
Abstract. Background: c-kit expression by immunohistochemistry
has been utilized to identify cancer patients who can be treated with
imatinib-mesylate. In gastrointestinal stromal tumors (GISTs), an
activating mutation in c-kit predicts treatment response; its
presence in other soft tissue tumors is unexplored. Materials and
Methods: We evaluated seven cases of dedifferentiated
liposarcomas (DDLS) and compared those with seven well-
differentiated liposarcomas (WDLS). Immunohistochemical
staining for c-kit was performed using a polyclonal antibody. Using
PCR, exons 9, 10-11, 12-13 and 17 of c-kit were amplified and
direct DNA sequencing performed. Results: Two out of 7 (30%)
DDLS showed focal weak immunoreactivity with c-kit; no (0%)
WDLS stained with c-kit. Seven out of 7 (100%) DDLS showed
an allelic variation in exon 10, with a single base pair substitution
(A>C) at codon 541; 3/7 (43%) WDLS showed the same change.
Conclusion: c-kit immunoreactivity did not correlate with the
change in DNA sequence; DDLS showed a consistent allelic
variation in c-kit that may have significant prognostic, diagnostic
and therapeutic implications.

c-kit is a proto-oncogene located on the long arm of

chromosome 4 (1) and encodes a transmembrane glycoprotein

(2, 3) with a tyrosine kinase domain. It is essential for

hematopoiesis (4), spermatogenesis (5), melanogenesis (6)

and gut motility (pacemaker cells) (7). It plays an important

role in cell proliferation, differentiation, apoptosis and

adhesion (8). Upon binding its ligand, stem cell factor (SCF),

c-kit forms an active dimer that autophosphorylates itself and

activates a signaling cascade that induces cell growth (9, 10). 

c-kit is associated with several highly malignant tumors and

has been extensively studied in gastrointestinal stromal tumors

(GISTs) (11), dermatofibrosarcoma protuberans (12) and

mastocytosis (13, 14). Imatinib-mesylate is a small molecular

weight signal transduction inhibitor that blocks the tyrosine

kinase activity of c-kit. It has been successfully used to treat

GISTs and chronic myelogenous leukemia (15). The efficacy

of this agent in other tumors is being studied. An important

question is whether other tumors will respond to this therapy.

Using immunohistochemistry alone to decide treatment may

be misleading. For example, although most GISTs are

immunoreactive with c-kit, only half of those have mutations

in the c-kit gene (16). It has also been shown that

responsiveness to imatinib-mesylate depends on the location

of the c-kit or PDGFRA mutation (17). Bauer et al. (18) have

reported a case with metastatic GIST who responded well to

imatinib-mesylate treatment, despite the near absence of c-kit

expression in two different samples of his tumor, although an

in-frame deletion in c-kit exon 11 was seen.

The expression of c-kit by immunohistochemistry has

been studied in many soft tissue tumors and other

malignancies; however, mutational analysis has not been

performed in most of these. There is little data on c-kit

expression in liposarcomas and no report is available on

genetic analysis of these tumors. This study evaluated c-kit

expression in dedifferentiated liposarcomas with

comparison to well-differentiated (adipocytic) liposarcomas

and examined the integrity of c-kit using direct sequencing

of the gene after PCR amplification.

Materials and Methods

We selected seven cases each of dedifferentiated and well-

differentiated (adipocytic) liposarcomas from the archives at the

Department of Pathology, University of Colorado Health Sciences

Center, USA, between 1992 and 2003. A summary of cases with

dedifferentiated liposarcomas and well-differentiated liposarcomas

is given in Tables I and II, respectively.

Immunohistochemistry. Immunohistochemical analysis was

performed using 4-micron-thick sections of formalin-fixed paraffin-
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embedded tissue. For antigen retrieval, the sections were

pretreated and pressure cooked with buffer (pH 9.6) for 20

minutes. The antibody used was polyclonal anti-human antibody

c-kit (DAKO, A4502, Carpenteria, CA, USA) at 1:200 dilution for

28 minutes. Slides were developed using Enhanced Dab detection

kit (Ventana, Tucson, AZ, USA) with avidin-biotin blocker on an

autostainer (Benchmark XT automated Ventana IHC stainer).

