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Abstract: In this study, we evaluated C-kit immunohistochemical expression and C-kit and platelet derived growth
factor receptor A (PDGFRA) gene mutations in triple negative breast cancer. 171 cases were analyzed by immunohis-
tochemical staining for the expression of C-kit and 45 cases, including 10 C-kit negative cases and 35 C-kit positive
cases, were performed for C-kit gene mutations in exons 9, 11, 13 and 17 and PDGFRA gene mutations in exons 12
and 18. C-kit expression was detected in 42.1% of triple negative breast cancers. Only 1 activating mutation was de-
tected in exon 11 of C-kit gene in 1 case. No activating mutations were found in the other 44 cases. C-kit expression
is a frequent finding in triple negative breast cancers; 1 activating mutation which was also found in gastrointestinal

stromal tumors was detected; a few cases might benefit from imatinib.
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Introduction

Breast cancer is one of the most common
malignant diseases in women, representing
22% of all female cancers world widely [1].
Triple negative breast cancers, characterized
by lack of expression of estrogen receptor (ER),
progesterone receptor (PR) and human epider-
mal growth factor receptor 2 (HER-2), consti-
tutes a distinct subtype of breast carcinoma.
Despite advances of treatment in breast can-
cer, triple negative breast cancer is likely to
have a relatively aggressive clinical behavior
and poor outcome, and no proven molecular
targeted therapies are available for the treat-
ment of triple negative breast cancer up to now
[2, 3]

C-kit and platelet derived growth factor recep-
tor A (PDGFRA) are members of the type lll tyro-
sine kinase gene family. Gastrointestinal stro-
mal tumors (GISTs), which are the most common
mesenchymal tumors of the gastrointestinal
tract, are resistant to radiation and convention-

al chemotherapy. Most of GISTs express C-kit
protein and harbor activating mutations in
exons 9, 11, 13 and 17 of C-kit gene or exons
12, 18 of PDGFRA gene [4, 5]. In view of the
importance of C-kit and PDGFRA in GISTs, tyro-
sine kinase inhibitors, such as imatinib mesyl-
ate, have been successfully used to treat GISTs.
Up to 90% of GISTs showing C-kit expression or
mutation could benefit from imatinib mesylate
[6, 7].

Previous studies show that overexpression of
C-kit is detected in part of triple negative breast
cancer. It is hoped that triple negative breast
cancers might benefit from imatinib mesylate
[8-11]. To our knowledge, there are no reports
on the presence of C-kit and PDGFRA muta-
tions in triple negative breast cancers. The aim
of the current study was to evaluate the expres-
sion of C-kit protein and the mutations of C-kit
gene and PDGFRA gene in triple negative breast
cancers in the hopes of identifying whether the
patients could benefit from C-kit tyrosine kinase
inhibitor such as imatinib.
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Table 1. Polymerase Chain Reaction Primer Sequences and An-
nealing Temperatures

Gene/Exon Primer sequence (5'—3") Annealing temperatures
C-kit

9F ATTTATTTTCCTAGAGTAAGCCAGGG 58°C
9R ATCATGACTGATATGGTAGACAGAGC

11F CCAGAGTGCTCTAATGACTG 58°C
11R ACCCAAAAAGGTGACATGGA

13F ATCAGTTTGCCAGTTGTGCT 58°C
13R TTTATAATCTAGCATTGCC

17F TGTATTCACAGAGACTTGGC 58°C
17R GGATTTACATTATGAAAGTCA

PDGFRA

12F TCCAGTCACTGTGCTGCTTC 58°C
12R GCAAGGGAAAAGGGAGTCTT

18F ACCATGGATCAGCCAGTCTT 58°C
18R TGAAGGAGGATGAGCCTGAC

Table 2. The Results of C-kit Inmunohistochemical expression in
triple negative breast cancer

Total C-kit expression
No. Positive No. (%) Negative No. (%)

All Samples 171 72 (42.1) 99 (57.9)
Histological subtypes

Ductal Carcinoma 150 62 (41.3) 88 (58.7)

Metaplastic Carcinoma 6 5(83.3) 1(16.7)

Medullary Carcinoma 9 3(33.3) 6 (66.7)

Other Subtypes* 6 2 (33.3) 4 (66.7)

*Other subtypes include apocrine carcinoma (n = 1), invasive micropap-
illary carcinoma (n = 1), invasive lobular carcinoma (n = 2) and lipid-rich
carcinoma (n = 2). Apocrine carcinoma (n = 1) and invasive micropapil-
lary carcinoma (n = 1) was positive for C-kit while the other four cases

antigen retrieval, using citrate
buffer at pH 6.0 for 5 minutes.
After the slides were stained
with the primary antibodies
against C-kit (1:2000, DAKO
Corporation, Carpentaria, CA),
immunodetection was  per-
formed with the MaxVision Kit
(Maixin Biol, Fu Zhou, China)
with 3,3’-diaminobenzidine ch-
romogen as substrate. The
slides were then counter-
stained with Harris hematoxy-
lin. For C-kit staining status, if
more than 1% of tumor cells
were cytoplasm and/or mem-
brane staining, these cases
were defined as positive for
C-kit.

