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The skin appendages are derived from the embryonic ectoderm and are represented by 
the pilosebaceous unit, the eccrine sweat gland and the apocrine gland.1 The piloseba-
ceous unit is composed of the hair follicle, the sebaceous gland and the arrector pili 
muscle.2 The functions of the skin appendages include hair production, thermoregula-
tion by sweat excretion, and producing sebum and scents. 

Various tumors can arise from the skin appendages, including cylindromas, tricho- 
epitheliomas, spiradenomas, and basal cell carcinomas. 

Cylindroma 

Cylindromas are benign slow-growing firm skin-colored to red nodules that can range in 
size from a few millimeters to several centimeters (Fig. 1a). The vast majority of cylin-
dromas manifest on the scalp, and to a lesser extent on the trunk and extremities. Usu-
ally, these tumors occur solitary. For a time, it was debated whether cylindromas origi-
nate from eccrine or apocrine structures. Recently, however, it could be demonstrated 
that they presumably arise from hair follicle stem cells.3  

Histologically, cylindromas consist of non-encapsulated irregularly shaped islands 
and lobuli of epithelial cells, which are surrounded by eosinophilic hyalinized material 
and are arranged in a “jigsaw puzzle” pattern (Fig. 1b). These islands are composed of 
larger, more differentiated cells with large pale nuclei in the center, and a palisade of 
smaller, less differentiated cells with dark nuclei at the periphery.3,4 

Although cylindromas are benign, in rare cases malignant transformation has been 
described.5,6 Signs of malignant transformation include rapid growth, pain, ulceration 
and bleeding. Local infiltrative growth and metastasis, most often in lymph nodes, spi-
nal bones and liver, has been reported.6  

 

  

Figure 1 
a.  Clinical presentation of cylindromas on the head. 
b.  Histological signs of cylindroma: non-encapsulated irregularly shaped islands of epithelial cells that fit 

together like a “jigsaw puzzle”, surrounded by eosinophilic hyalinized material. 

a b
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Trichoepithelioma 

Trichoepitheliomas are benign small skin-colored papules with a diameter of 2-8 milli-
meters (Fig. 2a). Predilection sites are the nose, nasolabial folds, neck, and upper part of 
the trunk. Trichoepitheliomas originate from hair follicle cells. Histologically, a well-
demarcated dermal tumor can be seen that consists of uniform basaloid cells with pe-
ripheral palisading. They are arranged in trabecular nests, which are surrounded by 
stroma containing fibroblasts (Fig. 2b).7,8 Both the clinical and histological presentation 
can resemble a basal cell carcinoma that can also arise from hair follicles.9 In compari-
son to trichoepithelioma, however, basal cell carcinomas tend to show more ulceration, 
peripheral palisading of basaloid keratinocytes, stromal edema, peritumoral mucin 
production and mitosis. Additional immunohistochemistry, in particular with androgen 
receptor and TGF-β, may be useful to differentiate the two entities.10 

 

     
Figure 2 
a. Clinical presentation of trichoepitheliomas on the upper lip. 
b. Histology of trichoepitheliomas: trabecular nests of basaloid cells surrounded by stroma containing fibro-

blasts. 

Spiradenoma 

Spiradenomas are benign tumors presenting as solitary, painful, red or blue nodules on 
the trunk or upper extremities (Fig. 3a). Spiradenomas are derived from eccrine sweat 
glands.4 Histologically, spiradenomas are well-circumscribed nodules localized in the 
dermis and subcutaneaous fat, enclosed by fibrous material (Fig. 3b). In the center of 
the nodules large cells with round nuclei and pale cytoplasm can be found, whereas in 
the periphery of the nodules smaller cells with hyperchromatic nuclei and scant cyto-
plasm are located.4  

Malignant transformation of spiradenomas is well known and is characterized by ul-
ceration, rapid growth, pain and erythema. Metastasis to lymph nodes, bone, lung, liver 
and brain has been described.11,12 

a b
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Figure 3 
a. Clinical presentation of a spiradenoma. 
b.  Histological signs of spiradenoma: sharply circumscribed nodule in the dermis. Cells in the center have 

scant cytoplasm and round nuclei. 

Basal cell carcinoma 

Basal cell carcinomas are malignant tumors presenting as erythematous to skin-colored 
macules or plaques, often with a pearly border and telangiectasia (Fig. 4a). They mainly 
arise on the sun-exposed areas of the skin, most probably due to high cumulative expo-
sure to ultraviolet radiation. Other risk factors for the development of these tumors 
include Fitzpatrick skin type 1 and 2, radiotherapy, immunosuppression, higher socio-
economic status, a previous basal cell carcinoma on the upper extremities, a relatively 
young age at first onset and genetic defects.13 Basal cell carcinomas are thought to be 
hair follicle tumors since they preferentially arise from stem cells located in the upper 
bulge, lower bulge, isthmus of the hair follicle and touch dome epithelia.14,15 Histologi-
cally, different types of basal cell carcinomas can be distinguished, including superficial, 
nodular, morpheaform (infiltrative) and  basosquamous (metatypical) carcinomas. They 
are characterized by nests of basaloid cells in the dermis attached to the epidermis with 
peripheral palisading of basaloid keratinocytes and artificial retraction between the 
nests (Fig. 4b).16 

 

a b
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Figure 4. 
a.  Clinical presentation of a basal cell carcinoma on the back. 
b. Histological signs of basal cell carcinoma: nests of basaloid cells in the dermis with peripheral palisading of 

basaloid keratinocytes and cleft formation.   

Hereditary syndromes associated with hair follicle tumors  

Cylindromas, trichoepitheliomas, spiradenomas and basal cell carcinomas can arise 
sporadically but can also be seen in the context of hereditary cutaneous tumor syn-
dromes, such as Brooke-Spiegler syndrome (BSS) (OMIM 605041), familial cylindroma-
tosis (OMIM 132700), multiple familial trichoepithelioma (OMIM 601606), Bazex-Dupré-
Christol syndrome (BDCS) (OMIM 301845) and basal cell nevus syndrome (BCNS, Gorlin 
syndrome) (OMIM 109400). 

Brooke-Spiegler syndrome 

BSS is an autosomal dominant disorder characterized by the development of cylindro-
mas, trichoepitheliomas and spiradenomas. In 1842, Ancell for the first time described 
“a remarkable case of tumours developed on the head and face with a similar disease in 
the abdomen”.17 Originally, these tumors were called Ancell-Spiegler cylindromas and 
Brooke-Fordyce trichoepitheliomas.17-20 In 1968, Welch et al. reported a patient with 
both cylindromas and trichoepitheliomas. This clinical observation led to speculations 
about the monogenetic origin of these two hair follicle tumors.21 In 1974, a patient was 
described who revealed both trichoepitheliomas and cylindromas in association with 
spiradenomas.22 In 2000, mutations in the CYLD gene were reported to cause all three 
forms of tumors in association with BSS.23 

a b
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Clinical presentation 

Cylindromas, trichoepitheliomas and/or spiradenomas in patients with BSS usually de-
velop from the third decade onwards. Women are more frequently affected than 
men.24 During life, the tumors grow slowly and increase in size and number. Tumor size 
and distribution shows considerable intra- and interfamilial variability. In severe cases, 
cylindromas can coalesce to large masses that cover the whole scalp, so called turban 
tumors. This disfiguring phenotype can lead to cosmetic, mechanic, and psychological 
impairment. Complications include visual and hearing impairment by occlusive tumor 
growth, pain, and discomfort. Extracutaneous manifestations are rare, but cylindromas 
in the breast, lung and basal cell adenomas of the parotid glands have been de-
scribed.25-28  

Besides the aforementioned diffuse phenotype, a segmental or linear distribution of 
trichoepitheliomas or spiradenomas has been described, indicating mosaicism.29-35 In 
1996 and 1997, Happle introduced two types of mosaic presentation of autosomal 
dominant disorders. In segmental type 1 mosaicism, a heterozygous de novo postzygo-
tic somatic mutation in an otherwise healthy embryo causes a segmental presentation 
of the disease. A germline mutation is absent.36 The segmental type 2 manifestation is 
caused by a germline mutation in combination with loss of heterozygosity occurring at 
an early developmental stage. Clinically, the type 2 segmental manifestation is charac-
terized by an area of more severe disease manifestation, usually occurring early in life, 
superimposed on the common diffuse and symmetric phenotype.37,38 Only few cases of 
type 1 and type 2 segmental trichoepitheliomas and spiradenomas have been de-
scribed. To the best of our knowledge, however, none of these cases have been ana-
lyzed on the molecular genetic level.29-35 

Molecular genetic background 

In 1995, Biggs and colleagues reported linkage of BSS to chromosome 16q12-13.24 Five 
years later, the first germline mutations in the CYLD gene were detected in families with 
BSS.23 On the genomic level, the CYLD gene spans 56 kilobases and consists of 20 exons, 
of which the first three are non-coding (NCBI RefSeq: NM_015247.2).23 To date, CYLD 
seems to be the only gene involved in the formation of cylindromas and trichoepitheli-
omas in BSS.39 It is thought to function as a tumor suppressor gene since 90% of the 
germline mutations are truncating; and in cylindromas and trichoepitheliomas loss of 
the wild-type allele was found.24,40  

The CYLD gene encodes for the homonymous protein CYLD. Almost identical 
orthologues of the human CYLD protein have been identified in different species, in-
cluding Drosophila melanogaster, Caenorhabiditis elegans, and mice, showing that CYLD 
is well conserved across evolution.23 The fact that human and mouse CYLD genes share 
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95% homology makes the CYLD knockout mouse a perfect model to study the clinical 
consequences of CYLD dysfunction.41 CYLD is expressed in fetal brain and skeletal mus-
cle, and at lower levels in adult brain, leukocytes, liver, heart, kidney, spleen, ovary and 
lung.42 Interestingly, expression in the epithelium of human scalp hair follicles has been 
described as well.41  

CYLD is a member of the ubiquitin-specific protease (USP) families of proteins and 
plays a central role in the nuclear factor-kappa B (NF-kB) pathway by acting as a de-
ubiquitinating enzyme. CYLD consists of 956 amino acids and has a molecular weight of 
107 kDa. It contains four groups of recognizable sequence motifs, which are three cyto-
skeleton-associated protein glycine-rich (CAP-GLY) domains and a ubiquitin C-terminal 
hydrolase (UCH) catalytic domain.23,43 The CAP-GLY domains are responsible for micro-
tubule binding. The UCH catalytic domain, including a zinc-finger-like B-box domain, is 
involved in the de-ubiquitinating activity of CYLD. 

Ubiquitination plays an important role in DNA repair, nuclear translocation, and en-
docytosis.40 This reversible process is characterized by binding the carboxy-terminal 
glycine of one ubiquitin to an internal lysine of another ubiquitin.43 Ubiquitination can 
be mediated through lysine-63 (K63)-linked chains or lysine-48 (K48)-linked chains.44 
Whereas ubiquitination through K63-linked chains act as substrate for non-degradative 
functional properties of a modified protein, K48-linked chains promote proteasomal 
degradation.43,44 The ubiquitin reaction is catalyzed by three ubiquitin ligation enzymes 
(E1-E3). This process can be reversed by deubiquitinating enzymes (DUBs), such as 
CYLD. DUBs recognize specific ubiquitin chain linkages, e.g. CYLD is a K63-specific DUB 
which removes the K63-linked chains from tumor necrosis factor associated receptor 2 
(TRAF2).44 Through this mechanism CYLD plays an important role in the NF-kB signaling 
pathway. 

NF-kB signaling pathway 

The NF-kB signaling pathway is a cellular communication system. NF-kB is a transcrip-
tion factor that was discovered in 1986 in the laboratory of D. Baltimore.45 It regulates 
expression of many genes, which are essential for the regulation of apoptosis, viral 
replication, tumorigenesis, inflammation and immune homeostasis. NF-kB is kept inac-
tive in the cytoplasm by binding to the IkB complex. Two main pathways resulting in 
activation of NF-kB have been described; the canonical (classical) and non-canonical 
(alternative) pathway.46 

The canonical pathway starts with a response to extracellular signals, which bind to 
a cell surface receptor. This receptor enlists adapters, for example TRAF2 to the cyto-
plasm of the cell. After self-ubiquitination, TRAF2 activates the IKappaB-kinase (IKK)-
complex, which consists of catalytic kinase subunits (IKKalpha and/or IKKbeta) and NF-
kB essential modulator (NEMO). Activation of the IKK-complex results in phosphoryla-
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tion of IkBalpha and degradation of IkB by the proteasome, which enables NF-kB to 
enter the nucleus, where it activates downstream target genes (Fig. 5). Normally, CYLD 
interacts in the canonical pathway by binding to and de-ubiquitinating NEMO, TRAF2 
and TRAF6.47-50 CYLD dysfunction or knockdown leads to overactivation of TRAF2, which 
results in constitutive activation of NF-kB. 

The non-canonical pathway differs from the canonical in that the activated IKK com-
plex consists of 2 IKKalpha subunits and does not contain NEMO. In this pathway, recep-
tor binding leads to activation of the NF-kB-inducing kinase (NIK). This in turn phospho-
rylates and activates an IKKalpha complex, resulting in activation of IkBalpha, which in 
turn enables NF-kB to enter the nucleus (Fig. 5).46,51 Massoumi and colleagues have 
shown in mouse models that CYLD interacts in the non-canonical pathway by affecting 
Bcl-3. Bcl-3 is a coactivator of NF-kB that is present in the cytoplasm. Normally, CYLD 
blocks Bcl-3 by removing K63-linked polyubiquitin chains (de-ubiquitination) (Fig. 5). In 
case of deficiency of CYLD, Bcl-3 enters the nucleus and induces transcription of NF-kB 
target genes by activating NF-kB.52   
 

 
Figure 5. A concise overview of the NF-kB signaling pathway.  

In the canonical pathway, extracellular signals, such as TNF-α and bacterial lipopolysaccharide (LPS), bind to a 
cell surface receptor (TNF receptor and toll-like receptor (TLR)). This subsequently activates a cascade, in 
which eventually NF-kB is able to enter the nucleus where it activates downstream target genes.  
In the non-canonical pathway, receptor binding leads to activation of NIK, thereby activating a cascade in 
which NF-kB can also enter the nucleus to activate downstream target genes.  
CYLD interacts by binding to and de-ubiquitinating NEMO, TRAF2 and TRAF6. CYLD also blocks Bcl-3 by de-
ubiquitination. 
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Genotype-phenotype correlation 

BSS shows considerable clinical overlap with multiple familial trichoepithelioma and 
familial cylindromatosis, in which either trichoepitheliomas or cylindromas arise solely. 
All three disorders are inherited in an autosomal dominant fashion and are caused by 
heterozygous mutations in the CYLD gene. Although these diseases have different 
OMIM numbers they seem to be allelic and, thus, might be a phenotypic variation of the 
same genetic disorder.40,53  

To date, more than 100 mutations have been described in the CYLD gene, compri-
sing splice site, frameshift, nonsense, missense mutations, and large genomic dele-
tions.53-57 Still, no evident genotype-phenotype correlation could be established, which 
is supported by the fact that patients and families with the same CYLD germline muta-
tion show inter- and intrafamilial phenotypic variability.53 

Treatment 

Currently, no curative therapy for BSS is available. Treatment of cylindromas, trichepi-
theliomas and/or spiradenomas in BSS can be challenging due to the localization and 
multitude of tumors. Many treatment options have been reported, including conven-
tional surgery, electrosurgery, cryosurgery, Mohs’ micrographic surgery, total scalp 
excision, dermabrasion, curettage, and ablative therapy with erbium:Yag or CO2 la-
sers.58,59 A disadvantage of these therapeutic modalities is scar formation and possible 
tumor recurrence. Currently, the therapy of first choice for cylindromas and trichoepi-
theliomas is excision of the tumors. 

