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Abstract: Piebaldism is a rare autosomal dominant genodermatosis, manifesting as congenital 

and stable depigmentation of the skin and white forelock. It has been found to be associated with 

mutations in the KIT or SLUG genes. We report a Chinese piebaldism family including a 28-year-

old woman and her 3-year-old son with characteristics of white patches and forelock associated 

with numerous brown macules and patches. Genomic DNA samples of the proband and her son 

were extracted from their peripheral blood. One hundred unrelated healthy individuals were used 

as controls. All coding regions of KIT, SLUG, and NF1 genes were amplified by polymerase chain 

reaction using exon flanking intronic primers and Sanger sequencings were performed. DNA 

sequencing revealed heterozygous missense c.2431TG mutation in exon 17 of the KIT gene 

in the proband and the affected son. No potentially pathogenic variant was identified in SLUG 

or NF1 genes. The nucleotide substitution was not found in 100 unrelated control individuals. 

This study reveals a novel KIT mutation in piebaldism, and it further supports that café-au-lait 

macules and intertriginous freckling of piebaldism are parts of pigmented anomaly in piebaldism, 

which does not necessarily represent coexistence of neurofibromatosis type 1 (NF1).
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Introduction
Piebaldism (Online Mendelian Inheritance in Man [OMIM] #172800) is a rare auto-

somal dominant genodermatosis characterized by congenital leukoderma and poliosis. 

The depigmentation of skin has a characteristic distribution pattern that favors the 

central forehead, midfrontal portion of the scalp with a resultant triangular white 

forelock, central anterior trunk, and mid-extremities. Previous studies have revealed 

that most cases of piebaldism are caused by mutation of the KIT (mast cell/stem cell 

growth factor receptor, also known as c-kit or CD117) gene mapped on chromosome 

4q12,1 which encodes KIT, a type 3 transmembrane receptor for mast cell growth 

factor (MGF, also known as stem cell factor). The mutation of the receptor is associ-

ated with defects in the proliferation or migration of melanoblasts from the neural 

crest during early embryonic development, which causes the absence of melanocytes 

from the nonpigmented patches of skin and from hairbulbs in the white patches of 

hair in piebaldism.1 Some cases of piebaldism result from mutation of the SLUG 

(also known as SNAI2) gene on chromosome 8q11.2 The SLUG gene encodes Slug, a 

zinc-finger neural crest transcription factor, which is critical for the development of 

human melanocytes. Several piebaldism patients with café-au-lait macules (CALMs) 

and intertriginous freckling have been previously reported,3–10 and the diagnosis of 

coexistence of neurofibromatosis type 1 (NF1) is controversial. Here, we report a 
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Figure 1 skin lesions and histopathology.
Notes: (A) The proband and her son; (B) back of the proband; (C) the left axillary region of the proband (Crowe’s sign); (D) the inguinal region of the proband (Crowe’s 
sign); (E) the forehead of the son; (F) the back of the son; (G) histopathology of depigmented lesion of the proband’s right upper arm (He ×20).
Abbreviation: He, hematoxylin-eosin staining.
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Chinese family with piebaldism due to a novel heterozygous 

missense mutation in KIT, and investigate the relationships 

between piebaldism and manifestation of CALMs and inter-

triginous freckling. 

All patients and normal individuals signed written informed 

consents. The study was conducted in accordance with the 

principles of the Declaration of Helsinki and was approved 

by our local ethics committee, the Institutional Ethical Review 

Boards of Peking Union Medical College. 

Materials and methods
The proband of this family was a 28-year-old Chinese woman 

who presented with generalized white patches and brown 

macules since birth. The white patches remained stable and 

the brown macules gradually became larger and increased 

in frequency. Physical examination revealed symmetrical 

patches of depigmentation on the forehead, chin, central 

anterior trunk, and extremities, with islands of normal 

pigmentation within them. A white forelock was observed 

(Figure 1A). CALMs within the patches of depigmentation 

and normal skin were also noted (Figure 1B). Nine CALMs 

were greater than 15 mm in diameter. Numerous small 

1–5 mm lentigines present in the bilateral axillary and ingui-

nal regions (Crowe’s sign) were seen (Figures 1C and D). 

No neurofibromas were detected. The patient was otherwise 

healthy. Her parents were non-consanguineous and healthy. 

A skin biopsy was obtained from a depigmented lesion of 

the left upper arm. Basal hypopigmentation was present in 

the specimen (Figure 1G).

A similar phenotype of a typical triangular white patch on 

the forehead and multiple CALMs in the patient’s 3-year-old 

son was confirmed (Figures 1A, E, and F). He was developing 

normally. His parents were non-consanguineous, and his father 

was healthy. There were no other relatives with a similar condi-

tion. There were no reported findings such as facial dysmor-

phism, deafness, iris heterochromia, mental retardation, or other 

features of Waardenburg syndrome in the family history.

Genomic DNA samples of the proband and her son were 

extracted from their peripheral blood leukocytes using the 

Wizard® Genomic DNA Purification Kit (Promega Corpora-

tion, Fitchburg, WI, USA) according to the manufacturer’s 

protocol. In addition, genomic DNA of 100 unrelated healthy 

individuals were used as controls. The primers flanking all 

exons of the KIT, SLUG, and NF1 genes were designed using 

the web-based version of the Primer 3.0 program (http://www.

genome.wi.mit.edu/cgibin/primer/primer3_www.cgi). Primer 

sequences are available on request. The primer sequence of 

the 17th exon of the KIT gene was designed as follows: FOR, 

5′TGTGAACATCATTCAAGGCG3′ and REV, 5′ 

TGACTGCTAAAATGTGTGATATCCC3′. Genomic 

DNA was amplified by polymerase chain reaction (PCR). 