C-kit gene mutation analysis

Genomic DNA was extracted
and purified from paraffin wax
embedded blocks with a com-
mercially available kit (E.Z.N.A.
Tissue DNA Kit; Omega Bio-Tek,
Doraville, GA) according to the
protocols of manufacturers.
Polymerase chain reactions
(PCR) were designed and DNA
was subjected to PCR amplifica-
tion of exons 9, 11, 13 and 17
of the C-kit gene and exons 12
and 18 of PDGFRA gene. Primer
sequences are shown in Table

were negative for C-kit.

Materials and methods
Cases selection

The patients diagnosed as primary breast can-
cer admitted to Nanjing lJinling Hospital
between 2002 and 2010 were reviewed by 2
professional pathologists. All the cases recog-
nized as triple negative breast cancer were
reviewed to identify the histological subtypes of
these tumors.

Immunohistochemistry
Paraffin sections were cut at 4-um thickness,

deparaffinized with xylene, and rehydrated. The
slides were then subjected to pressure cooker
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1. Direct sequencing of all the

PCR products were performed
using ABI BigDye Terminator v3.1 Cycling Kits
(AB Applied Biosystems, Carlsbad, CA) and an
ABI 3130xI sequencer (AB Applied Biosystems)
following the manufacturer’s protocols. Sequen-
cing was performed twice for each sample to
avoid the possibility of PCR fidelity artefacts
and carried out in both directions. Every case
with observed mutation would identify the
mutational status of its normal tissue.

Results

171 patients in this research, including 2 male
patient, with an overall mean age of 45 years
(range 24 to 80 years), were classified as triple
negative breast cancers account for 16.8% of
all breast cancers. For histological subtypes
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Figure 1. A. The histological feature of triple negative breast cancers (x 200); B. Membranous and stromal expres-

sion of C-kit in a triple negative breast cancer (x 200).

(Table 2), these cases included invasive ductal
carcinoma (150/171, 87.7%), metaplastic carci-
noma (6/171, 3.5%), medullary carcinoma
(9/171, 5.3%), apocrine carcinoma (1/171,
0.6%), invasive micropapillary carcinoma
(1/171, 0.6%), invasive lobular carcinoma
(2/171, 1.2%) and lipid-rich carcinoma (2/171,
1.2%). 72 cases were positive for C-kit (Figure
1), included invasive ductal carcinoma (62/72,
86.1%), metaplastic carcinoma (5/72, 6.9%),
medullary carcinoma (3/72, 4.2%), apocrine
carcinoma (1/72, 1.4%) and invasive micropap-
illary carcinoma (1/72, 1.4%). 99 cases were
negative for C-kit. A subset of 10 C-kit negative
cases and 35 C-kit positive cases were select-
ed for DNA extraction and gene mutation analy-
sis. Sequencing of exons 9, 11, 13 and 17 of
C-kit gene and exons 12 and 18 of PDGFRA
gene only revealed 1829 T > C alteration in
exon 11 of C-kit gene in 1 case (Figure 2), with
a predicted missense substitution of valine by
alanine. The patient with mutational activation
of C-kit gene was a 42-year-old Chinese female,
diagnosed as invasive ductal carcinoma in his-
tological grade lll. No activating mutations of
exons 9, 11, 13, and 17 in C-kit gene and exons
12 and 18 in PDGFRA gene were found in nor-
mal tissue of this case and the other 44 cases.

Discussion

Triple negative breast cancers, associated with
high grade, poor prognosis and young patient
age, are negative for ER, PR and Her-2 and can
not be treated with the current molecular tar-
geted therapy of breast cancer, such as anties-
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trogen hormonal therapies or trastuzumab [2,
3]. C-kit, in consideration of overexpression in
triple negative breast cancer, is one of the hot
therapeutic targets in the present researches.