Slides were then counterstained with Gill’s hematoxylin,

dehydrated and coverslipped with mounting media. The staining

was scored as focal or diffuse and an arbitrary score of intensity as

weak, moderate or strong was given. GIST tumor sections were

used as controls.

DNA extraction. Ten-micron-thick sections were cut from paraffin

blocks and deparaffinized in xylene followed by dehydration in

alcohol (100%, 95%, 70%). DNA was isolated using the DNeasy

kit (Qiagen, Valencia, CA, USA), essentially as suggested by the

manufacturer except for the addition of an overnight incubation at

55ÆC in proteinase K.

PCR amplification. The sequence of the PCR primers used to

amplify exons 9,10-11,12-13, and 17 of c-kit is listed in Table III.

Conditions for PCR amplification were a 10-minute activation

period for AmpliTaq Gold and DNA denaturation at 95ÆC, 14

cycles of 95ÆC for 30 seconds, touchdown 65ÆC - 58ÆC for 45

seconds, and 72ÆC for one minute were followed by 25 cycles of

95ÆC for 30 seconds, 58ÆC for 45 seconds and 72ÆC for one

minute, with a final extension period at 72ÆC for ten minutes.

DNA sequencing. Amplified products were sequenced at the

UCHSC sequencing core. Sequencing was done by the dye-

terminator fluorescent method on an ABI 3730 DNA Sequence

Analyzer (Applied Biosystems, Foster City, CA, USA). Sequencing

was conducted in both the forward and reverse direction. Results

were then analyzed using BLAST (National Center for

Biotechnology Information) software.

Results

The hematoxylin and eosin-stained sections of

dedifferentiated liposarcomas (Figure 1A) showed variable

morphology. All of the cases had some areas of myxoid

background with scattered lipoblasts and arcuate

vasculature. The dedifferentiated areas, appeared as non-

lipogenic high-grade sarcomatous areas characterized by

spindle cells with scant cytoplasm and round to ovoid

nuclei with irregular contours and small to large prominent

nucleoli. Scattered large malignant giant cells were present

in the dedifferentiated zones in almost all the cases. Easily
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Table I. Summary of patients with dedifferentiated liposarcomas.

Case# Age/ Site Size c-kit by c-kit

Sex IHC DNA 

sequence

change

1. 50y/M Retroperitoneum 20 cm Negative Exon 10*

2. 55y/F Retroperitoneum 20 cm Negative Exon 10*

3. 38y/F Retroperitoneum 23 cm Negative Exon 10*

4. 31y/M Retroperitoneum 25 cm Negative Exon 10*

5. 91y/M Thigh 15 cm Negative Exon 10*

6. 49y/M Supraclavicular 5 cm Focal + Exon 10*

7. 62y/M Retroperitoneum 45 cm Focal + Exon 10*

IHC- Immunohistochemistry, *A>C at codon 541

Table II. Summary of patients with well-differentiated liposarcomas.

Case# Age/ Site Size c-kit by c-kit

Sex IHC DNA 

sequence

change

1. 54y/M Retroperitoneum 27 cm Negative No change

2. 61y/M Abdominal wall 10 cm Negative No change

3. 56y/M Thigh 8.8 cm Negative No change

4. 69y/F Thigh 23 cm Negative Exon 10*

5. 43y/M Retroperitoneum 38 cm Negative Exon 10*

6. 77y/F Retroperitoneum 25 cm Negative No change

7. 66y/M Retroperitoneum 25 cm Negative Exon 10*

IHC- Immuhnohistochemistry, *A>C at codon 541

Table III. Sequence of PCR primers used to amplify c-kit.

Primer name Oligonucleotide

c-Kit Exon 9 Forward 5’ ATTTATTTTCCTAGAGTAAGC

CAGGG

c-Kit Exon 9 Reverse 3’ ATCATGACTGATATGGTAGA

CAGAGC

c-Kit Exon 10-11 Forward 5’ TCTGAGACTCACATAGCTTTG

CATCC

c-Kit Exon 10-11 Reverse 3’ CACAGAAAACTCATTGTTTCA

GGTGG

c-Kit Exon 12-13 Forward 5’ ATTTTGAAACTGCACAAATG

GTCCT

c-Kit Exon 12-13 Reverse 3’ GCAAGAGAGAACAACAGTCT

GGGTAA

c-Kit Exon 17 Forward 5’ GTGTATTCACAGAGACTTG

GCAG

c-Kit Exon 17 Reverse 3’GGACTGTCAAGCAGAGAATGG



identifiable mitotic figures, occasionally atypical, were seen

in the dedifferentiated areas and the mitotic rate varied

from five to fifteen mitoses per ten high-power fields. 