For BSS, a causal, pathway-based therapy would be desirable. In 2003, Brum-
melkamp and colleagues explored a pathway-based therapy for cylindromas consisting 
of topical treatment with 20% salicylic acid in unguentum lanette.60 Salicylic acid inter-
feres with the NF-kB pathway by inhibiting IKK-gamma. Although this treatment was not 
curative, tumor growth could be slowed down or even completely blocked.61 Possibly, 
more specific and potent inhibitors of the NF-kB pathway will be necessary to halt 
growth or prevent the development of skin appendage tumors in patients with BSS. 

Bazex-Dupré-Christol syndrome 

BDCS is a rare X-linked hereditary disorder affecting the hair follicle. In 1964, the disease 
was described for the first time by Bazex, Dupré and Christol.62  
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Clinical presentation 

BDCS is characterized by congenital hypotrichosis, follicular atrophoderma (affecting 
the dorsa of hands and feet, extensor surfaces of the elbows and/or knees, and face), 
and early onset of basal cell carcinomas.62 Other features that have been described are 
trichoepitheliomas, milia, hypohidrosis, facial hyperpigmentation, hair shaft abnormali-
ties (trichorrhexis nodosa and pili torti) and pinched nose with hypoplastic nasal alae 
and prominent columella.63-66 

Molecular genetic background 

Until recently, the genetic defect underlying BDCS was not known. Since no male-to-
male transmission in affected families had been described and almost all daughters of 
affected fathers were affected, an X-linked dominant inheritance mode was suspected. 
In line with this observation, Vabres and colleagues mapped the gene for BDCS to 
chromosome Xq24-q27.1 in 1995.67 Subsequently, we were able to refine the candidate 
region for BDCS to an 11.4 Mb interval on chromosome Xq25-27.1. Recently, Bal and 
colleagues described a germline mutation in the ACTRT1 gene in two families with BDCS 
(c.547_548insA) and germline mutations in noncoding sequences surrounding the 
ACTRT1 gene in four other families with BDCS.68 ACTRT1 encodes for actin-related pro-
tein T1 (ARP-T1). Loss of ARP-T1 leads to activation of the Hedgehog pathway, which is 
also activated in sporadic basal cell carcinomas and basal cell carcinomas in genetic 
syndromes such as BCNS.68-70 

Hedgehog signaling pathway 

The hedgehog signaling pathway is an important signal transduction pathway in embry-
onic development, cell proliferation, tissue regeneration and homeostasis mainte-
nance.69,71 In adult tissues, the hedgehog signaling pathway is often silenced, because 
the 12-transmembrane protein receptor patched (PTCH1) inhibits the G-linked trans-
membrane receptor protein smoothened (SMO), leading to suppression of SMO-
induced intracellular signaling. Hedgehog signaling is activated by binding of one of the 
hedgehog ligands (Sonic Hedgehog, Indian Hedgehog, and Desert Hedgehog) to PTCH1. 
This leads to the activation of SMO, resulting in an intracellular signal to the nucleus by 
transcription factors glioma-associated oncogene (GLI) 1 and GLI2, leading to transcrip-
tional activation of intracellular target genes (Fig. 6).69-71 

ARP-T1, which is involved in BDCS, interacts in the hedgehog signaling pathway by 
binding to the GLI1 promoter, thus inhibiting GLI1 expression. Loss of ARP-T1 leads to 
activation of the hedgehog signaling pathway.68 In 90% of sporadic basal cell carcino-
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mas, inactivating mutations In the PTCH1 gene are found, and 10% of sporadic basal cell 
carcinomas result from activating mutations in the SMO gene. Additionally, BCNS is 
caused by germline mutations in the PTCH1 gene. In both sporadic and syndrome-
associated basal cell carcinomas, this leads to activation of the hedgehog signaling 
pathway.  
 

 
Figure 6. A concise overview of the hedgehog signaling pathway.  
A.  Membrane bound PTCH1 inhibits SMO.  
B.  When extracellular hedgehog ligands (HH) bind to PTCH1, this inhibition is abolished, leading to activation 

of SMO. This in turn results in transcriptional activation of intracellular target genes. ARP-T1 inhibits the 
pathway by binding to the GLI1 promoter. 

Treatment 

Currently, no curative therapy for BDCS is available. The gold standard of treatment of 
basal cell carcinomas is surgical excision. Depending on, among others, histological 
subtype, localization and size of the tumor, primary or recurring basal cell carcinoma, 
and comorbidity, alternative treatment modalities such as Mohs’ micrographic surgery, 
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5-fluorouracil, imiquimod, and photodynamic therapy are available. As in BCNS, a path-
way-based therapy for BDCS would be desirable. 

Aims and outline of this thesis 

BSS and BDCS are rare genetic disorders affecting the hair follicle. 
BSS is caused by heterozygous mutations in the CYLD gene. Previous reports indicate 

both clinical and genetic heterogeneity in this disease. A genotype-phenotype correla-
tion has not yet been demonstrated.  

The genetic defect underlying BDCS has recently been reported, at least in a small 
subset of affected families described to date. In these families, mutations in the ACTRT1 
gene have been identified. BDCS shows clinical heterogeneity.  

The aim of this thesis was to gain deeper insights into clinic and molecular genetics 
of BSS and BDCS. In particular, we studied the following aspects of the diseases: 

Part 1. Brooke-Spiegler syndrome 

- Elucidation of the underlying CYLD gene defects in distinct families with BSS. 
- Evaluation of putative genotype-phenotype correlations in BSS.  
- Challenging the concept of segmental type 1 manifestation in multiple familial 

trichoepithelioma on the molecular genetic level. 
- Exploration and evaluation of a novel therapeutic regimen for turban tumors. 

Part 2. Bazex-Dupré-Christol syndrome 

- Evaluation of immunohistochemical markers for the histopathological distinction 
between basal cell carcinomas and trichoepitheliomas.   

- Characterization of frequent and infrequent symptoms in BDCS. 
- Linkage confirmation and refinement in BDCS.  
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Abstract  

Brooke–Spiegler syndrome is an autosomal dominant tumor predisposition disorder. 
The disease is characterized by the occurrence of multiple skin appendage tumors, 
including cylindroma, trichoepithelioma, and spiradenoma. In some patients, tumors 
cover the entire head circumference, thereby causing disfigurement and other compli-
cations. Here, we report on a man with multiple cylindroma that were distributed in a 
turban tumor-like fashion. One of these neoplasms arose in the meatus externus of the 
right ear leading to unilateral hearing loss, a complication that has been documented 
only on few occasions in this disease.  
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Introduction  

Brooke-Spiegler syndrome (BSS) (OMIM 605041), also known as familial cylindromatosis 
(OMIM 132700), is an autosomal dominantly inherited tumor predisposition disorder 
that was reported for the first time in 1842 by Ancell.1 The disease is characterized by 
the development of multiple benign skin appendage neoplasms, including cylindroma, 
trichoepithelioma, and spiradenoma.1–4  

Clinically, the different types of tumor mostly adhere to specific predilection sites on 
the body. Trichoepitheliomas are commonly encountered on the central face in the 
perinasal area, whereas spiradenomas usually develop on the upper trunk. Cylindromas 
mostly manifest on the head and neck as firm, pink-reddish nodules that range in size 
from a few millimeters to several centimeters. These tumors can fuse into large masses 
that cover the whole scalp, referred to as turban tumor.5  

The histopathology can be variable, sometimes making it difficult to clearly differen-
tiate cylindroma from either trichoepithelioma or spiradenoma.  

Although already described in 1842, it was not until more than 150 years later that 
Biggs et al. found a linkage of familial cylindromatosis to chromosome 16q12–13.6 In 
2000, the first mutations in the CYLD gene were reported in patients with multiple he-
reditary cylindromas and trichoepitheliomas.7 To date, approximately 50 CYLD muta-
tions have been detected in BSS and the allelic diseases familial cylindromatosis and 
multiple familial trichoepitheliomas (OMIM 601606), which show overlapping pheno-
types.7–24  

In this article, we report a patient with the characteristic phenotype of turban tumor 
syndrome and unilateral hearing loss caused by tumor growth in the ear. This complica-
tion has only been documented on a few occasions in BSS.25–28  

Case Report  

A 37-year-old white German man with known BSS presented with a 4-week history of 
pain in the right external acoustic meatus and ipsilateral progressive hearing loss over 
approximately 4 years. He was the only family member affected by the disorder and his 
further medical history was unremarkable.  

At the age of 9 years, he started to develop small, skin-colored, centrofacial papules, 
predominantly in the nasolabial folds. In June 1989, a biopsy from one of the papules 
revealed a trichoepithelioma. Over the following 12 years, several trichoepitheliomas 
were treated with repeated dermabrasion and, later, by ablative CO2 laser therapy. 
Since the age of 21 years, he had also manifested multiple, skin-colored tumors on the 
forehead, scalp, right upper maxilla, and right meatus externus, showing the histo-
pathologic characteristics of cylindroma. During the course of the disease, several of 
these tumors were surgically excised. In 1997, histopathologic examination of a tumor 
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excised from the right infraclavicular region showed an eccrine spiradenoma. On visiting 
our clinic in October 2004, almost the entire circumference of his head was covered 
with large, partly confluent, skin-colored to pink tumors that were distributed in a tur-
ban-like fashion (Fig. 1). One tumor of approximately 1 cm in size had grown into the 
right meatus externus, thereby causing an almost complete obstruction that was re-
sponsible for the steadily increasing hearing loss confirmed by audiometry.  

Subsequently, the tumor was radically excised and histopathology showed a cylin-
droma. After tumor resection, the patient’s hearing difficulties resolved completely and 
have not reoccurred since. A recently initiated therapeutic attempt with topically ap-
plied 20% salicylic acid in an elastic collodion base did not yield any improvement.  
 

 

 

 

Figure 1. Clinical manifestation of Brooke-Spiegler syndrome in a 37-year-old man. Multiple skin-colored to 
reddish tumors with partial confluence are distributed in a turban-like fashion on the scalp. (a) Cranial view on 
the vertex. (b) View from the right side. (c) Detailed view of several coalescing tumors of variable size on the 
right aspect of the vertex. 

Discussion  

Although the exact incidence and prevalence of the disease are unknown, BSS is consi-
dered to be a rare disorder. To date, no racial or gender preponderance has been de-
scribed. Clinically, at least three different variants of the disease can be distinguished: (i) 
familial trichoepithelioma, in which only trichoepitheliomas are encountered; (ii) famili-
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al cylindromatosis, which is characterized by the occurrence of cylindromas exclusively; 
and (iii) BSS, in which three different tumor types have been described: cylindroma, 
trichoepithelioma, and spiradenoma. Although the clinical manifestations may vary, it 
has recently been demonstrated that all three variants arise from heterozygous muta-
tions in the CYLD gene, and thus represent phenotypic variations of a single genetic 
defect.7–24 To date, the specific mechanisms governing the development of one or more 
of these histopathologically distinct tumors have not been unraveled.  

Cylindromas most commonly manifest on the head and neck. Less than 10% of pa-
tients develop such neoplasms on other sites of the body, e.g. the trunk. Of these tu-
mors, approximately 6% are reported to involve the ear, as in our patient.25,28 In excep-
tional cases, cylindromas can also occur in even more unusual locations, such as the 
lung or the breast.29,30  

In BSS, different tumor growth and distribution patterns can be observed. Although 
spiradenomas usually manifest as solitary, reddish-to-pink nodules on the trunk, both 
cylindroma and trichoepithelioma rarely present as solitary neoplasms, but rather in 
groups of partly coalescing and confluent tumors. The growth pattern observed in the 
patient presented here is also referred to as turban tumor syndrome, and is considered 
to be the full-blown and clinically most disfiguring form of BSS which, fortunately, is 
seldom observed.  

This phenotypic variant of BSS is more frequently associated with complications that 
are hardly ever seen in solitary tumors, including unpleasant fetor, ulceration, secon-
dary infection, and anemia caused by chronic bleeding. Sometimes, a solitary cylindro-
ma, or groups, can cover the eyes.25,31 Furthermore, discomfort, pain, hearing loss, and 
deafness may be the result of tumor growth into the external ear, with occlusion of the 
auditory canal, as observed in our patient.25–28 As described previously in other patients, 
the unilateral hearing loss resolved after surgical excision of the cylindroma occluding 
the meatus externus in the external auditory canal.  

Although the underlying genetic defect in BSS has been known since 2000, no cura-
tive therapy is yet available for multiple cylindromas and trichoepitheliomas. Therefore, 
all current treatment options merely aim to improve the cosmetic aspects and to pre-
vent or resolve the complications, such as the hearing loss encountered in our patient. 
Currently, surgical excision or laser ablation is the treatment of first choice in multiple 
cylindromas and trichoepitheliomas,31,32 not solely with regard to tumor mass reduc-
tion, but also considering the small, but non-negligible chance of malignant transfor-
mation.33,34 Although not considered as a treatment option in our patient, total scalp 
and forehead excision with coverage by skin grafts has been described in patients with 
turban tumors.31 Recently, a therapeutic attempt has been made to treat single cylin-
droma in BSS with topically applied salicylic acid at varying concentrations. Salicylic acid 
acts by interfering with the NF-κB signaling pathway and, thereby, is thought to be ca-
pable of blocking tumor progression and/or reducing the size of existing tumors. The 
results of this therapeutic approach are rather discouraging, however, probably be-
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cause salicylic acid is a rather weak and nonspecific blocker of NF-κB activation. In line 
with these observations, a therapeutic attempt with 20% salicylic acid in a topical for-
mulation did not lead to tumor size reduction or prevention of tumor progression in our 
case. Thus, our own and previous data suggest that salicylic acid is not sufficiently po-
tent to inhibit tumor growth.35  

In summary, BSS is a complex disease that can present with a variable clinical and 
histopathologic pattern. Turban-like tumor growth can lead to a broad spectrum of 
complications, and patients with this rare phenotypic variant should be treated and 
followed up in an interdisciplinary setting to provide the best possible care. The treat-
ment of rapidly growing tumors should preferably consist of surgical excision at an early 
stage to prevent complications such as those encountered in the patient described 
here.  
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Abstract 

Background 
Mutations in the CYLD gene underlie Brooke-Spiegler syndrome, an autosomal domi-
nantly inherited cutaneous tumor disorder characterized by cylindromas, trichoepitheli-
omas, and spiradenomas. To date, however, the consequences of CYLD splice site muta-
tions have not yet been assessed. 

