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No detection of c-kit gene mutations in exons 9, 11, 13 and 17 and low 
CD117 expression in plaque-stage mycosis fungoides*
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Abstract: The growth factor receptor c-kit (CD117) is expressed in immature T-cells and in some advanced forms of mycosis 
fungoides. c-kit gene mutation results in unrestricted neoplastic proliferation. We aimed to detect by PCR the most frequent 
exon mutations in seventeen plaque-stage MF patients, in their perilesional skin and in healthy skin donors. We secondarily 
evaluated CD117 expression by immunohistochemistry in plaque-stage and tumor-stage MF. We detected no mutation in c-kit 
gene and low CD117 expression was confirmed on atypical cells in one patient. Complete c-kit exon and intron sequences 
should be assessed and more sensitive sequencing method could be also applied. 
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Mycosis fungoides (MF) is the most common type of prima-
ry cutaneous T-cell lymphoma (CTCL). The underlying molecular 
events are poorly understood; however, genomic and chromosom-
al instability are common features in CTCL. Classification of early 
(ES-MF) and advanced MF depends on clinical and histologic cri-
teria, along with blood involvement and metastatic disease. First-
line therapies for ES-MF are topical steroids, psoralen plus UVA or 
narrowband UVB phototherapy. The prognosis of MF may worsen 
when atypical T-cells develop a more malignant phenotype under 
an immunosuppressive microenvironment.1-3 

CD117 or c-kit is a growth factor receptor with tyrosine ki-
nase activity embedded in the plasma membrane. The c-kit gene is 
located on chromosome 4q12 and includes 21 exons. C-KIT partic-
ipates in skin pigmentation, survival of bone marrow stem cells, 
T-cells and mast cells development, spermatogenesis, steroidogen-
esis, angiogenesis and electrical pacemaker in the gastrointestinal
tract. c-kit gene sequence variations were found in gastrointestinal
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stromal tumors (GIST), mucosal and acral lentiginous melanoma, 
mastocytosis, germ cell tumors and adult acute myeloid leukemia. 
In particular, mutations in exons 9, 11, 13 and 17 activate c-kit con-
stitutively, leading to an unrestricted tumor cell proliferation. Al-
though Brauns et al. described CD117 expression in 27% MF, 50% 
MF with transformation to a large T-cell lymphoma and 60% Sézary 
syndrome, so far there are no publications related to c-kit gene mu-
tations in MF. 4-6

The purpose of this study was to assess the presence of c-kit 
gene mutations in exons 9, 11, 13 and 17 in plaque-stage ES-MF skin, 
and in apparently normal perilesional skin and healthy skin sam-
ples as control. Our secondary objective was to assess the expression 
of CD117 by immunohistochemistry (IHC) on those plaque-stage 
ES-MF patients.

We conducted a prospective case-control study at “Hospi-
tal Italiano de Buenos Aires”, Argentina. Our local ethics commit-
tee approved both the study protocol (number 2199, act 6, page 10, 



dated Dec. 26, 2013) and the informed consent, and we adhered 
to the ethical principles of the Helsinki Declaration, ethical codes 
of ANMAT 5330/07 disposition and guidelines for Good Clinical 
Practice ICH E6. We obtained the informed consent of every patient 
included in this protocol. The sample size was determined using 
software GPower V 3.1.7, with a minimum size of 51 patients, dis-
tributed in 17 plaque-stage ES-MF patients and 34 healthy patients. 
Eligible MF patients older than 18 years were included according to 
the WHO-EORTC criteria. Material and methods are summarized 
in chart 1. 2,7