The well-differentiated adipocytic liposarcomas (Figure

1B) appeared as sheets of variably sized mature

adipocytes with vacuolated cytoplasm and eccentrically

pushed nuclei. Scattered few multivacuolated lipoblasts

with crenated hyperchromatic nuclei were identified in

some of the cases. 

Immunohistochemistry. Two out of seven (28%)

dedifferentiated liposarcomas showed focal weak

cytoplasmic staining with c-kit in scattered tumor cells

(Figure 1C) comprising less than 5% of the cells. None

of the seven (0%) well-differentiated liposarcomas

showed any staining with c-kit. Mast cells in the sections

served as internal controls and showed strong granular

membranous staining. 
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Figure 1. A. An example of a dedifferentiated liposarcoma from our cases
showing high-grade sarcomatous area with mitoses. (Hematoxylin &
Eosin, 400x). B. An example of a well-differentiated liposarcoma from our
cases with variably sized mature adipocytes and a lipoblast (arrow).
(Hematoxylin & Eosin, 400x). C. Focal weak immunoreactivity with
polyclonal c-kit antibody in a dedifferentiated liposarcoma. (400x).

Figure 2. Electropherogram of amplified exon 10 from a dedifferentiated
liposarcoma. There is a single base pair substitution A>C at codon 541
(shown by arrow) in one allele.



Genetic analysis. Genomic DNA was used to sequence exons

9,10-11, 12-13 and 17 of the c-kit gene using the PCR

primers shown in Table III. Exons were amplified and

sequenced from the fourteen tumors studied. No mutations

or base pair changes were found except in exon 10. Seven

out of seven (100%) dedifferentiated liposarcomas had a

single base pair change in one allele in the transmembrane

domain of c-kit (exon 10). Sequence analysis showed that

this was a single base pair substitution at codon 541 from

adenine to cytosine(A>C). The electropherogram depicting

this change is shown in Figure 2. The resultant protein

change was from methionine to leucine. The change found

was identified in all the dedifferentiated liposarcomas. In

addition, three out of seven (43%) well-differentiated

liposarcomas had the same base pair change. As controls,

we also sequenced exon 10 in other malignancies that

included twenty GISTs, one melanoma and four normal

tissues from our data bank. This same change was seen in

four out of twenty GISTs, one melanoma and one out of

four normal tissues. Normal tissue from our cases was not

available for sequencing.

Discussion

Dedifferentiated liposarcomas are characterized by the

tendency to recur locally in at least 40% of cases. These can

arise de novo in about 90%, while 10% occur in recurrences

(19). Aggressive surgical resection is the main treatment

modality (20) in these cases; adjuvant radiation and

chemotherapy are considered in non-resectable or recurrent

cases. Recently, imitanib-mesylate has become widely used

in managing these tumors. At this point, little has been

reported about the efficacy of imitanib in treating

liposarcomas. As noted earlier, knowing the mutational

status of the c-kit gene in the tumors is more important than

just immunoreactivity to manage these patients effectively.

Our study looked into the c-kit gene status in these tumors,

however, additional studies will be required to investigate

the treatment response of imatinib-mesylate in these tumors.

There have been many reports in the literature that assess

the immunohistochemical status of c-kit in soft tissue

tumors; however, there have been very few reports on the

status of the c-kit gene in these tumors.

Hornick et al. (21) performed immunohistochemical stains

for c-kit expression in 365 soft tissue tumors that included ten

dedifferentiated liposarcomas. None of the dedifferentiated

liposarcomas showed any staining with the polyclonal (A4502;

no antigen retrieval) antibody. Their conclusion was that

immunohistochemical staining of c-kit was seen in a limited

number of soft tissue tumors and its diagnostic utility in

tumors other that GISTs is limited. They also pointed out

later (22) that immunohistochemical techniques, as well as

interpretation criteria, should be standardized.