Objectives 
To identify CYLD mutations in BSS patients and study the consequences of CYLD splice 
site mutations on the cDNA and mRNA level. 

Methods 
We performed mutation analysis in three patients with Brooke-Spiegler syndrome and 
assessed the expression of CYLD in normal human epidermal keratinocytes, leukocytes, 
and peripheral blood mononuclear cells by quantitative reverse transcriptase-PCR. The 
consequences of the mutations detected were studied by both reverse transcriptase 
PCR and quantitative reverse transcriptase PCR. 

Results 
We detected two novel and one recurrent CYLD splice site mutations, designated 
c.2108+1G>A, c.2242-2A>G, and c.2109-2A>C. We show that CYLD is expressed in pe-
ripheral blood mononuclear cells, which facilitated assessing the consequences of the 
mutations. In two of the patients, the mutations resulted in exon skipping and prema-
ture termination codons whereas in the third one, aberrant splicing was not detectable.  

Conclusion 
Our data suggest that CYLD splice site mutations differentially affect splicing and mRNA 
degradation.  
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Introduction 

Brooke-Spiegler syndrome (BSS; OMIM 605041), also known as familial cylindromatosis 
(OMIM 132700) or turban tumor syndrome, is an autosomal dominant disorder charac-
terized by the occurrence of multiple benign skin adnexal tumors, including cylindro-
mas, trichoepitheliomas, and spiradenomas.1 These tumors predominantly develop in 
the first or second decade of life on the head and neck. Malignant transformation is 
apparently rare.2  

After Biggs and colleagues demonstrated linkage of BSS to chromosome 16q12-
q13,3 Bignell et al. in 2000 reported the first mutations in the CYLD gene underlying the 
disorder. The gene consists of 20 exons and functions as a tumor suppressor.4 Although 
Welch et al. already suggested in 1968 that a mutation in one gene only may be respon-
sible for the different tumors observed in BSS,5 it was not until 2002 that a single DNA 
alteration in the CYLD gene was indeed shown to give rise to both cylindromas and 
multiple trichoepitheliomas.6   

To date, different mutations in the CYLD gene have been reported, most of them re-
sulting in a premature termination codon.7 Among these, thirteen splice site mutations 
have been described.4,8-17 However, it remains elusive how such mutations affect splicing.7  

Here, we detected three distinct splice site mutations in three unrelated patients 
with BSS. After first analysing CYLD expression in blood and skin cells in order to select 
appropriate tissues for RNA studies, we assessed the consequences of the mutations on 
splicing and mRNA decay.  

Material and methods 

Patients 

We studied three Caucasian individuals with BSS, two of Dutch, and one of German 
origin. The initial diagnosis was based on the characteristic clinical manifestation and 
confirmed by histopathology (Table 1). All participants provided informed consent in 
accordance with the declaration of Helsinki and guidelines set forth by the local institu-
tional review board. 

Table 1. CYLD splice site mutations in this study, associated phenotypes as well as the structural and functional 
consequences of these mutations. 

Mutation Phenotype Consequence of splicing defect Levels of mRNA 

c.2108+1G>A Cylindromas and 
trichoepitheliomas 

Exon skipping Normal 

c.2242-2A>G Cylindromas and 
trichoepitheliomas 

Exon skipping Normal 

c.2109-2A>C Cylindromas Nonsense-mediated mRNA decay 40% of normal 
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Mutation analysis and paternity analysis 

We collected EDTA blood by venipuncture. DNA and RNA were isolated from peripheral 
blood leucocytes according to standard techniques18; and with the Nucleospin® RNA kit, 
respectively, according to the manufacturer’s instructions (Machery-Nagel GmbH & 
Co.KG, Düren, Germany). We amplified by PCR all coding regions and exon-intron-
junctions of the CYLD gene (primer sequences and amplification conditions available 
upon request). PCR products were directly sequenced using an ABI 3730 DNA Analyser 
(Applied Biosystems, Foster City, CA, USA). Sequence analysis was performed with the 
software tools Phred, Phrap and Consed. 

To verify paternity in the first Dutch patient, haplotypes were derived using the mi-
crosatellite markers D16S500, D16S409, D16S3136, CDRP40, D16S3117, D16S416, 
D16S3034, and D16S3066. Fragment sizing was performed on an ABI 3730 DNA analy-
ser (Applied Biosystems, Foster City, CA, USA) and analyzed with peakscanner V1.0 
(Applied Biosystems, Foster City, CA, USA). 

CYLD expression in blood and normal skin  

We assessed the expression of CYLD in normal human epidermal keratinocytes (NHEK), 
leukocytes and peripheral blood mononuclear cells (PBMC) by quantitative reverse tran-
scriptase (qRT)-PCR. Total RNA from patient PBMCs was isolated using the high pure RNA 
isolation kit from Roche (Roche Diagnostics GmbH, Mannheim, Germany), accor-ding to 
the manufacturer´s recommendations, including the DNAse digestion step. Equal 
amounts of purified RNA were reverse transcribed using the TaqMan Reverse Transcrip-
tion Reagent Kit (Applied Biosystems, Foster City, CA, USA) with random hexamers as 
primers. For the real time PCR experiments we utilized Assay-on-Demand gene expres-
sion products (Applied Biosystems, Foster City, CA, USA). The target transcripts of CYLD 
were normalised to 18S rRNA (Hs99999901) as an internal reference. All sequences were 
amplified in triplicate in separate reaction wells and the relative differences between 
CYLD expression in normal PBMCs and patient PBMCs were calculated using the mathe-
matical ∆∆CT method developed by Pfaffl.19  

Reverse transcriptase PCR (RT-PCR) 

RNA was reverse transcribed into cDNA using the SuperScript First-Strand Synthesis 
System (Invitrogen, Carlsbad, CA, USA), following the manufacturer’s instructions. RT-
PCR was performed using primers located in exon 14 and 18 of the CYLD gene, RT-14F 
5’-AAGGTGGAGGCTGCATCAGG-3’ and RT-18R 5’-CAGCTGAGATGTCCGGATCG-3’. After 
horizontal gel electrophoresis and visualisation of the bands the smaller-sized PCR 
products were cut out of the gel, purified, subcloned and automatically sequenced, 
respectively. 
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mRNA levels in affected individuals 

In all patients, residual mRNA levels were measured in RNA specimens derived from 
whole blood using PAXgene collection tubes. The PAXgene Blood RNA system (PAXgene 
Blood RNA Tubes and PAXgene Blood RNA Kit, PreAnalytiX GmbH, Hombrechtikon, Swit-
zerland) stabilises intracellular RNA and, thus, provides accurate detection and purifica-
tion of gene transcripts. We used the tubes and kit according to the manufacturer`s 
instruction. Amounts of total RNA were measured using the Nanodrop system 
(NanoDrop Technologies, Rockland, Delaware, USA) and equal RNA concentrations of 
each sample were used for RT-PCR.  

Results 

We detected three single nucleotide substitutions in different CYLD splice sites, respec-
tively (Table 1). In the first patient the mutation consisted of a G-to-A transition at the 
splice donor site of intron 15, designated c.2108+1G>A (Fig. 1A). This mutation was not 
detectable in either parent. Paternity was confirmed by haplotype analysis (data not 
shown). The second patient had an A-to-G transition at the splice acceptor site of intron 
16, designated c.2242-2A>G (Fig. 1B). In the third patient we detected a mutation at the 
splice acceptor site of intron 15 consisting of an A-to-C transversion, designated  
c.2109-2A>C (Fig. 1C). Absence of all mutations in the ExAC (Exome Aggregation Con-
sortium) database, dbSNP, exome variant server and gnomeAD, excluded the possibility 
of polymorphisms. 
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Figure 1. Splice site mutations detected in this study. A. c.2108+1G>A; B. c.2242-2A>G; C. c.2109-2A>C. 
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CYLD expression and consequences of splice site mutations 

Comparison of mRNA expression by RT-PCR revealed that CYLD is expressed at almost 
equal levels in NHEK, leukocytes and PBMC (Fig. 2). In the patients carrying mutations 
c.2108+1G>A and c.2242-2A>G, RT-PCR on RNA derived from PBMCs revealed the wild-
type product containing 430 base pairs (bp) and two smaller additional bands of 363 
and 321 bp, respectively. Automated DNA sequencing showed that the smaller bands 
represented fragments excluding exons 15 and 17, respectively. By contrast, in the third 
patient carrying c.2109-2A>C, we only found the wild-type PCR product and no addi-
tional band (data not shown).  

In all patients, residual CYLD mRNA levels were measured in RNA specimens derived 
from whole blood. Whereas mutations c.2108+1G>A and c.2242-2A>G do not result in a 
significant decrease of mRNA levels, mutation c.2109-2A>C is associated with approxi-
mately 60% mRNA decay when compared to a control (Fig. 3). 
 

 
Figure 2. Results of RT-PCR with primers spanning exons 14-18 of the CYLD cDNA.  
Lane 1: PBMCs of a healthy control. Lanes 2 and 3: Commercially available leukocyte and keratinocyte RNA, 
respectively. 
 

 
Figure 3. Quantitative real-time PCR shows that mutations C.2108+1G>A and C.2242-2A>G are not associated 
with relevant mRNA decay. By contrast, mutation C.2109-2A>C leads to substantial mRNA decay. 
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Discussion 

The CYLD gene codes for the homonymous protein CYLD. This protein plays an im-
portant role in the nuclear factor-kappaB (NF-kB) signaling pathway that regulates, 
among others, apoptosis and tumorigenesis.20 Massoumi et al. showed in a mouse 
model that negative regulation of CYLD governs proliferation and tumor growth.21  

Previous reports suggested that CYLD is ubiquitously expressed.22,23 Our expression 
studies in NHEK, leukocytes and PBMC show that in these cells, CYLD is expressed at 
almost equal levels (Fig. 2). Knowledge on the cell-type specific expression of CYLD 
should facilitate the functional assessment of splice site mutations in the future.  

In one Dutch family studied here, only the index patient showed clinically overt BSS 
and was shown to carry a CYLD mutation, designated c.2108+1G>A. Because BSS is 
believed to have a complete penetrance, we clinically examined both her parents but 
did not find any tumors. This raised the possibility that the mutation detected arose de 
novo. Haplotype analysis confirmed paternity in this family. Subsequent mutation 
screening showed that neither parent carried the mutation. Thus, to the best of our 
knowledge, c.2108+1G>A represents the first de novo mutation reported in BSS. 

Generally, splice site mutations can cause intron retention, exon skipping, cryptic 
splicing and combinations thereof, resulting in in-frame or out-of-frame translation. 
Out-of-frame translation generally leads to the occurrence of a premature termination 
codon (PTC), as do nonsense mutations.24 Such PTCs can either result in the formation 
of a truncated protein25 or lead to degradation and elimination of mutated transcripts 
by nonsense-mediated mRNA decay.24  

By RT-PCR, we ascertained that two of the splice site mutations, c.2108+1G>A and 
c.2242-2A>G, result in skipping of exons 15 and 17, respectively (data not shown). Both 
exon skipping events lead to putative out-of-frame translation and generation of a PTC. 
For mutation c.2108+1G>A the PTC is located 30 codons downstream of the mutation 
site (p.Pro682Gln31fs*) and for c.2242-2A>G, 47 codons downstream of the mutation 
(p.Ala748Leufs48*). Interestingly, we did not detect an aberrant splicing pattern for 
c.2109-2A>C. This finding suggested that the transcript of the mutated allele is subject 
to nonsense-mediated mRNA decay.  

To study the role of nonsense-mediated mRNA decay in the three splice site muta-
tions detected here, we measured CYLD mRNA expression in peripheral blood leuko-
cytes by qRT-PCR. Of note, only mutation c.2109-2A>C is associated with evident mRNA 
decay (Fig. 3), consistent with the findings of our RT-PCR experiments. By contrast, 
mutations c.2108+1G>A and c.2242-2A>G only lead to negligible mRNA decay (Fig. 3), 
indicating that transcription from these mutant alleles might result in the formation of 
truncated and dysfunctional proteins.  

The patient harbouring mutation c.2109-2A>C studied here presented with cylin-
dromas exclusively. Thus, our data suggest that the residual amounts of CYLD mRNA 
seem to be unrelated to the distinct phenotypes of individuals with this CYLD splice site 
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defect, since mutation c.2109-2A>C has been previously reported in a family with 
trichoepitheliomas only.16 To date, fifteen splice site mutations have been reported to 
underlie different phenotypes, comprising Brooke-Spiegler syndrome (30%), familial 
cylindromatosis (35%), and multiple familial trichoepithelioma (35%) (Table 2).4,8-17 
These previous reports and our own data confirm the previous notion that there is no 
apparent genotype-phenotype correlation in diseases caused by CYLD mutations.7 Pos-
sibly,  as of yet unknown environmental factors, modifier genes or epigenetic events 
could contribute to the different phenotypes observed.26,27 

Table 2. Splice site mutations in the CYLD gene and the associated phenotypes reported to date. 

Mutation Phenotype Publication 

c. 1518+2C>T Brooke-Spiegler syndrome Ly et al. 2004 

c.1684+1G>A Brooke-Spiegler syndrome 
Brooke-Spiegler syndrome 

Kazakov et al. 2010  
Kazakov et al. 2011 

c.1826+1G>A Multiple familial trichoepithelioma Huang et al. 2009 

c.1826+1G>T Multiple familial trichoepithelioma Kazakov et al. 2011 

c.1826+2T>G Multiple familial trichoepithelioma Liang et al. 2005 

c.1950_1953-1delGATA Familial cylindromatosis Nasti et al. 2009 

c.1950-2A>T Familial cylindromatosis Nasti et al. 2009 

c.2041+G>T Familial cylindromatosis Kacerovska et al. 2013 

c.2042-1G>C Multiple familial trichoepithelioma Malzone et al. 2015 

c.2018+1G>A Brooke-Spiegler syndrome Parren et al., this study 

c.2109-2A>C Multiple familial trichoepithelioma 
Familial cylindromatosis 

Duparc et al. 2013 
Parren et al., this study 

c.2241-1G>A Multiple familial trichoepithelioma Fujii et al. 2017 

c.2242-2A>G Brooke-Spiegler syndrome Parren et al., this study 

c.2350+5G>A Familial cylindromatosis Bignell et al. 2000 

c.2469+1G>A Familial cylindromatosis Bignell et al. 2000 

 
In conclusion, we detected two novel and one recurrent CYLD splice site mutations and 
assessed their consequences on mRNA splicing and degradation. Our data contribute to 
the growing number of CYLD splice site defects and confirm that there is no obvious 
genotype-phenotype correlation in BSS. 
  