We recruited 17 patients with plaque-stage ES-MF and 34 
normal skin samples from non-skin cancer patients. Mean age of 
MF patients was 65.4 years (+/- 28 years), a sex ratio male: female 
of 14:3 and the disease staging during protocol was n=3 (IA) and 
n=14 (IB). DNA amplification for c-kit gene exons 9, 11, 13, 17 by 
PCR was performed in all samples (34 healthy skin, 17 plaque-stage 
ES-MF, and 17 perilesional skin). DNA amplification in exon 9 was 
not achieved in patient 12, even though PCR conditions were mod-
ified. The rest of the samples showed 100% nucleotide homology, 
compared to NCBI reference sequence. Regarding CD117 staining, 
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FIgure 1: A - Patient 12 with plaque-
-stage MF on right knee, previous 
skin biopsies for PCR. B - Nine mon-
ths later, the same patient developed 
an ulcerated tumor on right knee. 
C - CD117 immunohistochemistry: 
normal skin with low-staining me-
lanocytes and high-staining dermal 
dendritic cells x20; D - Plaque sta-
ge MF with non-staining atypical 
T-cells x10; E - Plaque stage MF with 
low-staining atypical lymphocytes 
in dermis x10 (Patient 12)
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chart 1: Material and methods 

Skin samples: Two 4mm punch biopsies: one from plaque-MF, one from the apparently healthy perilesional skin. Excess healthy skin 
samples from non-cancer surgeries.

DNA extraction and purification: QIAamp® DNA Mini Kit 250 (catalog number 51306) in accordance to manufacturer’s catalog specifica-
tions.

Gene amplification by PCR for exons 9, 11, 13 and 17 of c-kit gene: specific flanking primers and “AB Applied Biosystems 2720” thermal 
cycler.7 

DNA standard sequencing by Sanger method with Applied Biosystems 3730xl DNA Analyzer (Macrogen®, South Korea). 

DNA sequence alignment with NCBI Reference Sequence Database, employing online Basic Local Alignment Search Tool (Blast, https://
blast.ncbi.nlm.nih.gov/) and SeqMan NGen version 12.0 for multiple sequence alignment. 

CD117 expression IHC: automated immunostainer Ventana Benchmark XT® and XT ultraview DAB detection kit (Ventana Medical 
Systems®, Tucson, AZ). 

IHC samples: 7 plaque-stage ES-MF, 4 tumor-stage MF, one GIST as a positive control.
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GIST positive control and all biopsies showed normal CD117+ cells, 
melanocytes and dendritic cells. Patient 12 showed a low expression 
of CD117+ in dermal atypical T-cells and tumor-stage MF samples 
did not express CD117.

c-kit plays a fundamental role during the ontogeny of T-cell, 
and specific mutations drive to a blockade of pro-T cell develop-
ment. There is a complex relationship between c-kit and other signal 
pathways (i.e. NOTCH and IL-7) to induce survival, proliferation, 
and maturation of T-cells. Regardless of the intricate association, 
c-kit gene expression is no longer detectable in pre-T-cells and lat-
er stages, and the receptor is not necessary for the mature T-cell to 
survive. As a result of nucleotide variations on regulatory sequenc-
es, silent genes like c-kit could be re-expressed in MF T-cells in a 
monoclonal or oligoclonal fashion. The presence of CD117 in ad-
vanced-stage MF and Sézary syndrome could be related to a worse 
outcome and a lower survival. In our study, CD117 stained with low 

intensity for atypical T-cells in an 85-year-old type II skin phototype 
male with ES-MF. It is also remarkable that this patient developed 
ulcerated tumors months after concluding the study (Figure 1). It is 
well known that atypical T-cells in MF expand in a polyclonal fash-
ion, and consequently, not every clone would express the same mu-
tations. Furthermore, it is important to remark the fact that Sanger 
sequencing has a low sensitivity threshold when assessing variant 
detection status on heterogeneous tumor samples. Sanger method 
is only capable of detecting mutations when the minor alleles are 
higher than 20%.8-10  

As a result of our research, we do not recommend that c-kit 
gene mutations in exons 9, 11, 13 and 17 should be analyzed by 
PCR as routine in plaque-stage ES-MF. A whole gene sequencing 
would provide a better understanding of the phenotype changes 
and the inconstant re-expression of CD117 in atypical T-cells on ad-
vanced-stage MF. q
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