Went et al. (23) did a large study consisting of 3000

tumors of 120 tumor categories that included various solid

tumors and performed mutational analysis of c-kit on only

those tumors that expressed c-kit by immuno-

histochemistry. They concluded that c-kit activating

mutations in exon11 were seen in only 50% of the GISTs

and one of two kit-expressing melanomas, however no

mutational analysis was performed in tumors negative for

c-kit by immunohistochemistry. Hou et al. (16) and

Wardelmann et al. (24) have also reported that c-kit

mutations in exon 11 are seen more commonly in malignant

GISTs as compared to benign GISTs.

The results of the study performed by Smithey et al. (25) on

pediatric soft tissue tumors showed strong c-kit

immunoreactivity in synovial sarcomas, osteosarcomas and

Ewing’s sarcomas; however, no mutational analysis was

performed in the positively- or the negatively- staining tumors.

Fiorentini et al. (26) reported a case of retroperitoneal

liposarcoma with positive c-kit staining who was treated with

imatinib-mesylate and showed considerable improvement.

No mutational analysis was performed in this case.

Miettinen et al. (27) also performed immunohistochemical

analysis of GISTs and other tumors and saw focal weak

immunoreactivity with c-kit in liposarcomas.

We have reached similar conclusions to others about

immunoreactivity with c-kit and found it to be weak and

focal in the dedifferentiated liposarcomas, precluding its

diagnostic utility. Further, we believe that relying on the

immunohiostochemical results for initiating therapy with

imatinib-mesylate should only be done with caution. Ours is

the first study to examine in detail the integrity the of 

c-kit gene in dedifferentiated liposarcomas. In our study,

however, we found a single base pair substitution in exon 10

of the c-kit gene (transmembrane domain) in these tumors.

We could find no correlation between c-kit expression by

immunohistochemistry and this genetic change.

The single nucleotide polymorphism (SNP) at codon 541

from A>C at nucleotide 1642 with the amino acid change

from methionine to leucine has previously been reported by

Nagata et al. (28). In their report, this SNP was found to

occur with a frequency of 9% in sixty-four unrelated healthy

subjects. They also analysed two generations with this

polymorphism and suggested that this SNP does not result

in disease. Yavuz et al. (29) also reported this and another

polymorphism in the c-kit gene. This second SNP

(81517C>T) in intron 17 was found to be similar in patients

with mastocytosis and in healthy subjects.

The frequency of this base pair change A>C in the SNP

database is, however, apparently less than that found by

Nagata’s group. Indeed, no figure is given, although it is

noted that A>G at this site has a frequency of 0.1% while

the presumed wild-type ‘AA’ allele represents 99.9% in the

general population.
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Inheritance of ‘loss of function’, another polymorphic

mutation at position 1513A>C in the P2X7 gene, has

been shown to contribute to the pathogenesis of chronic

lymphoid leukemia (30). Activation of the P2X7 receptor

is an important mechanism of apoptosis in the cells of the

immune system. The presence of one inactive allele

reduces the function of the gene by half, and two inactive

alleles abolish the function. It is also known that SNPs can

affect susceptibility to diseases. The fact that this

polymorphism was found in all seven dedifferentiated

liposarcomas and only in a small percentage of controls

has led us to conclude that this may be a marker of

dedifferentiation. As noted previously, 10% of

dedifferentiated liposarcomas arise in recurrent well-

differentiated liposarcomas and the presence of this same

SNP in 43% of well-differentiated liposarcomas in our

series may throw some more light on the natural history

of these tumors and may better predict those well-

differentiated liposarcomas that may dedifferentiate.

Whether this is a germline or somatic polymorphism

needs to be determined by more studies in these patients.

Large studies are required to see if this genetic change is

an activating mutation and if these tumors would respond

to imatinib- mesylate therapy.

Acknowledgements

The DNA samples were sequenced by the University of Colorado

Cancer Center DNA Sequencing & Analysis Core, which is

supported by the NIH/NCI Cancer Core Support Grant (P30

CA046934-17), USA.