Chapter 3.1 

46 

References 

1. Ancell H. History of a remarkable case of tumours developed on the head and  face; accompanied with a 
similar disease in the abdomen. Med Chir Trans. 1842;25:227-46. 

2. Tripathy SM, Somu TN, Sundaram M, Sahiya S. Malignant cylindroma of post aural region involving the 
temporal bone. J Clin Diagn Res. 2015;9:MD01-2. 

3. Biggs PJ, Wooster R, Ford D, et al. Familial cylindromatosis (turban tumour syndrome) gene localized to 
chromosome 16q12-13: evidence for its role as a tumour suppressor gene. Nat Genet. 1995;11:441-3. 

4. Bignell GR, Warren W, Seal S, et al. Identification of the familial cylindromatosis tumour-suppressor gene. 
Nat Genet. 2000;25:160-5. 

5. Welch J, Wells R, Kerr C. Ancell-Spiegler cylindromas (turban tumours) and Brooke-Fordyce trichoepithe-
liomas: evidence for a single genetic entity. J Med Genet. 1968;5:29-35. 

6. Poblete Gutierrez P, Eggermann T, Holler D, et al. Phenotype diversity in familial cylindromatosis: a 
frameshift mutation in the tumor suppressor gene CYLD underlies different tumors of skin appendages. J 
Invest Dermatol. 2002;119:527-31. 

7. Nagy N, Farkas K, Kemény K, Széll M. Phenotype-genotype correlations for clinical variants caused by 
CYLD mutations. Eur J Med Genet. 2015;58:271-8. 

8. Malzone MG, Campanile AC, Losito NS, et al. Brooke-Spiegler syndrome presenting multiple concurrent 
cutaneous and parotid gland neoplasms. Diagn Cytopathol. 2015;43:654-8. 

9. Ly H, Black MM, Robson A. Case of the Brooke-Spiegler syndrome. Australas J Dermatol. 2004;45:220-2. 
10. Kazakov DV, Schaller J, Vanecek T, Kacerovska D, Michal M. Brooke-Spiegler syndrome: a report of a case 

with a novel mutation in the CYLD gene and different types of somatic mutations in benign and malignant 
tumors. J Cutan Pathol. 2010;37:886-90. 

11. Kazakov DV, Vanecek T, Zelger B, et al. Multiple (familial) trichoepitheliomas: a clinicopathological and 
molecular biological study, including CYLD and PTCH gene analysis, of a series of 16 patients. Am J Der-
matopathol. 2011;33:251-65. 

12. Huang TM, Chao SC, Lee JY. A novel splicing mutation of the CYLD gene in a Taiwanese family with multi-
ple familial trichoepithelioma. Clin Exp Dermatol. 2009;34:77-80. 

13. Liang YH, Gao M, Sun LD, et al. Two novel CYLD gene mutations in Chinese families with trichoepithelioma 
and a literature review of 16 families with trichoepithelioma reported in China. Br J Dermatol. 
2005;153:1213-5. 

14. Nasti S, Pastorino L, Bruno W, et al. Five novel germline function-imparing mutations of CYLD in Italian 
patients with multiple cylindromas. Clin Genet. 2009;76:481-5. 

15. Kacerovska D, Szep Z, Kollarikova L, et al. A novel germline mutation in the CYLD gene in a Slovak patient 
with Brooke-Spiegler syndrome. Cesk Pathol. 2013;49:89-92. 

16. Duparc A, Lasek-Duriez A, Wiart T, Duban-Bedu B, Gosset P, Modiano P. Multiple familial trichoepithelio-
ma: a new CYLD gene mutation. Ann Dermatol Venereol. 2013;140:274-7. 

17. Fujii A, Matsuyama K, Mizutani Y, Kanoh H, Nakona H, Sishima M. Multiple familial trichoepithelioma with 
a novel mutation of the CYLD gene. J Dermatol. 2017;44:e228-9. 

18. Sambrook J, Fritsch EF, Maniatis T. Molecular Cloning: a laboratory manual. Cold Spring Harbor, 13. NY: 
Cold Spring Harbor Laboratory Press, 1989. 

19. Pfaffl MW. A new mathematical model for relative quantification in real-time RT-PCR. Nucleic Acids Res. 
2001;29:e45. 

20. Rajan N, Ashworth A. Inherited cylindromas: lessons from a rare tumour. Lancet Oncol. 2015;16:460-9. 
21. Massoumi R, Paus R. Cylindromatosis and the CYLD gene: new lessons on the molecular principles of 

epithelial growth control. Bioessays. 2007;29:1203-14. 
22. Blake PW, Toro JR. Update of cylindromatosis gene (CYLD) mutations in Brooke-Spiegler syndrome: novel 

insights into the role of deubiquitination in cell signaling. Hum Mutat. 2009;30:1025-36. 
23. Reiley W, Zhang M, Wu X, Granger E, Sun SC. Regulation of the deubiquitinating enzyme CYLD by IkappaB 

kinase gamma-dependant phosphorylation. Mol Cell Biol. 2005;25:3886-95. 



Novel splice site mutations differentially affect splicing and mRNA decay 

47 

24. Hentze MW, Kulozik AE. A perfect message: RNA surveillance and nonsense-mediated decay. Cell. 
1999;96:307-10. 

25. Frio TR, Civic N, Ransijn A, Beckmann JS, and Rivolta C. Two trans-acting eQTLs modulate the penetrance 
of PRPF31 mutations. Hum Mol Genet. 2008;17:3154-65. 

26. Massoumi R. Ubiquitin chain cleavage: CYLD at work. Trends Biochem Sci. 2010;35:392-9. 
27. Iliopoulos D, Jaeger SA, Hirsch HA, Bulyk ML, Struhl K. STAT3 activation of miR-21 and miR-181b-1 via 

PTEN and CYLD are part of the epigenetic switch linking inflammation to cancer. Mol Cell. 2010;39:493-
506.  

  



 



49 

Chapter 3.2 

Phenotypic variability in tumor disorders of 
the skin appendages associated with 

mutations in the CYLD gene 

  



Chapter 3.2 

50 

Abstract 

Mutations in the tumor suppressor gene CYLD underlie phenotypically heterogeneous 
hereditary tumor disorders of the skin appendages. These diseases are inherited auto-
somal dominantly and include Brooke-Spiegler syndrome (BSS; OMIM 605041), familial 
cylindromatosis (FC; OMIM 132700) and multiple familial trichoepithelioma (MFT; 
OMIM 601606). Clinically, cylindromas, trichoepitheliomas and spiradenomas can be 
found in affected individuals. 

We sought to elucidate the molecular genetic basis in individuals with newly diag-
nosed cylindromas, trichoepitheliomas and/or spiradenomas. Mutation analysis using 
polymerase chain reaction (PCR)-based techniques was performed in seven German 
patients and one Turkish patient. We detected two missense, two nonsense, two dele-
tion and two duplication mutations in the CYLD gene, of which seven have not yet been 
reported. No genotype-phenotype correlation was detected amongst the patients. Our 
data provide additional information on the clinical and molecular genetic heterogeneity 
of disorders associated with CYLD mutations.  
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Introduction 

Brooke-Spiegler syndrome (BSS, OMIM 605041) is a hereditary disorder predisposing to 
tumor formation, which was first described in 1842.1 Clinically, the disease is characte-
rized by the development of multiple skin appendage neoplasias, including cylindromas, 
trichoepitheliomas, and spiradenomas. Originally, the tumors were referred to as An-
cell-Spiegler cylindromas and Brooke-Fordyce trichoepitheliomas.1-4 After observation 
of a patient with both cylindromas and trichoepitheliomas, Welch and colleagues sug-
gested in 1968 that they might have an identical genetic basis.5 Eventually, spiradeno-
mas were added to the spectrum of BSS in 1974.6   

Recently, it has been shown that these tumors are mainly derived from the hair folli-
cle.7 They can occur from the first decade onwards and show a slow but progressive 
growth pattern. Although the tumors are primarily benign, malignant transformation 
has been reported. Clinical signs of malignant transformation comprise pain, ulceration, 
and rapid growth.8-10  

In 1995, Biggs et al. reported linkage of BSS to chromosome 16q12-q13.11 Subsequent-
ly, germline mutations in the CYLD gene were detected in families affected by the disor-
der.12 The CYLD gene is located on chromosome 16q12-q13 and contains 20 exons, of 
which 17 are coding (NCBI RefSeq: NM_015247.2). It encodes for the homonymous pro-
tein CYLD, which consists of 956 amino acids (aa) and has a molecular weight of 107 kDa. 
The protein comprises i) three cytoskeleton-associated protein glycine-rich (CAP-GLY) 
domains (aa 127-203; 232-303; 472-540), which are responsible for microtubule binding; 
ii) proline rich repeats (aa 388-413; 446-471); iii) four Cys-X-X-Cys pairs (between aa 788 
and 856); and iv) an ubiquitin C-terminal hydrolase (UCH) catalytic domains (aa 593-948). 
CYLD is involved in deubiquitination processes within the NF-kB signaling route and also 
has an important function in the JNK, RIG-I/IRF, and the Cyclin pathways.12,13  

Here, we studied seven German patients and one Turkish patient with multiple cy-
lindromas, trichoepitheliomas, and/or spiradenomas. Sequencing analysis revealed two 
missense, two nonsense, two deletion and two duplication mutations in the CYLD gene.   

Material and methods 

Patients and control individuals 

The index patients (BSS1 - BSS8 in Table 1) studied here were unrelated individuals of 
German or Turkish origin with BSS (for detailed patient information see Table 1). In all 
patients, the clinical diagnosis of cylindromas, trichoepitheliomas and/or spiradenomas 
was confirmed by histopathology. All participants provided informed consent for inclu-
sion in this study, in accordance with the declaration of Helsinki principles and guide-
lines set forth by the local institutional review board.  
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Table 1. Clinical and genetic characteristics of the patients studied.  

Family Ethnic origin Mutation CYLD gene  Exon Protein change Phenotype 

BSS1 Turkish c.2261T>G 17 p.(Ile754Ser) Trichoepitheliomas 

BSS2 German c.2581T>G 19 p.(Leu861Val) Trichoepitheliomas 

BSS3 German c.2409C>A 18 p.(Tyr803*) Cylindromas 

BSS4 German c.2540G>A 19 p.(Trp847*) Cylindromas, 
trichoepitheliomas and 
spiradenoma 

BSS5 German c.2081del 15 p.(Leu694*) Cylindromas, 
trichoepitheliomas and 
spiradenomas 

BSS6 German c.822del 6 p.(Asn275Thrfs*36) Cylindromas, 
trichoepitheliomas and 
spiradenomas 

BSS7 German c.2649dup 19 p.(Ala884Cysfs*6) Trichoepitheliomas 

BSS8 German c.588_591dup 5 p.(Ala198Cysfs*12) Trichoepitheliomas 

DNA isolation, polymerase chain reaction (PCR) and sequence analysis 

Genomic DNA was isolated from peripheral blood collected in tubes containing ethy-
lenediamine tetraacetic acid, according to standard techniques.14   

All coding regions and adjacent splice sites of the CYLD gene were amplified by PCR 
using specific primer pairs (primer sequences and amplification conditions are available 
from the authors upon request) and sequenced directly on an ABI 3730 DNA analyzer 
(Applied Biosystems Inc.), using the BigDye deoxy terminator V3.1cycle sequencing kit 
(Applied Biosystems, Foster City, CA, USA). Sequence analysis was performed with the 
software tools Phred, Phrap and Consed.15,16 Sequence deviations were detected by 
visual inspection.  

Results 

Our study revealed one recurrent and seven novel mutations in the CYLD gene (Table 
1). Mutation nomenclature is based on NCBI RefSeq NM_015247.2 and according to the 
recommendations of the Human Genome Variation Society (HGVS) version 15.11. All 
mutations were classified as likely pathogenic (class 4, the missenses) or pathogenic 
(class 5, all others) according to the guidelines of the Associations for Clinical Genetic 
Science, the Dutch Society of Clinical Genetic laboratory Specialists and the American 
College of Medical Genetics and Genomics.17,18 Phenotypic features of the patients are 
summarized in Table 1. 

In individuals BSS1 and BSS2, we detected two novel missense mutations, designa-
ted c.2261T>G (p.(Ile754Ser)) and c.2581T>G (p.(Leu861Val)), respectively (Fig. 1a and 
1b). In patients BSS3 and BSS4 we identified two nonsense mutations not described 
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previously, comprising C-to-A transversion, designated c.2409C>A (p.(Tyr803*)), and 
c.2540G>A (p.(Trp847*)), respectively (Fig. 1c and 1d). In patients BSS5-8, we found two 
deletion and two duplication mutations, all leading to premature stop codons. The mu-
tation in patient BSS5 has been reported previously and consisted of a single nucleotide 
deletion c.2081del (p.(Leu694*)) (Fig. 1e).19 In patients BSS6-BSS8 we detected a single 
nucleotide deletion c.822del (p.(Asn275Thrfs*36)), a single nucleotide duplication 
c.2649dup (p.(Ala884Cysfs*6)), and a TGTT-duplication c.588-591dup 
(p.(Ala198Cysfs*12)), respectively (Fig. 1f-h).  

Absence of all mutations in the ExAC (Exome Aggregation Consortium) database, 
dbSNP, exome variant server and gnomeAD, excluded the possibility of polymorphisms. 
 
(a) 

 
(b) 
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(c) 

 
(d) 

 
(e) 
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(f) 

 
(g) 

 
(h) 

 

Figure 1. Mutations detected in this study. a. c.2261T>G (reverse strand orientation); b. c.2581T>G; c. 
c.2409C>A (reverse strand orientation); d. c.2540G>A; e. c.2081del (reverse strand orientation); f. c.822del; g. 
c. 2649dup; h. c.588_591dup. Mutation nomenclature based on NCBI RefSeq NM_015247.2. 
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Discussion 

BSS has a variable phenotype and shows considerable clinical overlap with multiple 
familial trichoepithelioma (MFT; OMIM 601606) and familial cylindromatosis (FC; OMIM 
132700), in which trichoepitheliomas can occur either solely or in combination with 
cylindromas.20 All three disorders are inherited in an autosomal dominant fashion and 
are caused by heterozygous mutations in the CYLD gene, thus representing different 
ends of genetically allelic diseases.13,21 

To date, more than 100 unique CYLD mutations have been reported, comprising 13 
missense (12%), 22 nonsense (20%), 55 frameshift (50%), 16 splice site mutations (15%) 
and 3 large genomic deletions (3%).21-24 More than 97% of these sequence deviations 
are located in exons 9-20, while, until 2009, no mutations had been reported in exon 4-
8 (Fig. 2).25 Currently, there is little if any evidence for a genotype-phenotype correla-
tion in any of the disorders caused by CYLD mutations. This is mainly because there is 
considerable intra- and interfamilial phenotypic variability, even within patients/families 
carrying the same germline mutation.21 

Our study adds seven novel mutations to this database, the majority of them also lo-
cated in exons 9-20. Of note, we did not find any splice site mutation.  