Several studies have investigated the expres-
sion of C-kit protein in breast tumors. Simon et
al. reported that only 2.1% of ductal carcino-
mas and 0.5% of lobular carcinomas expressed
C-kit while 19.1% of medullary carcinomas
expressed C-kit [12]. It has been frequently
reported that C-kit is expressed in 11-22.7% of
basal-like breast cancers as a subtype which
lack expression of ER, PR and Her-2 [8-10]. The
results of our current study showed that 41.7%
of the triple negative breast cancers were posi-
tive for C-kit. The discrepancy might be due to
the use of different antibodies, staining proto-
cols, and scoring method.

From the above discussion, it would appear
that C-kit overexpression was detected in about
40% of triple negative breast cancers. The
overexpression of C-kit in triple negative breast
cancer implied that these cases might poten-
tially be treated with tyrosine kinase receptor
inhibitors imatinib mesylate. However, only 1
activating mutation in exon 11 of C-kit gene
was found while no activating mutations were
found in the other 44 cases, similar to a small
sample in that no C-kit mutations were found in
exons 2, 8, 9, 11, 13 and 17 in the set of 10
cases showing intense C-kit staining [12]. The
results indicated that the overexpression of
C-kit protein in triple negative breast cancer
lacked relation with activating mutations of
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Figure 2. Forward/reverse sequencing chromatograms for mutation identified in exon 11 of C-kit gene in tumor and
matched normal samples. The nucleotide change is 1829 T > C that would lead to substitution of alanine for valine.

C-kit and PDGFRA. Except for triple negative
breast cancer, C-kit expression was found fre-
quently in primary pulmonary adenoid cystic
carcinoma with absence of C-kit activating
mutations [13] and C-kit expression was a fre-
quent finding in phyllodes tumors while only 1
silent germline point mutation was detected
[14]. Indeed, with the exceptions of the GISTs,
there is a lack of correlation between C-kit acti-
vating mutations and C-kit expression in multi-
ple types of tumors [15].

Imatinib, the first developed molecular targeted
agent for chronic myelogenous leukemia (CML)
and GISTs, inhibits not only Ber-Abl kinases but
also C-kit and platelet derived growth factor
receptor (PDGFR) [16, 17]. Previous studies
have shown that the response to the treatment
of imatinib have a closer relationship with the
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mutational activation of C-kit gene but not with
the expression of C-kit protein [18-20]. If this is
true, the 44 cases without activating mutations
of C-kit gene or PDGFRA gene might not benefit
from imatinib. This is in agreement with the
research in that imatinib could enhance the
malignant behavior of human breast carcinoma
cells in vitro [21]. A clinical trial also indicated
that imatinib, as a single agent, had no clinical
activity in metastatic breast cancers [22]. It
can be seen that imatinib mesylate might not
provide any benefit for most of the triple nega-
tive breast cancer patients. However, 1 mis-
sense mutation in exon 11 of C-kit gene, which
is also found in GISTs, was detected in our
series [4]. This is a 42-year-old Chinese female
patient diagnosed as invasive ductal carcino-
ma in grade lll, with no special clinicopathologi-
cal features. Because this patient harbored an
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activating mutation and might achieve a
response to treatment with imatinib, it suggest-
ed that the patients showing C-kit stromal and/
or membranous staining in immunohistochem-
istry would better do gene mutation analysis for
the hope of identifying the cases that might
benefit from imatinib although this amount
might be very small. Actually, we have also rec-
ognized that our relatively small sample for
gene mutation analysis of C-kit gene may have
influenced our results. Therefore, further inves-
tigations, on a larger and more heterogeneous
population, should be carried out to validate
and extend our results to ensure what type of
breast cancer might harbor activating mutation
of C-kit gene.

Dasatinib, a novel orally active small molecular
targeting agent inhibiting of both the src and
abl kinases in the treatment of imatinib-resis-
tant Philadelphia Chromosome-positive leuke-
mias [23], has captured attention. Finn et al.
showed that dasatinib selectively inhibited
growth of basal-type/triple-negative breast
cancer cell lines growing in vitro [24]. Lombardo
et al. showed that dasatinib not only inhibited
the src and abl kinases but also inhibited C-kit
[25]. Dasatinib may be a potential molecular
targeted drug for C-kit positive triple negative
breast cancers. The effect of Dasatinib in triple
negative breast cancers needs further resear-
ch.

In conclusion, we have shown that 42.1% of tri-
ple negative breast cancers express C-kit pro-
tein; 1 activating mutation was detected in our
series; the expression of C-kit in triple negative
breast cancer lacked correlation with activating
mutations in C-kit and PDGFRA gene; and that
a few patients may achieve a response to C-kit
tyrosine kinase inhibitor such as imatinib.
Further research is required to investigate the
potential effect of dasatinib on triple negative
breast cancers expressing C-kit and PDGFRA in
clinical trials.
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