References

1 d’Auriol L, Mattei MG, Andre C and Galibert F: Localization

of the human c-kit protooncogene on the q11-q12 region of

chromosome 4. Hum Genet 78(4): 374-376, 1988.

2 Yarden Y, Kuang WJ, Yang-Feng T, Coussens L, Munemitsu

S, Dull TJ, ChenE, Schlessinger J, Francke U and Ullrich A:

Human proto-oncogene c-kit: a new cell surface receptor

tyrosine kinase for an unidentified ligand. EMBO J 6(11): 3341-

3351, 1987.

3 Qiu FH, Ray P, Brown K, Barker PE, Jhanwar S, Ruddle FH

and Besmer P: Primary structure of c-kit: relationship with the

CSF-1/PDGF receptor kinase family-oncogenic activation of v-

kit involves deletion of extracellular domain and C terminus.

EMBO J 7(4): 1003-1011, 1988.

4 Ogawa M, Matsuzaki Y, Nishikawa S, Hayashi S, Kunisada T,

Sudo T, Kina T, Nakauchi H and Nishikawa S: Expression and

function of c-kit in hemopoietic progenitor cells. J Exp Med

174(1): 63-71, 1991.

5 Loveland KL and Schlatt S: Stem cell factor and c-kit in the

mammalian testis: lessons originating from mother nature’s

gene knockouts. J Endocrinol 153: 337-344, 1997.

6 Galli SJ, Tsai M and Wershil BK: The c-kit receptor, stem cell

factor, and mast cells. What each is teaching us about others.

Am J Pathol 142(4): 965-974, 1993.

7 Maeda H, Yamagata A, Nishikawa S, Yoshinaga K, Kobayashi

S, Nishi K and Nishikawa S: Requirement of c-kit for

development of intestinal pacemaker system. Development

116(2): 369-375, 1992.

8 Hussein MR, Haemel AK and Wood GS: Apoptosis and

melanoma: molecular mechanisms. J Pathol 199(3): 275-288,

2003.

9 Vliagoftis H, Worobec AS and Metcalfe DD: The

protooncogene c-kit and c-kit ligand in human disease. J

Allergy Clin Immunol 100(4): 435-440, 1997.

10 Mol CD, Lim KB, Sridhar V, Zou H, Chien EY, Sang BC,

Nowakowski J, Kassel DB, Cronin CN and McRee DE:

Structure of a c-kit product complex reveals the basis for kinase

transactivation. J Biol Chem 278(34): 31461-31464, 2003.

11 Hirota S, Isozaki K, Moriyama Y, Hashimoto K, Nishida T,

Ishiguro S, Kawano K, Hanada M, Kurata A, Takeda M,

Muhammad Tunio G, Matsuzawa Y, Kanakura Y, Shinomura

Y and Kitamura Y: Gain-of-function mutations of c-kit in

human gastrointestinal stromal tumors. Science 279(5350): 577-

580, 1998.

12 Shimizu A, O'Brien KP, Sjoblom T, Pietras K, Buchdunger E,

Collins VP, Heldin CH, Dumanski JP and Ostman A: The

dermatofibrosarcoma protuberans-associated collagen type

Ialpha1/platelet-derived growth factor (PDGF) B-chain fusion

gene generates a transforming protein that is processed to

functional PDGF-BB. Cancer Res 59(15): 3719-3723, 1999.

13 Nagata H, Worobec AS, Oh CK, Chowdhury BA, Tannenbaum

S, Suzuki Y and Metcalfe DD: Identification of a point

mutation in the catalytic domain of the protooncogene c-kit in

peripheral blood mononuclear cells of patients who have

mastocytosis with an associated hematologic disorder. Proc Natl

Acad Sci USA 92(23): 10560-10564, 1995.

14 Arber DA, Tamayo R and Weiss LM: Paraffin section detection

of the c-kit gene product (CD117) in human tissues: value in the

diagnosis of mast cell disorders. Hum Pathol 29(5): 498-504, 1998.

15 Akin C and Metcalfe DD: The biology of kit in disease and the

application of pharmacogenetics. J Allergy Clin Immunol 114:

13-19, 2004.