The two missense mutations detected here have not yet been reported and are lo-
cated in exons 17 (p.(Ile754Ser)) and 19 (p.(Leu861Val)) (Fig. 2). Both mutations are 
associated with a phenotype of MFT (Table 1). In this context it should be pointed out 
that 50% of the missense mutations reported previously cause MFT, thus perhaps sug-
gesting at least a certain degree of genotype-phenotype correlation after all. 

Our study revealed two novel nonsense mutations, p.(Tyr803*) and p.(Trp847*) lo-
cated in exons 18 and 19, respectively (Table 1; Fig. 2). Whereas mutation p.(Trp847*) 
was associated with BSS, p.(Tyr803*) results in FC. Both mutations lead to null alleles, 
which depending on their exonic context, can exert their pathogenic effects through 
rapid degradation of the encoded protein by nonsense-mediated mRNA decay.26,27   

We found two deletions and two duplication mutations, p.(Ala198Cysfs*12), 
p.(Asn275Thrfs*36), p.(Leu694*) and p.(Ala884Cysfs*6), located in exons 5, 6, 15 and 
19, respectively (Fig. 2). Mutation p.(Leu694*) has already been reported and was asso-
ciated with BSS.19 While p.(Asn275Thrfs*36) was also associated with BSS the other two 
mutations cause MFT. All four mutations lead to a premature termination codon and 
will give rise to either a truncated and thus dysfunctional protein or result in degrada-
tion of the transcript by nonsense-mediated mRNA decay.27  

To date, 55 frameshift mutations have been identified in the CYLD gene.15,28,29 These 
mutations are mainly located in exons 9-20 (Fig. 2). Of note, the novel four-basepair-
duplication detected here (c.588_591dup) is located in exon 5. Only one other CYLD 
mutation has been identified in this exon to date.25 For the first time we detected a 
mutation located in exon 6, c.822del.  



Phenotypic variability associated with CYLD mutations 

57 

 
Figure 2. Mutations in the CYLD gene reported to date in relationship to the functional domains of the enco-
ded CYLD protein. CYLD contains three CAP-GLY domains (amino acids 127-203, 232-303, 472-540; depicted 
as blue boxes) and an UCH catalytic domain (amino acids 593–948); based on NCBI number NP_056062.1. The 
mutations detected in this study are depicted in red.  
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Currently, it is not well understood why mutations in the CYLD gene are associated with 
at least three different phenotypes, BSS, MFT, and FC. Likewise, family members har-
boring an identical mutation exhibiting distinct different phenotypes, is puzzling. Apart 
from yet unknown environmental factors and the involvement of modifying genes, 
epigenetic mechanisms, such as e.g. promoter hypermethylation, might play a role.30,31 
The latter mechanism has been observed in sporadic forms of cancer and could silence 
the function of CYLD as a tumor suppressor.30,32 

In summary, our results expand the database of CYLD mutations associated with the 
clinically variable skin appendage tumor syndromes BSS, MFT and FC. Further studies on 
the molecular mechanisms modifying disease expression may be helpful in the deve-
lopment of targeted and causal therapeutic strategies. 
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Abstract 

Trichoepitheliomas are benign hair follicle tumors. They can arise sporadically, or in the 
context of the monogenetic disorder multiple familial trichoepithelioma (MFT; OMIM 
#601606). This disease is caused by mutations in the CYLD gene. Here, we report a 
woman who at the age of 19 developed multiple trichoepitheliomas on her shoulder, 
following a Blaschko line. We considered this presentation to be suggestive of type 1 
somatic mosaicism. We analyzed the coding regions and adjacent splice sites of the 
CYLD gene in peripheral blood and in a tissue biopsy to screen for germline and somatic 
mutations, respectively. No mutations were found. We suggest that the present case 
could represent a type 1 segmental manifestation of MFT due to either an exonic CYLD 
insertion, deletion or rearrangement, a mutation outside the coding regions of the CYLD 
gene, or a genetic defect other than a CYLD mutation. 
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CORRESPONDENCE 

Trichoepitheliomas are benign hair follicle tumors, which can arise sporadically or in the 
context of an underlying genetic disorder, such as the monogenetic disorder multiple 
familial trichoepithelioma (MFT; OMIM #601606). MFT is caused by heterozygous muta-
tions in the CYLD gene.1 

We report the case of a woman who developed multiple trichoepitheliomas on her 
shoulder, following a Blaschko line. 

A 24-year-old white woman presented with a 5-year history of skin-colored papules 
on her right shoulder in a segmental distribution, following the lines of Blaschko (Fig. 
1a). The rest of her skin was not affected. Her parents were unrelated, and neither they 
nor the patient’s monozygotic twin sister had any similar lesions. Histopathological 
examination of a papule showed a sharply demarcated lesion in the dermis consisting of 
nests of small basaloid cells with peripheral palisading cells (Fig. 1b). Considering the 
clinical and histological findings, we diagnosed segmental trichoepitheliomas. 
 

   
Figure 1. (a) Multiple small skin-colored papules in a segmental manifestation on the patient’s right shoulder; 
(b) trichoepithelioma, showing nests of small basaloid cells with peripheral palisading cells (haematoxylin and 
eosin, original magnification x100).  

 
The local institutional review board approved a genetic study, and the patient provided 
written informed consent. Genomic DNA was isolated from peripheral blood according 
to standard techniques.2 A biopsy was taken from a clinically evident trichoepithelioma 
and frozen in liquid nitrogen. DNA from this fresh-frozen tissue was isolated (Nucleospin 
Tissue XS kit (Macherey-Nagel GmbH & Co. K., Düren, Germany) according to the manu-
facturer’s recommendations. The blood and tissue were used for screen for germline 
ans somatic mutations, respectively. All coding exons and exon-intron boundaries of the 
CYLD gene were amplified with PCR, and analyzed by direct sequencing (ABI 3730 DNA 
Analyzer; Applied Biosystems, Foster City, CA, USA) (primer sequences and reaction 
conditions are available upon request). Sequences were screened by visual inspection. 
We found no CYLD mutations in peripheral blood or in the affected tissue.  

We considered this presentation to be suggestive of Type 1 somatic mosaicism. 
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A linear manifestation of multiple trichoepitheliomas, suggestive of a genetic mosai-
cism, is very rare. Two types of mosaic presentations of autosomal dominant disorders 
are known. In Type 1, a heterozygous de novo postzygotic somatic mutation causes a 
segmental presentation of the disease. There is no germline mutation.3 The Type 2 
manifestation is caused by a germline mutation in combination with a postzygotic so-
matic mutation. Clinically, a Type 2 mosaic is characterized by a diffuse phenotype with 
a superimposed area of more severe disease manifestation.4  

Because we did not find a germline or somatic mutation in the CYLD gene, and con-
sidering the fact that the monozygotic twin sister was not affected, we hypothesize that 
our patient’s phenotype reflects a Type 1 segmental manifestation of MFT. Possible 
explanations for not detecting a somatic CYLD mutation include: (i) involvement of  
other genes in the formation of trichoepitheliomas, (ii) location of the mutation in the 
promoter or deep intronic regions of the CYLD gene, (iii) exonic duplication/deletion or 
a large genomic rearrangement in the CYLD gene, (iv) insufficient number of mutated 
cells in the biopsy to reach the detection threshold of Sanger sequencing, or (v) epige-
netic events, for instance promoter hypermethylation, that silence the function of CYLD 
in this segmental form of trichoepitheliomas; a mechanism that is often seen in spora-
dic forms of cancer.5 

In conclusion, we suggest that our case could represent a Type 1 segmental mani-
festation of MFT caused either by an exonic CYLD insertion, deletion or rearrangement; 
a mutation outside the coding regions of the CYLD gene; or a genetic defect other than 
a CYLD mutation. To our knowledge, this is the first time that the molecular genetics of 
a segmental manifestation of trichoepithelioma has been analyzed. 
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Abstract 

Background 
Brooke-Spiegler syndrome is a hereditary tumor predisposition disorder characterized 
by the development of cylindromas, trichoepitheliomas, and spiradenomas. Predilection 
sites of the disease are hair follicles and sweat glands of the head and neck. In some 
patients the tumors can coalesce to so-called turban tumors, which then usually cause 
cosmetic, psychological, and functional impairment. 

A curative therapy is not yet available and, thus total scalp excision followed by split 
skin graft is evolving as a frequently applied therapy. However, this treatment can lead 
to the formation of a thin and vulnerable skin, which hampers wearing a wig. Therefore, 
a more robust and functional solution is preferable. Here, we report on a woman with a 
turban tumor who suffered enormously from the disease and had secluded herself from 
social life.  

Methods 
We treated her with a total scalp excision down to the periosteum, followed by sequen-
tial combined reconstruction with an artificial dermal template and split skin grafts. 

Results 
The treatment resulted in formation of a robust and flexible skin. 

Conclusions 
Treatment of turban tumor is a challenge considering the localization and the exten-
siveness of the tumor masses. This novel therapy for turban tumor leads to a very good 
cosmetic and functional outcome. 
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Introduction 

Brooke-Spiegler syndrome (BSS; OMIM 605041), also known as familial cylindromatosis, 
is a rare genetic tumor disease that is characterized by the occurrence of multiple be-
nign tumors of skin appendages from the second decade onwards, including cylindro-
mas, trichoepitheliomas, and spiradenomas.1 Cylindromas and trichoepitheliomas origi-
nate from eccrine hair follicle structures, whereas spiradenomas derive from sweat 
glands. Cylindromas predominantly occur on the head and neck. Trichoepitheliomas 
most often arise in the face, in particular in the perinasal area, preauricularly, and 
around the eyebrows. In exceptional cases, both cylindromas and trichoepitheliomas 
can enlarge dramatically and coalesce. This formation of big tumor masses, which can 
cover the entire circumference of the head, is distinguished as turban tumor. In con-
trast, spiradenomas are most frequently found on the trunk.  

In 1968, Welch and colleagues suggested that one single genetic defect was respon-
sible for the development of cylindromas and trichoepitheliomas.2 It was not until 2000 
though that the first mutations in the CYLD gene, localized on chromosome 16q12-13, 
were reported to underlie the disorder.3 Since then, more than 50 mutations have been 
reported in BSS.4 The CYLD gene encodes for the eponymous protein CYLD that plays an 
important role in the nuclear factor-kappaB (NF-kB) pathway.  

BSS and, in particular, turban tumor frequently leads to disfigurement. Since a cura-
tive treatment is not yet available, the first choice therapy in patients with few, solitary 
tumors is surgical excision. In patients with turban tumor, however, total scalp excision 
may be indicated. Because this usually constitutes a reconstructive challenge we de-
scribe a novel therapeutic strategy for this variant of BSS that resulted in a solid and 
functional outcome. 

Case report 

In our outpatient clinic we saw a 48-year old Caucasian woman who was born to non-
consanguineous, healthy parents of Dutch origin. At the age of 12 years, she developed 
papules and nodules on her head and face. Histopathological examination showed cy-
lindromas on the scalp and trichoepitheliomas in the face. Her further medical history 
was unremarkable. After giving birth to her first child in 1986, she rapidly developed 
more cylindromas and trichoepitheliomas, eventually resulting in turban tumor for-
mation (Fig.1a).  

Previous therapeutic attempts in our patient consisted of dermabrasion, trichloroa-
cetic acid, electrocoagulation, intralesional infiltration with triamcinolonacetonide, 
topical phenol, both topically applied and systemic acetyl salicylic acid, and surgical 
excision of single tumors. However, all these treatments were unsatisfactory, leading to 
psychological impairment and social isolation in our patient. In order to hide the tumors 
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and improve her cosmetic aspect she tried to wear a wig. Unfortunately though, this 
was not possible due to the extensiveness of the tumor masses.  

In an interdisciplinary approach, we therefore performed a total scalp excision down 
to the periosteum, followed by coverage of the periost with an artificial dermal tem-
plate (Integra LifeSciences Corp., Plainsboro, NJ) (Fig. 1b and 1c). Histopathological 
examination of the excised tumors showed cylindromas and spiradenomas (data not 
shown). Three weeks later we covered the artificial dermis with split skin grafts (0.3 
millimeters) from the upper legs, which resulted in formation of a robust and flexible 
skin (Fig.1d). As postoperative treatment, we applied a compression therapy with a 
silicon coated cap for scar management (Fig. 1e). Four months after the surgery she was 
able to wear a wig with a good aesthetic result and, as a consequence, a higher self-
esteem (Fig. 1f). 

Comment 

To date, the development of turban tumor in patients with BSS has been reported in 
approximately 30 individuals. Although the tumors associated with BSS usually develop 
in the skin, extracutaneous manifestations also have been described, including involve-
ment of the parotid gland.5 Turban tumor may cause bone destruction by locally inva-
sive growth. Furthermore, cylindroma, trichoepithelioma, and spiradenoma can show 
malignant transformation, which is reflected clinically by pain, ulceration, and rapid 
growth.6 

Turban tumor constitutes an aesthetic burden that usually leads to considerable 
psychological distress and social isolation, as in our patient. Further, cylindromas can 
block the auditory channel leading to hearing loss and deafness.7 Coalescing tumors are 
prone to bleeding and ulceration. Other possible complications include secondary infec-
tion, pain, and ocular occlusion by multiple cylindromas. 
To date, a curative therapy for BSS or turban tumor is not available and treatment may 
be difficult depending on the localization and expansion of the tumors. Possible thera-
peutic options that have been reported previously include, e.g. conventional surgery, 
electrosurgery, cryosurgery, Mohs’ micrographic surgery, dermabrasion, curettage, and 
topical 5% imiquimod cream.8 For trichoepitheliomas, ablative therapy with the erbi-
um:Yag or CO2 laser might also be suitable.9 However, most of the aforementioned 
therapies can lead to scar formation and lesions may recur. In 2006, a non-invasive 
therapeutic approach was reported. Oosterkamp et al. suggested topical treatment 
with 20% salicylic acid in unguentum lanette.10 Although this therapy is not curative, 
tumor growth may be slowed down or even completely blocked. Our patient, however, 
did not show any response to either topically applied salicylic acid or systemic treat-
ment with acetyl salicylic acid.  
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Figure 1. a) 48-year old woman with a turban tumor. b) Intra-operative view on total scalp excision. c) Cove-
rage of the periost by artificial dermis (Integra® LifeSciences Corporation, Plainsboro, NJ). d) Placement of split 
skin grafts onto the artificial dermis five days after surgery. e) Compression therapy with a silicon coated cap 
postoperative. f) Aesthetic outcome four months after surgery. 

 
Treatment of turban tumor is an interdisciplinary challenge, in particular considering its 
localization and the enormous extent these tumor masses may reach. The chance of 
malignant transformation and the frequently observed improvement of hygiene, cos-
mesis, and psychological well-being after surgery makes broad removal of tumor tissue 
the first choice treatment. Over the last years, total scalp excision followed by recon-
struction with a split skin graft is evolving as a frequently applied therapy in turban 
tumors.11 However, this intervention can lead to the formation of a fragile and vulnera-
ble skin with an increased risk of wound development after friction or pressure, e.g. 

