R,
Luria D, Lahav M. Imatinib mesylate (Gleevec) downregu-
lates telomerase activity and inhibits proliferation in telom-
erase-expressing cell lines. Br J Cancer 2005;92(10):1881-
91.
http://dx.doi.org/10.1038/sj.bjc.6602592
PMid:15870711 PMCid:2361771

7. Ahmed A, Gilbert-Barness E, Lacson A. Expression of c-kit
in Ewing family of tumors: a comparison of different immu-
nohistochemical protocols. Pediatr Dev Pathol 2004;7(4):342-
347.

PMid: 15383930

8. Merchant MS, Woo CW, Mackall CL, Thiele CJ. Potential
use of imatinib in Ewing’s Sarcoma: evidence for in vitro and
in vivo activity. J Natl Cancer Inst 2002;94(22):1673-9.
PMid:12441322

9. Beppu K, Jaboine J, Merchant MS, Mackall CL, Thiele CJ.
Effect of imatinib mesylate on neuroblastoma tumorigenesis

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

and vascular endothelial growth factor expression. J Natl
Cancer Inst 2004;96(1):46-55.
http://dx.doi.org/10.1093/jnci/djh004

Vitali R, Cesi V, Nicotra MR, McDowell HP, Donfrancesco
A, Mannarino O, Natali PG, Raschella G, Dominici C. ¢c-Kit
is preferentially expressed in MYCN-amplified neuroblasto-
ma and its effect on cell proliferation is inhibited in vitro by
STI-571. Int J Cancer 2003;106(2):147-52.
http://dx.doi.org/10.1002/ijc.11187

PMid:12800187

Smithey BE, Pappo AS, Hill DA. C-kit expression in pediat-
ric solid tumors: a comparative immunohistochemical study.
Am J Surg Pathol 2002;26(4):486-92.
http://dx.doi.org/10.1097/00000478-200204000-00011
PMid:11914627

Ricotti E, Bertorello N, Vai S, Pagani A, Cordero Di
Montezemolo L, Madon E, Basso G. Stem cell factor is not
essential for cell survival and proliferation of soft tissue sar-
coma of neuroectodermal origin. Haematologica
1999;84(10):879-86.

PMid:10509034

Ricotti E, Fagioli F, Garelli E, Linari C, Crescenzio N,
Horenstein AL, Pistamiglio P, Vai S, Berger M, di
Montezemolo LC, Madon E, Basso G. c-kit is expressed in
soft tissue sarcoma of neuroectodermic origin and its ligand
prevents apoptosis of neoplastic cells. Blood 1998;91(7):2397-
405.

PMid:9516139

Beck D, Gross N, Brognara CB, Perruisseau G. Expression
of stem cell factor and its receptor by human neuroblastoma
cells and tumors. Blood 1995;86(8):3.

Boldrini L, Ursino S, Gisfredi S, Faviana P, Donati V,
Camacci T, Lucchi M, Mussi A, Basolo F, Pingitore R,
Fontanini G. Expression and mutational status of c-kit in
small-cell lung cancer: prognostic relevance. Clin Cancer
Res 2004;10:4101-8.
http://dx.doi.org/10.1158/1078-0432.CCR-03-0664
PMid:15217946

Miliaras D, Karasavvidou F, Papanikolaou A, Sioutopoulou
D. KIT expression in fetal, normal adult, and neoplastic renal
tissues. J Clin Pathol 2004;57(5):463-6.
http://dx.doi.org/10.1136/jcp.2003.013532

PMid: 15113851 PMCid: 1770298

Simon R, Panussis S, Maurer R, Spichtin H, Glatz K, Tapia
C, Mirlacher M, Rufle A, Torhorst J, Sauter G. KIT (CD117)-
positive breast cancers are infrequent and lack KIT gene
mutations. Clin Cancer Res 2004;10(1 Pt 1):178-83.
http://dx.doi.org/10.1158/1078-0432.CCR-0597-3

PMid: 14734467

Fiegel HC, Gluer S, Roth B, Rischewski J, von Schweinitz
D, Ure B, Lambrecht W, Kluth D. Stem-like cells in human
hepatoblastoma. J Histochem Cytochem 2004;52(11):1495-
501.

http://dx.doi.org/10.1369/jhc.4A6297.2004

PMid: 15505344

Chilton-Macneill S, Ho M, Hawkins C, Gassas A, Zielenska
M, Baruchel S. C-kit expression and mutational analysis in
medulloblastoma. Pediatr Dev Pathol 2004;7(5):493-8.

31



20.

21.

22.

23.

32

Tomeczkowski J, Beilken A, Frick D, Wieland B, Konig A,
Falk MH, Reiter A,Welte K, Sykora KW. Absence of c-kit
receptor and absent proliferative response to stem cell factor
in childhood Burkitt’s lymphoma cells. Blood
1995;86(4):1469-80.

Hornick JL, Fletcher CD. Immunohistochemical staining for
KIT (CD117) in soft tissue sarcomas is very limited in distri-
bution. Am J Clin Pathol 2002;117(2):188-93.

PMid: 11865845

Shimomura M, Ikeda S, Takakura Y, Kawaguchi Y, Tokunaga
M, Takeda H, Sumitani D, Yoshimitsu M, Hinoi T, Okajima
M, Ohdan H. Gastrointestinal stromal tumors of the small
intestine in pediatric populations: a case report and literature
review. Pediatr Surg Int. 2010;26(6):649-54.
http://dx.doi.org/10.1007/s00383-010-2596-3
PMid:20407778

Pollard JA, Alonzo TA, Gerbing RB, Ho PA, Zeng R,
Ravindranath Y, Dahl G, Lacayo NJ, Becton D, Chang M,
Weinstein HJ, Hirsch B, Raimondi SC, Heerema NA, Woods

24.

25.

Izmir Dr. Behget Uz Cocuk Hast. Dergisi 2011; 1(1):26-32

WG, Lange BJ, Hurwitz C, Arceci RJ, Radich JP, Bernstein
ID, Heinrich MC, Meshinchi S. Prevalence and prognostic
significance of KIT mutations in pediatric patients with core
binding factor AML enrolled on serial pediatric cooperative
trials for de novo AML. Blood 2010;115(12):2372-9.
http://dx.doi.org/10.1182/blood-2009-09-241075
PMid:20056794 PMCid:2845895

Puputti M, Tynninen O, Pernild P, Salmi M, Jalkanen S,
Paetau A, Sihto H, Joensuu H. Expression of KIT receptor
tyrosine kinase in endothelial cells of juvenile brain tumors.
Brain Pathol 2010;20(4):763-70.

PMid:20030644 PMCid:2901521

Aplenc R, Blaney SM, Strauss LC, Balis FM, Shusterman S,
Ingle AM, Agrawal S, Sun J, Wright JJ, Adamson PC.
Pediatric phase I trial and pharmacokinetic study of dasat-
inib: a report from the children’s oncology group phase I
consortium. J Clin Oncol 2011;29(7):839-44.
http://dx.doi.org/10.1200/JC0O.2010.30.7231
PMid:21263099