The PCR conditions were: Hotstar Taq activation at 95°C for 

3 minutes, followed by 14 cycles, each having denaturation 

at 95°C for 35 seconds, annealing at 63°C for 45 seconds and 

extension at 72°C for 75 seconds, then followed by 27 cycles, 

each having denaturation at 95°C for 30 seconds, annealing 

at 56°C for 45 seconds and extension at 72°C for 75 sec-

onds, and the final extension was 72°C for 5 minutes. After 

the amplification, the PCR products were purified using the 

QIA-quick PCR Purification Kit (Promega) and sequenced 

using ABI Prism® 3730 automated sequencer (Thermo Fisher 

Scientific, Waltham, MA, USA). Sequence comparisons and 
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Figure 2 Mutation of the KIT gene.
Notes: (A) The proband’s KIT genomic sequence coding base numbers 2424–2438, 
which showed c.2431TG heterozygous mutation; (B) the son’s KIT genomic 
sequence coding base numbers 2424–2438, which showed c.2431TG heterozygous 
mutation; (C) the equivalent of KIT in a normal individual.
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analyses were performed using Phred-Phrap-Consed v12.0 

program (http://www.phrap.org).

Results
No potentially pathogenic variant was identified in the SLUG 

or NF1 genes in the proband and her son. We detected a 

heterozygous missense c.2431TG mutation in exon 17 of 

the KIT gene in the proband (Figure 2A). The same mutation 

was also found in the affected son (Figure 2B). In addition, 

the nucleotide substitution was not found in 100 unrelated 

control individuals (Figure 2C).

Discussion
The KIT gene encodes the human homologue of the 

proto-oncogene c-kit. C-kit was first identified as the cellular 

homologue of the feline sarcoma viral oncogene v-kit. This 

protein is a type 3 transmembrane receptor for MGF. 

Genetic testing demonstrated a novel heterozygous mis-

sense mutation of the KIT gene, c.2431TG, which results 

in the substitution of Phe (TTT) at position 811 to Val (GTT) 

in the intracellular tyrosine kinase domain in KIT protein. 

The nucleotide substitution was not found in 100 unrelated 

control individuals, suggesting that the mutation was not 

likely to be neutral polymorphism.

Using the tool of PolyPhen-2 (http://genetics.bwh.

harvard.edu/pph2/), it is reported that this mutation is 

predicted to be probably damaging with a score of 1.000 

(sensitivity: 0.00; specificity: 1.00).

Clinical manifestations and phenotypic severity of pie-

baldism strongly correlates with the mutation site within the 

KIT gene. The most severe phenotypes usually result from 

mutations involving the intracellular tyrosine kinase domain, 

whereas the mildest phenotypes are usually caused by muta-

tions involving the amino-terminal extracellular ligand-

binding domain.11,12 The mutation reported here confirms 

the involvement of the KIT gene in human piebaldism and 

provides supportive evidence that a missense mutation within 

the intracellular tyrosine kinase domain of KIT produces a 

severe phenotype.11

Several piebaldism patients that is associated with 

CALMs and intertriginous freckling have been reported. 

Some researchers considered it as an overlap of piebald-

ism and NF1, for the diameters and numbers of CALMs 

and freckling satisfy the diagnostic criteria for NF1, estab-

lished by the National Institute of Health (NIH) Consensus 

Conference in 1988.13 However, none of the reported cases 

had cutaneous neurofibromas or other non-pigmentary fea-

tures of NF1; one patient, however, had Lisch nodules in 

the iris.4 Both piebaldism and NF1 are autosomal dominant 

conditions, while their genes have been localized to differ-

ent chromosomes, 4q12 or 8q11 and 17q11.2, respectively. 

Therefore, there is only a small chance for an association, 

especially in cases with an absence of family histories of NF1 

with non-pigmentary features. Furthermore, all piebaldism 

patients that is associated with CALMs and intertriginous 

freckling who underwent comprehensive gene testing showed 

mutations in the KIT gene,6,7,9 and the patients who underwent 

gene testing of NF1 showed no mutation.7,8 Surprisingly, 

those piebaldism patients with mutations in the intracellular 

tyrosine kinase domain of KIT, G610D,7 E640D,9 R791G,6 or 

G812V,6 all showed CALMs and freckling, which is similar 

to our patient. This supports the theory that mutation in the 

intracellular tyrosine kinase domain of KIT results in severe 

piebaldism and may be related to the appearance of CALMs 

and freckling. It also suggests that the unusual phenotype is 

related to the loss of KIT tyrosine kinase function and subse-

quent effect on SPRED1 and the Ras/MAPK pathway.9

To conclude, we demonstrate a family with piebaldism 

due to a novel KIT missense mutation. We consider the 
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CALMs and intertriginous freckling seen in some piebald-

ism patients are parts of pigmented anomalies in piebaldism, 

which does not necessarily represent coexistence of NF1. 

Careful clinical evaluation, especially of the non-pigmentary 

features of NF1 and molecular testing if necessary, should 

be used to identify NF1. 
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