(a) (d)

(b) (e)

(c) (f)
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while wearing a wig. Hence, a therapeutic approach would be desirable that, after scalp 
removal, results in formation of a robust and flexible skin. In our opinion, the depth of 
the excision is another important aspect. Both trichoepithelioma and cylindroma are 
hair follicle tumors and have their origin deep in the deep dermal layers. Therefore, 
excision of the entire skin down to the periosteum is recommendable to minimize the 
risk of recurrence of the tumors.  

Here, we applied a novel therapeutic strategy for turban tumor. After removal of the 
entire skin of the head circumference down to the periosteum the wounds were co-
vered in a first step with an artificial dermis (Integra®) followed by split thickness skin 
grafting. It is already known that artificial dermal templates like the one applied by us 
can be used for the successful reconstruction of complex scalp defects following exten-
sive tumor resection, thereby providing minimal donor-site morbidity and expedient 
operative time.12 Further, coverage of periost or calvarial defects with artificial dermis 
usually results in a more solid outcome compared to application of split skin only.12 
Recently, a patient with various cutaneous malignancies on the head was treated with 
radical excision of the tumors followed by reconstruction of the resulting defects with a 
split skin graft only on one operation site and with the combination of artificial dermis 
and an additional split skin graft on the other operation site. Direct comparison of the 
two healed wounds showed a much thicker and healthier result on the latter site when 
compared to the thin and vulnerable coverage on the former site.13 In line with this 
report, the combined reconstructive approach chosen in our patient resulted in a firm 
and resistant coverage with a very good functional and aesthetic outcome so that she 
was able to wear a wig without complications.  

The treatment of turban tumor can be complex and in these patients, we recom-
mend a multidisciplinary approach in which, e.g. dermatologists, plastic surgeons, oto-
rhinolaryngologists, and psychologists can combine their expertise to warrant the best 
therapeutic outcome for the patient. Since the genetic defect in BSS is ubiquitously 
expressed, a thorough follow-up of our patient will show if total scalp removal can pre-
vent tumor recurrence in the long run. 
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Abstract 

Basal cell carcinoma (BCC) is the most frequent cutaneous malignancy worldwide. This 
skin tumor is characterized by a broad phenotypic variability and distinct histopatholo-
gical subtypes. It shows slow, locally invasive growth and only rarely metastasises. BCCs 
can occur either sporadically or in the context of genetic syndromes, including Gorlin 
syndrome, Bazex-Dupré-Christol syndrome, Rombo syndrome, Oley syndrome, and 
Xeroderma pigmentosum. Different genes and signaling routes have been shown to 
play an important role in the development and growth of these tumors, including the 
hedgehog and Wnt/beta-catenin pathway. In some of the aforementioned hereditary 
disorders, the underlying genetic defect is still unknown whereas in others several 
genes have been demonstrated to be involved. Currently, most therapeutic approaches 
are based on surgical measures. In the case of superficial BCCs, photodynamic therapy, 
5-fluorouracil cream, imiquimod or radiotherapy also may be an option. Elucidation of 
the molecular mechanisms governing the manifestation of BCCs in monogenetically 
inherited tumor syndromes will not only contribute to a better understanding of the 
complex pathogenesis of these tumors but might pave the way to the development of 
non-invasive, specific and molecule-based therapeutic strategies in the near future.  
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Introduction 

Basal cell carcinoma (BCC) is the most frequent malignancy of the skin in the white 
population. With an overall annual increase worldwide, the incidence of BCC in the 
southern part of the Netherlands is approximately 165 per 100,000 men and 190 per 
100,000 women1, as compared to 1041 per 100,000 men and 745 per 100,000 women 
in Australia.2  

Usually, the primary lesion is a red-brownish, flat to slightly elevated papule of vari-
able size with an elevated, sometimes pearly border and telangiectasias. Other clinical 
variants comprise superficial, morphoeic, and pigmented BCCs. If left untreated, tumors 
may appear eroded or ulcerated.  

Although most BCCs are diagnosed clinically, confirmation by histopathologic exa-
mination is mandatory to choose the least invasive therapy. Histologically, superficial, 
nodular, infiltrative or mixed BCCs can be differentiated.3  

Both solitary and multiple sporadic BCCs commonly arise in the sun-exposed areas 
of the body, most probably due to high cumulative exposure to ultraviolet radiation. 
Other known risk factors for the development of these tumors include Fitzpatrick skin 
type 1 and 2, radiotherapy, immunosuppression, higher socioeconomic status, one or 
more previous BCCs in the medical history, a positive family history, and genetic de-
fects.4,5  

In particular patients fulfilling one ore more of the latter three criteria are at higher 
risk of developing multiple and recurrent BCCs. The manifestation of these tumors al-
ready in childhood or adolescence is always suspicious for a hereditary tumor predispo-
sition syndrome, including basal cell naevus syndrome (BCNS), Bazex-Dupré-Christol 
syndrome (BDCS), Rombo syndrome, Oley syndrome, and Xeroderma pigmentosum 
(XP).  

Here, we give an overview on hereditary syndromes associated with BCCs and par-
ticularly focus on the genetic basis and underlying pathogenetic mechanisms driving 
tumor development in these disorders. 

Hereditary tumor syndromes featuring basal cell carcinomas 

Basal cell naevus syndrome 

BCNS (OMIM 109400), also known as Gorlin or Gorlin-Goltz syndrome, is an autosomal 
dominant disorder with complete penetrance that was described for the first time in 
1960.6 The prevalence varies from 1 per 56.000 to 1 per 164.000,7 and approximately 
0.4% of individuals with multiple BCCs are thought to have BCNS.8 Males and females 
are equally affected.9 
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The clinical spectrum of the disease is variable both within the same family and be-
tween unrelated affected individuals (Table 1). Still, most patients with BCNS have a 
characteristic phenotype comprising macrocephaly, frontal bossing, hypertelorism, 
skeletal defects, and palmar pits.6 Predilection sites of BCCs, which evolve from child-
hood onwards and grow locally invasive, are the head, neck, and trunk (Figure 1). Pul-
monary and bone metastases have been described only rarely.10  

Table 1. Cutaneous and extracutaneous signs encountered in basal cell naevus syndrome 

Organ/anatomical site Clinical signs 

Skin Basal cell carcinomas; epidermal cysts; palmar and plantar pits; facial milia 

Head and brain Macrocephaly; frontal bossing; cleft lip and/or palate; jaw cysts; 
medullablastoma; lamellar calcification of the falx; calcification of tentorium 
cerebelli; cerebral cysts 

Eyes Congenital cataract; microphtalmia; orbital cysts; coloboma of the iris, 
choroid and optic nerve; strabismus; nystagmus; keratin-filled cysts on the 
palpebral conjunctivae 

Skeleton Increased length; enlarged mandibular coronoid; bifid ribs; kyphosis; spina 
bifida; polydactyly of hands or feet, syndactyly 

Other Ovarian fibromas; mesenteric cysts; fetal rhabdomyoma; kidney anemalies; 
hypogonadotropic hypogonadism; cardiac fibromas 

 

 
Figure 1. Multiple superficial and nodular basal cell carcinomas and hypopigmented scars on the trunk of a 
patient with basal cell naevus syndrome (Picture courtesy of drs Kelleners-Smeets, Mosterd and Thissen, 
Departement of Dermatology, Maastricht University Medical Centre, the Netherlands) 
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In 1996, germline mutations in the patched (PTCH) gene on chromosome 9q22.3 were 
found to underlie BCNS and it was also demonstrated that somatic PTCH mutations are 
present in sporadic BCCs.11,12 The PTCH gene codes for the eponymous transmembrane 
protein receptor PTCH that plays an important role in the Sonic hedgehog (SHH) signa-
ling pathway and acts as a tumor suppressor. Normally, SHH ligand interacts at the cell 
membrane with PTCH and the G-linked receptor protein smoothened (SMO). In the 
absence of SHH, PTCH inhibits SMO, leading to suppression of SMO-induced intracellu-
lar signaling. However, when SHH binds to PTCH, the inhibitory function gets lost and 
SMO is activated, resulting in an intracellular signal to the nucleus by the zinc finger 
transcription factors glioma-associated oncogene (GLI) 1 and GLI2. This leads to tran-
scriptional activation of intracellular target genes. When PTCH is mutated, SHH is no 
longer able to bind to PTCH and SMO cannot be repressed. This results in activation of 
the hedgehog signaling pathway and, eventually, in the development of BCCs. 

In affected individuals, a broad range of mutations has been detected, including in-
sertions, deletions, missense, nonsense, and splice site mutations. To date, there is no 
evidence for genotype-phenotype correlations.9 In patients with BCNS, different in vivo 
mechanisms of PTCH inactivation exist, as demonstrated in different tumors from the 
same patient, which either showed loss of the wild-type allele or a second hit-
mutation.13 

Bazex-Dupré-Christol syndrome  

Bazex, Dupré and Christol described in 1964 a hereditary tumor syndrome affecting the 
hair follicle, which is nowadays referred to as Bazex-Dupré-Christol syndrome (OMIM 
301845). Until now, approximately 20 patients and families have been reported.14 

The disorder is characterized by hypotrichosis, follicular atrophoderma, BCCs, and 
milia.15 Other clinical signs that have been described are hypohidrosis, facial hyperpig-
mentation, and trichoepitheliomas, reflecting the intra- and interfamilial phenotypic 
variation of the disease (Table 2).14,16 Most symptoms manifest during childhood. Hypo-
trichosis is usually the first clinical finding that can often be appreciated already after 
birth. BCCs may develop from the first decade onwards, the youngest patient hitherto 
reported being three years old.14  

The genetic defect underlying BDCS is not yet known. Due to absence of male-to-
male transmission in affected families an X-linked dominant inheritance mode was pro-
posed.16-18 In supported of this notion, Vabres et al. mapped the gene for BDCS to 
chromosome Xq24-q27.19 In a very recent study, we were able to confirm these data 
and further refine the critical region to an 11.4 Mb interval on Xq25-27.1.20 

Rombo syndrome 

In 1981, Michaelsson et al.21 reported on a family with vermiculate atrophoderma, mi-
lia, hypotrichosis, trichoepitheliomas, BCCs, and peripheral vasodilation with cyanosis 
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(Table 2, Fig.2). Since then, two other cases of the so-called Rombo syndrome (OMIM 
180730) have been described.22,23 The first clinical signs are follicular atrophy of the 
sun-exposed skin and a cyanotic redness, which evolve in childhood. BCCs develop from 
the fourth decade onwards.21  

Evidently, the phenotypes of Rombo syndrome and BDCS show a high degree of 
overlap. Still, there are two apparent differences, (i) the follicular atrophoderma in 
Rombo syndrome is seen on the elbows and cheeks, whereas in BDCS it is mainly loca-
lized on the dorsa of the hands; and (ii) patients with Rombo syndrome exhibit a red-
dening of the skin that has not yet been described in BDCS.14,23 Further, in the family 
described by Michaelsson and colleagues there was male-to-male transmission, sug-
gesting an autosomal dominant inheritance mode.21,23 BDCS, in contrast, is inherited as 
an X-linked dominant trait.19.2 

Table 2. Comparative overview of clinical characteristics and inheritance pattern in Bazex-Dupré-Christol, 
Rombo, and Oley syndromes. 

Disease Clinical signs Inheritance 

Bazex-Dupré-Christol syndrome  Basal cell carcinomas  
Hypotrichosis  
Follicular atrophoderma 
Milia 
Hypohidrosis 
Facial hyperpigmentation  
Trichoepitheliomas 

X-linked dominant 

Rombo syndrome Vermiculate atrophoderma 
Milia 
Hypotrichosis 
Trichoepitheliomas 
Basal cell carcinomas 
Peripheral vasodilation 
Cyanosis 

Autosomal dominant 

Oley syndrome Basal cell carcinomas 
Coarse sparse hair 
Milia 

Unknown 
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Figure 2. Clinical signs in a patient with Rombo syndrome, including (a) multiple aggregated milia on the 
forehead, (b) atrophoderma vermiculatum and milia on an erythematous background on the right cheek and 
(c) telangiectasias and erythema on the right ear (pictures courtesy of Prof. Dr van Steensel and Prof. Dr 
Steijlen, Departement of Dermatology, Maastricht University Medical Centre, the Netherlands) 

Oley syndrome 

In 1992, Oley et al. described a family with coarse sparse hair, milia, and BCCs (Table 
2).24 Affected individuals had similar clinical signs as patients with BDCS but, in contrast 
to the latter disorder, these symptoms spontaneously regressed during adolescence. 
Because of the apparent clinical overlap, Adreani et al. suggested in 2000 that Oley 
syndrome and BDCS may be two variants of the same disease.25 To date, the inheritance 
mode and causative genetic defect of Oley syndrome have not been elucidated. 

Xeroderma pigmentosum 

Xeroderma pigmentosum (OMIM 278700) is an autosomal recessive tumor predisposi-
tion disorder that was first recognized by Hebra and Kaposi in 1874.26 The incidence is 
approximately 1 per 250.000 newborns.27  

Clinically, XP is characterized by photosensitivity of sun-exposed tissues, premature 
skin ageing, development of cutaneous neoplasms including BCCs, photophobia, and 
pigmentary changes (Fig. 3).  Beside the cutaneous signs, various extracutaneous mani-
festations may arise (Table 3).28 The skin seems to be normal at birth. From childhood 
onwards, however, affected individuals develop multiple BCCs, squamous cell carcino-
mas and melanomas, most probably as the result of repeated exposure to UV radiation. 
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Overall, the incidence of skin cancer in these patients is 1000 times higher than in nor-
mal individuals.29 

Eight XP genes have been identified thus far, subdivided into XPA-XPG and XP vari-
ant, respectively. The first seven (XPA-XPG) are involved in nucleotide excision repair 
whereas XP variant is responsible for replication of damaged DNA on the leading strand. 
In patients with mutations in any of these genes DNA damage due to UV radiation can-
not be repaired appropriately, leading to cutaneous malignancies and ocular and neuro-
logical complications (Table 3). 27,28 
 

 

 

Figure 3. Cutaneous changes in xeroderma pigmentosum, including (a) numerous freckle-like hyperpigmented 
macules, actinic keratoses, basal cell and squamous carcinomas in the face and (b) pigmented macules of 
varying size and intensity and scattered achromic areas on the right arm (pictures courtesy of Prof. Dr 
Berneburg, Department of Dermatology, University of Tubingen, Germany) 

Table 3. Selected cutaneous and extracutaneous clinical signs often encountered in xeroderma pigmentosum 

Cutaneous symptoms  Extracutaneous symptoms 

Premature skin ageing 
Neoplasm development 
Photosensitivity of sun-exposed tissues 
Pigmentary changes 

Eyes 
Photophobia 
Keratosis 
Corneal opacification 
Ectropion 

Nervous system 
Microcephaly 
Cognitive impairment 
Hearing loss 
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Current therapeutic options and future prospects 

At present, different treatment modalities for BCCs are available. The individual thera-
peutic choice depends on, for example the histological subtype, tumor localisation, 
patient-adherent relevant concomitant diseases and whether it is a primary or recur-
rent BCC.30 The standard therapy for BCCs consists of surgical excision allowing for con-
firmation of radical tumor removal by histopathological examination. In recurrent BCCs, 
Mohs’ micrographic surgery may be preferable.  