16 Hou YY, Tan YS, Sun MH, Wei YK, Xu JF, Lu SH, A-Ke-Su SJ,

Zhou YN, Gao F, Zheng AH, Zhang TM, Hou WZ, Wang J, Du

X and Zhu XZ: C-kit gene mutation in human gastrointestinal

stromal tumors. World J Gastroenterol 10(9): 1310-1314, 2004.

17 Corless CL, Fletcher JA and Heinrich MC: Biology of

gastrointestinal stromal tumors. J Clin Oncol 22(18): 3813-

3825, 2004 .

18 Bauer S, Corless CL, Heinrich MC, Dirsch O, Antoch G, Kanja

J, Seeber S and Schutte J: Response to imatinib mesylate of a

gastrointestinal stromal tumor with very low expression of KIT.

Cancer Chemother Pharmacol 51(3): 261-265, 2003 .

19 Dei Tos AP and Pedeutour F: Dedifferentiated liposarcoma. In:
Pathology and Genetics of the Tumors of Soft Tissue and Bones

(World Health Organization classification of tumors; Fletcher

CDM, Unni KK, Mertens F, eds). Lyon: IARC, pp. 38-39, 2002.

20 Fotiadis C, Zografos GN, Karatzas G, Papachristodoulou A and

Sechas MN: Recurrent liposarcomas of the abdomen and

retroperitoneum: three case reports. Anticancer Res 20: 579-

584, 2000.

21 Hornick JL and Fletcher CDM: Immunohistochemical staining

for kit (CD117) in soft tissue sarcomas is very limited in

distribution. Am J Clin Pathol 117: 188-193, 2002.

Tayal et al: c-kit in Dedifferentiated Liposarcomas

2219



22 Hornick JL and Fletcher CDM: Validating immunohistochemical

staining for KIT (CD117). Am J Clin Pathol 119: 325-327, 2003.

23 Went PT, Dirnhofer S, Bundi M, Mirlacher M, Schraml P,

Mangialaio S, Dimitrijevic S, Kononen J, Lugli A, Simon R and

Sauter G: Prevalence of KIT expression in human tumors. J

Clin Oncol 22(22): 4514-4522, 2004.

24 Wardelmann E, Hrychyk A, Merkelbach-Bruse S, Pauls K,

Goldstein J, Hohenberger P, Losen I, Manegold C, Buttner R

and Pietsch T: Association of platelet-derived growth factor

receptor alpha mutations with gastric primary site and

epithelioid or mixed cell morphology in gastrointestinal stromal

tumors. J Mol Diagn 6(3): 197-204, 2004.

25 Smithey BE, Pappo AS and Hill DA: c-kit expression in

pediatric solid tumors: a comparative immunohistochemical

study. Am J Surg Pathol 26(4): 486-492, 2002.

26 Fiorentini G, Rossi S, Lanzanova G, Bernardeschi P, Dentico

P and De Giorgi U: Potential use of imatinib mesylate in ocular

melanoma and liposarcoma expressing immunohistochemical c-

KIT (CD117). Ann Oncol 14(5): 805, 2003.

27 Miettinen M, Sobin LH and Sarlomo-Rikala M: Immuno-

histochemical spectrum of GISTs at different sites and their

differential diagnosis with a reference to CD117 (KIT). Mod

Pathol 13(10): 1134-1142, 2000.

28 Nagata H, Worobec AS and Metcalfe DD: Identification of a

polymorphism in the transmembrane domain of the proto-

oncogene c-kit in healthy subjects. Exp Clin Immunogenet 13(3-
4): 210-214, 1996.

29 Yavuz AS, Lipsky PE, Yavuz S, Metcalfe DD and Akin C:

Evidence for the involvement of a hematopoietic progenitor cell

in systemic mastocytosis from single-cell analysis of mutations

in the c-kit gene. Blood 100(2): 661-665, 2002.

30 Wiley JS, Dao-Ung LP, Gu BJ, Sluyter R, Shemon AN, Li C,

Taper J, Gallo J and Manoharan A: A loss-of-function

polymorphic mutation in the cytolytic P2X7 receptor gene and

chronic lymphocytic leukaemia: a molecular study. Lancet

359(9312): 1114-1119, 2002.

Received March 7, 2005
Accepted March 21, 2005

ANTICANCER RESEARCH 25: 2215-2220 (2005)

2220