Non-invasive therapies including photodynamic therapy, 5-fluorouracil cream or 
imiquimod, were found to be effective in the treatment of superficial BCCs. These 
treatment modalities have reasonable cure rates and result in highly acceptable cos-
metic outcomes.30 Radiotherapy might be a good alternative when the patient is in a 
bad general health state, has cognitive impairment or if surgical excision would bear the 
risk of cosmetic or functional impairment.31 

Beyond the aforementioned therapeutic measures, dermatologic and genetic coun-
selling of patients with hereditary tumor syndromes associated with BCCs is vital. This 
includes on the one hand advice as to preventative measures, e.g. the repeated use of 
sunscreens and regular dermatological screening for cutaneous malignancies already in 
childhood. On the other hand, genetic screening can be offered to families with BCNS 
and XP.  

It has recently been shown that pathway-based causal therapy is feasible and effec-
tive. Von Hoff et al. assessed the safety and pharmacokinetics of GDC-0449, a small-
molecule inhibitor of SMO and the effects of the drug on metastatic or locally advanced 
BCCs. Of the 33 patients treated, 18 had an objective response to GDC-0449 as demon-
strated by both imaging and physical examination.32 These promising results suggest 
that in the future, the development of disease-specific therapeutic strategies based on 
the underlying pathogenetic mechanisms may gradually replace traditional invasive 
surgical techniques. 
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Abstract 

Difficulty in differentiation between a solitary basal cell carcinoma, which is known as a 
malign skin lesion and a benign trichoepithelioma, is a frequent problem in all day der-
matologic practice. Clinically as well as histopathologically there are a lot of resem-
blances between these skin tumors. By means of two real life cases, we give here an 
overview of the possible problems and appliances in distinguishing these two entities; 
at the end we do some recommendation about the policy. 
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Introduction 

Basal cell carcinoma (BCC) is the most common skin cancer in the white population. 
Although it is still unclear from which cell this neoplasm derives, recent evidence has 
suggested that BCC is a hair follicle tumor.1 The World Health Organization has classified 
it as a “keratinocytic tumor”.2 With a varying clinical picture, BCC predominantly mani-
fests in the fifth and sixth decades of life in the head and neck region.3 Usually, the 
histopathology is quite typical, showing basophilic cells, which are classically arranged in 
globule-like clusters with palisading cells at their periphery. Both clinically and histologi-
cally, however, solitary BCC may be confused with another epithelial tumor, trichoepi-
thelioma (TE). This benign neoplasm of follicular differentiation occurs mainly in young 
adults. As in BCC, the sites of predilection are the head and neck region, in particular 
the nose, upper lip, and cheeks.4 In this article, we illustrate the difficulties in the clinical 
and histopathologic differentiation of BCC from TE, in particular BCC with trichodiffe-
rentiation, and briefly review the currently available techniques that might be helpful in 
making an accurate diagnosis. 

Case report 

Case 1 

A 30-year-old woman presented at our outpatient clinic with an easily bleeding skin 
lesion on the nose that had developed approximately 6 months earlier and had not 
undergone any changes since. Apart from regular therapy with a selective serotonin re-
uptake inhibitor, Seroxat®, her medical history was unremarkable, and she denied any 
extraordinary exposure to sunlight. On clinical examination, there was a skin-colored 
papule of 5 × 3 mm with central crusting on the right side of the nose (data not shown). 
Based on the clinical findings, our differential diagnoses included basal cell carcinoma 
(BCC) and a sebaceous gland hyperplasia. For clarification, a punch biopsy was taken. 
Histopathology with hematoxylin and eosin staining showed a proliferation of clustered 
basaloid cells, sometimes in continuation with a hair follicle. In these clusters, there was 
peripheral palisading and a few retraction clefts at the contact zones with the surround-
ing stroma. Furthermore, follicular keratinization and a few mitotic figures were ob-
served. On the basis of these findings, a differential diagnosis of BCC or TE was made. 
Additional studies by immunohistochemistry with both Bcl-2 and Ber-EP4 showed focal 
staining of cell nests in the tumor margin, but no staining in the centre. CD10 staining 
was mainly detectable in the stroma surrounding the basaloid cell clusters. Although the 
immunohistochemical pattern was suggestive of TE, BCC could not be excluded com-
pletely. Subsequently, the tumor was successfully treated with Mohs’ micrographic 
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surgery. As in the first histological examination, the additional tissue preparation for 
Mohs’ frozen sections was not helpful in differentiating between BCC and TE. 

Case 2 

In 2005, a 77-year-old man presented at our outpatient department with an easily 
bleeding skin lesion on the back. He had an unremarkable medical history and reported 
an average degree of sunlight exposure. At that time, a 4-mm skin-colored papule with 
hemorrhagic crusts and telangiectasias was documented (Fig. 1a,b), and a tentative 
diagnosis of BCC was made. Subsequent histopathological examination of a punch biop-
sy by routine hematoxylin and eosin staining showed a strong proliferation of basaloid 
cells with trichoid differentiation in the superficial dermis, without significant peripheral 
palisading or cleft formation between tumor aggregates and stroma (Fig. 2a,b). Based 
on these findings, a diagnosis of TE was made and no further treatment was initiated. 
 

 

Figure 1. Clinical presentation of the lesion in Case 2: (a) overview 2005; (b) close-up 2005; (c) overview 2007; 
(d) close-up 2007 

 
Two years later, the patient returned for the evaluation of the same tumor that had 
approximately doubled in size. On clinical examination, there was an 8-mm, shiny, ery-
thematous papule with telangiectasias (Fig. 1c,d). With a tentative diagnosis of BCC, the 
tumor was radically excised. Histopathological examination showed a nodular tumor 
with a dermal proliferation of basaloid cells, peripheral palisading, and cleft formation, 
suspicious of a nodular BCC (Fig. 2c,d). Histopathologic revision of the biopsy specimen 

(a) (b)

(c) (d)
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from 2005 revealed that a differentiation between TE and BCC with trichodifferentiation 
based on routine histopathologic hematoxylin and eosin evaluation was not possible. 
Nevertheless, the detection of several mitotic figures and cleft formation, as well as the 
diffuse positive staining with the immunomarkers Bcl-2 and Ber-EP4 and peripheral 
staining of basaloid cells with CD10, was suggestive of BCC with trichodifferentiation. 
 

 
Figure 2. Histopathologic examination of the lesion in Case 2:  
(a,b) trichoid keratinization and stromal clefting typical of trichoepithelioma (hematoxylin and eosin: a, ×100; 
b, ×200); (c,d) left, compact nests of basaloid cells, typical of basal cell carcinoma; right, smaller fields of 
basaloid cells, typical of trichoepithelioma (hematoxylin and eosin: c, ×25; d, ×100) 

(a) (b)

(c) (d)
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Discussion 

As noted above, BCC is a malignant tumor that is thought to be derived from the basal 
cell layer of the epidermis and/or the outer root sheath of the hair follicle.4 By contrast, 
TE is a dermal tumor that originates from hair follicles and may reveal focal continuity 
into the epidermis.4  

The clinical presentation of BCC is variable. Normally, the tumor presents as a firm, 
skin-colored, red or brown nodule. A pearly white to translucent and raised peripheral 
edge is one of the characteristic features. Sometimes, however, BCC manifests as an 
erythematosquamous macula, resembling eczema, or as a sclerotic plaque, resembling 
a scar. TE mostly presents as a skin-colored nodule or papule that does not usually ex-
ceed 1 cm in size. Both tumors can be traversed by telangiectasias.  

In addition to the clinical differentiation difficulties, histologic differentiation be-
tween BCC and TE may sometimes be problematic. Both tumors are composed of nests 
of basaloid cells with follicular differentiation. TE is characterized by epithelial struc-
tures resembling hair papillae, small keratinous cysts which, on rupture, can form stro-
mal foreign-body granulomas, loose stroma, and fibroblast aggregates, referred to as 
papillary mesenchymal bodies (Table 1).4 BCC, by contrast, often shows cleft formation 
between tumor aggregates and stroma, peripheral palisading of keratinocytes, necrotic 
tumor cells and ulceration, and mitotic figures (Table 1).4,5 Nevertheless, these charac-
teristics are not always present. Therefore, sometimes it may be impossible to make a 
histopathologic differentiation on the basis of routine hematoxylin and eosin staining. In 
these instances, additional immunohistochemical examination may provide further 
information. 

Table 1. Histopathologic criteria used to differentiate between basal cell carcinoma and trichoepithelioma, in 
order of significance. 

 Histologic characteristic Basal cell carcinoma Trichoepithelioma 

1 Tumor-stroma cleft formation + + – – 

2 Ulceration + + – 

3 Epithelial primitive structures – + + 

4 Small keratinous cysts – + 

5 Inflammatory response + – 

6 Mitosis + – 

7 Necrotic tumor cells + – 

8 Papillary mesenchymal bodies – + 

9 Granulomatous inflammation 
(around ruptured keratinous cysts) 

– – + 

10 Stromal edema + – – 

11 Peritumoral mucin production + – 

+ +, strongly present; +, mostly present; –, mostly absent; – –, absent 
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In the past, several antibodies have been used to differentiate between BCC and TE, 
although most are not specific for one epithelial tumor (Table 2). In line with this, the 
immunomarkers used in our patients, Bcl-2, Ber-EP4, and CD10, did not allow for a 
differentiation between BCC or TE. Recently however, increasing evidence has sugges-
ted that antibodies directed against androgen receptor and transforming growth factor-
ß (TGF-ß) may be helpful in overcoming this dilemma.  

Table 2. Immunohistochemical markers used to differentiate between basal cell carcinoma and trichoepitheli-
oma. Group 1, different immunostaining patterns for the two tumors. Group 2, positive immunostaining for 
both tumors, but with a different staining pattern. Group 3, inconsistent immunostaining patterns. 

 Immunomarker Basal cell carcinoma Trichoepithelioma 

Group 1 Androgen receptor(10) + + – 

 Transforming growth factor-β(11) – + 

Group 2 Ki67(13) + + 

 Proliferating cell nuclear antigen(13) + + 

 P27kip1(18) + + 

 CD10(15) + + + + 

Group 3 Bcl-2(11-13) ++ –/+ 

 CD34(19,20) –/+ +/– 

 Ber-EP(14) + + +/– 

+, positive; ++, strongly positive; –, negative; –/+, mostly negative; sometimes positive; +/–, mostly positive, 
sometimes negative. 

 
Androgen receptor is a nuclear ligand-dependent transcription factor that is activated 
by binding to androgens, testosterone, or dihydrotestosterone. Androgen receptor is 
expressed in normal skin, but has also been demonstrated in various cutaneous neo-
plasms, including BCC.6 Izikson et al. found positive androgen receptor immunostaining 
in approximately 80% of BCC cells compared with negative staining in TE (P < 0.001).6 
TGF-ß plays a key role in controlling cell proliferation and differentiation. Verhaegh et al. 
showed a diffuse cytoplasmic TGF-ß staining in TE tumor cells, whereas negative stai-
ning was observed in BCCs.7  

Bcl-2 is an oncogene associated with apoptosis, and can be over-expressed in some 
malignancies. A difference in Bcl-2 staining distribution between BCC and TE was found 
by three independent study groups;7,8 however, Abdelsayed et al. could not confirm this 
finding.9 Ber-EP4 is a monoclonal antibody that recognizes two glycopolypeptides found 
in most human epithelial cells. Krahl and Sellhayer did not find any consistency in the 
staining pattern of Ber-EP4 in BCC compared with TE.10 In contrast, Ber-EP4 has been 
shown to be an excellent marker in differentiating BCC from squamous cell carcinoma.10 

CD10 is a cell surface enzyme with neutral metalloendopeptidase activity, and is in-
volved in the inactivation of numerous biologically active peptides. Pham et al. showed 
strong CD10 immunoreactivity in both TE and BCC, but with significantly different stai-
ning patterns.11  
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Recently, both germline and somatic mutations in different genes have been impli-
cated in the etiopathogenesis of BCC and TE. There is strong evidence that virtually all 
BCCs arise from genetic defects affecting components of the Sonic Hedgehog (SHH) 
pathway. About 80% of BCCs harbour mutations in the PTCH1 gene, coding for 
PATCHED, a seven-pass transmembrane protein that serves as a receptor for SHH. The 
remaining 20% harbour mutations in either SMOH (coding for the SMOOTHENED pro-
tein) or SU(FU) (coding for the protein SUPPRESSOR of FUSED).12 TE can occur sporadi-
cally or in the context of a hereditary tumor syndrome, known as familial cylindromato-
sis or Brooke-Spiegler syndrome (BSS). BSS is caused by mutations in the CYLD gene.13 
The encoded protein, CYLD, is an ubiquitin hydrolase that targets by auto-ubiquitinating 
tumor necrosis factor receptor-associated factor-2 (TRAF2). Ubiquitinated TRAF2 can 
activate IkB kinase (IKK), which, in turn, phosphorylates the NF-κB inhibitor IkBα, trigge-
ring the nuclear translocation of active NF-κB. Thus, the absence of CYLD leads to un-
controlled NF-κB activity. Depending on the exact inputs, NF-κB can induce apoptosis or, 
rather, its opposite, cell growth.14  

Because TE and BCC may represent two different landmarks in the spectrum of one 
single entity, we strongly suggest the excision of every solitary TE with a small margin. 
Complete excision is also the treatment of choice for BCC. Follow-up of a patient with a 
solitary TE is not recommended.  

In summary, clinical and histologic differentiation between BCC and TE can some-
times be difficult. Histopathologic criteria for the differentiation of these two tumors 
include the presence or lack of retraction between epithelium and stroma, a lack of 
ulceration, and the presence of primitive follicles in TE. Immunohistochemistry may 
provide additional information, in particular immunostaining with androgen receptor 
and TGF-β. Nevertheless, routine hematoxylin and eosin staining remains the standard 
for initial histopathologic examination. In the future, molecular genetic techniques may 
offer the possibility to differentiate with certainty between the two tumors. 
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Abstract 

Background 
Bazex-Dupré-Christol syndrome (BDCS) is an X-linked dominantly inherited disorder 
affecting hair follicle structures. Currently, hypotrichosis, follicular atrophoderma, and 
basal cell carcinomas are considered frequent symptoms of the disorder whereas milia 
are supposed to reflect infrequent clinical signs. Usually, basal cell carcinomas in this 
disease manifest from the second decade of life onwards.  

Case report 
Here, we studied a novel multigeneration family of German origin with BDCS. Interes-
tingly, two family members developed pigmented basal cell carcinomas in early child-
hood, at the age of 3 and 5 years, respectively. The differentiation from other pigmen-
ted lesions was accomplished by both dermoscopy and histopathology. A thorough 
survey of the current literature revealed that milia were present in almost all patients 
with BDCS reported, as is the case in our family. 

Conclusions 
We suggest that milia should also be considered frequent symptoms in BDCS. For the 
first time, to the best of our knowledge, we describe the occurrence of pigmented basal 
cell carcinomas in BDCS during the first decade of life. Our observation emphasizes the 
importance of screening for cutaneous malignancies in this disorder already at young 
age.  
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Introduction 

In 1964, Bazex, Dupré and Christol for the first time described a hereditary syndrome of 
the skin in which hair follicle structures are affected.1 Since then, not more than 20 
families with this disorder, nowadays referred to as Bazex-Dupré-Christol syndrome 
(BDCS) (OMIM 301845), have been reported.  

Affected individuals can manifest a broad range of cutaneous symptoms. Until now, 
frequently and regularly observed clinical signs comprise the triad of hypotrichosis, 
follicular atrophoderma, and basal cell carcinomas (BCCs). Infrequent symptoms that 
have been reported include milia, hypohidrosis, hyperpigmentation of the face, and 
trichoepitheliomas.1-17 Apparently, extracutaneous manifestations are not encountered 
in BDCS. Hypotrichosis can mostly be appreciated already shortly after birth; follicular 
atrophoderma may manifest during early childhood; and BCCs commonly develop from 
the second decade of life onwards.4,7,10-12,14 

The differential diagnosis of BDCS includes other hereditary syndromes associated 
with the development of BCCs at early age, such as basal cell nevus syndrome (OMIM 
109400), Rombo syndrome (OMIM 180730), Oley syndrome, and Xeroderma pigmento-
sum (OMIM 278700). With regard to the pattern of inheritance, male-to-male transmis-
sion has not yet been reported in this disease.1-17  

Here, we present a novel German multigeneration family with BDCS. Interestingly, 
two individuals developed multiple pigmented BCCs already in the first decade of life. 

Report of a family 

The index patient, a then 7-year old girl (individual IV-1 in Fig. 1a) was born to non-
consanguineous parents and is the youngest member of a Caucasian 4-generation fami-
ly of German origin with four individuals affected by BDCS (Fig. 1a). Shortly after birth, 
hypotrichosis became evident and at the age of 6 months she developed an increasing 
reddish-brown hyperpigmentation of the face. Twelve months later, disseminated milia 
and small papules arose and eventually covered the forehead and the temples. Besides, 
she also had multiple slight funnel-shaped follicular depressions, so-called “ice pick 
marks”, on both cheeks. Already at the age of 5 years her mother noticed a small no-
dule on the left cheek that slowly increased in size (Fig. 1b). One year later, a second 
small nodular tumor appeared under the right lower eyelid. However, at that time she 
did not present her daughter to a dermatologist. It was only when the girl was 7 years 
old that she was referred to our outpatient clinic for excision of both tumors. Histo-
pathological examination revealed nodular pigmented BCCs on both cheeks (data not 
shown). Facial milia and follicular atrophoderma on the cheeks still persisted. The skele-
tal and psychomotoric development was normal. 
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Figure 1. (a) Pedigree of the German multigeneration family with BDCS studied here. The index patient is 
indicated by an arrow. (b) Index patient at the age of 7 years. Disseminated milia; small papules on red-
brownish ground on the cheeks, forehead, and temples; and a pigmented plaque on the left cheek, suspicious 
of basal cell carcinoma. 

 
Her 37-year old mother (individual III-2 in Fig. 1a) showed similar clinical features. She 
had a diffuse hypotrichosis and multiple disseminated milia on the forehead, the ears, 
and the periorbital regions since birth. At the age of 18 months, the milia increased in 
number and size and covered almost the whole face. Initially, they were skin-colored, 
afterwards turning to brown. Besides, she developed multiple small and confluent 
brown macules and papules on her face and forehead. Similar lesions, although less 
intense, could be seen on the upper extremities, trunk, and in the groins. Excision of a 
nodule on the left temple and consecutive histological examination revealed a BCC at 
the age of 3 years. At that time, the erroneous diagnosis of basal cell nevus syndrome 
with hereditary alopecia was made and she underwent a facial dermabrasion therapy. 
When we saw her for the first time at the age of 37 years, she showed follicular 
atrophoderma on the extensor sites of her knees and elbows (Fig. 2a), hypotrichosis of 
the scalp, two pigmented BCCs on her capilitium (Fig. 2b), and multiple pigmented nod-
ular BCCs on the right lower eyelid (Fig. 2c). Dermoscopy did not show a pigment net-
work although specks of brown pigment were present. Further, we saw linear and 
branch-like telangiectasia, and leaf-like areas on the periphery of the lesion (Fig. 2d).  

Both the grandfather (individual II-1 in Fig. 1a) and grand-grandmother (individual I-
2 in Fig. 1a) had a medical history of hypotrichosis from birth, recurrent BCCs on the 
sun-exposed areas of the body, follicular atrophoderma, and milia (data not shown). 

I

II

III

IV

1 2

1 2

1 2 3

1

(a) (b)
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The familial constellation of clinical symptoms and histopathological results in four con-
secutive generations was suggestive of BDCS. 
 

 
Figure 2. The index patient’s mother at the age of 37 years. a) Follicular atrophoderma on the extensor areas 
of her knees and elbows. b) Hypotrichosis of the scalp with a pigmented BCC. c) Multiple pigmented and 
nodular BCCs at the right lower eyelid. d) Dermoscopy shows telangiectasia and absence of a pigment net-
work, suggestive for pigmented basal cell carcinoma. 

Discussion 

BDCS is a rare hereditary disorder that is characterized by pathologic changes in hair 
follicle structures. To date, less than 20 sporadic and familial cases have been reported1-

17, with the youngest patient manifesting a BCC being 16 years old (Table 1).2 By con-
trast, we here describe two females who developed their first BCCs at the very young 
age of 3 (individual III-2 in Fig. 1a) and 5 years (individual IV-1 in Fig. 1a), respectively. 
The occurrence of BCCs in children is very rare and in these individuals an underlying 
genetic disorder should be excluded.18 Our findings in the family presented here sug-
gest that when the temptative diagnosis of BDCS is made, screening for BCCs should be 
initiated during the first decade of life already and, if possible, by an experienced der-
matologist since these tumors might be subtle and escape the eyes of an untrained 
physician.  

(a) (b)

(c) (d)
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Table 1. Clinical characteristics of families with Bazex-Dupré-Christol syndrome reported to date. Note that 
onset of basal cel carcinomas has not yet been reported during the first decade of life. All patients/families 
with milia are marked in bold. n.d.: presence of basal cell carcinoma not described. 

Age at onset of first BCC 
(in years) 

Further symptoms Reference 

Unknown Hypotrichosis, follicular atrophoderma 1 

n.d. Congenital hypotrichosis, follicular atrophoderma, milia, 
prolymphocytic leukemia 

9 

Unknown Hypotrichosis, follicular atrophoderma 12 

Unknown Hypotrichosis, milia 17 

Unknown Hypotrichosis, milia 5 

Unkown Hypotrichosis, follicular atrophoderma 15 

21,28, 53 Hypotrichosis, follicular atrophoderma, milia, hypohidrosis 14 

n.d. Pigmented follicular atrophoderma, milia, epidermal cysts 13 

20 Congenital hypotrichosis, milia 7 

35 Hypotrichosis, milia, hypohidrosis. 4 

n.d. Hypotrichosis, follicular atrophoderma, milia 8 

n.d. Hypotrichosis, follicular atrophoderma, milia, brown papules over the 
genital area, trichoepithelioma 

6 

35 Hypotrichosis, follicular atrophoderma, milia, hypohidrosis 11 

n.d. Hypotrichosis, milia, epidermal cysts 16 

Unknown Hypotrichosis, milia 10 

16 Congenital hypotrichosis, follicular atrophoderma, milia, hypohidrosis 2 

n.d. Congenital hypotrichosis, follicular atrophoderma, hyperpigmented 
papules on head and neck, facial hyperpigmentation, 
trichoepithelioma, hypotonia, seizures, mild global developmental 
delay 

3 

3, 5 Hypotrichosis, follicular atrophoderma, milia, hyperpigmentation of 
the face 

This study 

 
BCC is the most frequent malignant tumor of the skin with a peak incidence in late 
adulthood. It usually arises in the sun-exposed areas of the body. A variety of factors 
have been reported to play an important role in the etiology of BCC, including cumula-
tive exposure to UV-radiation, radiotherapy, immunosuppression, Fitzpatrick skin type 1 
and 2, a positive family history, and genetic defects.18 

The phenotype in BDCS is variable, both within and between affected families.5 Goe-
teyn and colleagues suggested that females might be less severely affected than males.5 
In contrast with their findings, we observed that the females in our family had a rather 
pronounced phenotype, including the manifestation of BCCs in early childhood. 

When familial occurrence of BCCs during childhood and adolescence is observed, 
the differential diagnosis includes hereditary syndromes such as, e.g. Gorlin syndrome, 
Rombo syndrome, Oley syndrome, and Xeroderma pigmentosum. In contrast to Gorlin 
syndrome, BDCS does not manifest with palmoplantar pits or skeletal abnormalities. 
Patients with Rombo syndrome usually have telangiectases and acral erythema.19 Still, 
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some features overlapping with the phenotype in BDCS may be encountered, mainly 
atrophoderma vermiculatum and trichoepitheliomas.3,6 In this regard, the phenotype 
observed in our family shows a significant overlap with ROMBO syndrome. In particular, 
in the index patient we found atrophoderma on the cheeks, where atrophofoderma 
vermiculatum is usually localized in ROMBO syndrome. In individual II-2, we observed 
atrophoderma on the knees and elbows, a site that is also affected in ROMBO syn-
drome.19 On the other hand, none of the family members had follicular atrophoderma 
on the dorsa of the hands, which seems to be the predominant localization in BDCS 
sites. Furthermore, individual III-2 showed branch-like telangiectases, which can also be 
observed in ROMBO syndrome. Oley syndrome seems to be a minor form of BDCS, 
characterized predominantly by congenital hypotrichosis and milia, which show a spon-
taneous regression during adolescence. Thus, the differential diagnosis may be difficult. 
In contrast to BDCS, patients with Xeroderma pigmentosum show early onset of freckles 
in sun-exposed areas, poikiloderma, and premature skin ageing.20 Both Gorlin and Rom-
bo syndrome are inherited in an autosomal dominant fashion, whereas Xeroderma 
pigmentosum is an autosomal recessive disorder. 

Until now, the clinical manifestations in BDCS could be subdivided into frequent and 
infrequent symptoms. The first comprise the classical triade of hypotrichosis, follicular 
atrophoderma, and BCCs as described in the original report of Bazex and colleagues.1 
The latter contain, among others, milia. Since a review of all cases and families with 
BDCS reported to date revealed that milia were present in the vast majority of these 
patients it is tempting to suggest that milia could also be considered frequent clinical 
signs rather than infrequent ones, as depicted in Table 2.  

Table 2. Suggestion for a revised classification of frequenly and infrequently encountered symptoms in Bazex-
Dupré-Christol syndrome. We suggest that milia should be considered a frequent clinical sign. 

Frequent symptoms Infrequent symptoms 

Basal cell carcinomas 
Follicular atrophoderma 
Hypotrichosis 
Milia 

Epidermal cysts 
Hyperpigmentation of the face 
Hypohidrosis 
Trichoepitheliomas 

 
Many of the BCCs detected in individuals III-2 and IV-1 were pigmented (Figures 1b, 2b, 
and 2c). To the best of our knowledge, pigmented BCCs have not yet been described in 
BDCS. Clinically, a deeply pigmented BCC may be difficult to differentiate from a malig-
nant melanoma. Although the manifestation of malignant melanoma in children is un-
common, too, they tend to occur more frequently than BCCs.21 In these cases, dermo-
scopy might be helpful, as in our patients (Figure 2d). 

Preventive measures in BDCS such as predictive genetic testing are mainly ham-
pered by the fact that the causative gene is unknown. Pujol and colleagues sought to 
prevent tumor development with 13 cis-retinoid, topical retinoid acid, and etretinate 
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but this prophylactic treatment failed.22 In clinically overt and histopathologically con-
firmed BCCs the first choice therapy is surgical excision.  

Since our report shows that in BDCS there is an apparent risk for the manifestation 
of BCCs at very young age we consider it very important to offer a regular tumor scree-
ning to affected families, e.g. once to twice a year, dependent on the individual dynam-
ics of the disease. In children with BCCs, the differential diagnosis of BDCS should always 
be considered.  
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MADAM, Bazex-Dupré-Christol syndrome (BDCS) (OMIM 301845) is a hereditary tumor 
disorder that was first recognized in 1964 by Bazex and colleagues.1 The disease is cha-
racterized by a triad of congenital hypotrichosis; early development of basal cell carci-
nomas (BCCs) from the first decade onwards; and follicular atrophoderma, most fre-
quently localized on the dorsa of the hands and feet, extensor surfaces of the elbows 
and knees, and the face. Follicular atrophoderma presents as follicular funnels (so-
called ”ice-pick-marks”) due to deep and lax follicular ostia.2 Further symptoms de-
scribed in patients with BDCS comprise disseminated milia, hyperpigmentation of the 
forehead, localized hypohidrosis, and hair shaft abnormalities.3,4  

The diagnosis of this rare genodermatosis can be difficult because the clinical symp-
toms can develop at different age with intra- and interfamilial phenotypic variation.5 
Usually, hypotrichosis is the earliest sign.6 Consequently, the disease has to be differen-
tiated from other genetic disorders manifesting with congenital or early-onset hair loss 
such as hypotrichosis simplex, and hypohidrotic ectodermal dysplasia.7 Further differen-
tial diagnoses of BDCS on the one hand include hereditary tumor syndromes associated 
with early onset of BCCs such as Gorlin syndrome (OMIM 109400) and Rombo syn-
drome (OMIM 180730), and on the other hand rare ectodermal dysplasias with prone-
ness to skin tumor development such as, e.g., generalized basaloid follicular hamartoma 
syndrome (OMIM 605827), odonto-onycho-dermal dysplasia (OMIM 257980), and 
Schöpf-Schulz-Passarge syndrome (OMIM 224750).8  

To date, not more than twenty families with BDCS have been reported. Since none 
of these families showed male-to-male transmission,5,6,8 an X-linked dominant inhe-
ritance mode was proposed. Indeed, Vabres et al. in 1995 reported linkage of three 
French BDCS families to a 23.3 Mb region on chromosome Xq24-27.1, suggesting that 
the disorder might be caused by a single gene defect only.9  

Recently, we ascertained a novel family with BDCS. This six-generation family of 
German origin comprised 9 living affected members from four generations (Fig. 1a). To 
ascertain familials who fulfilled the clinical criteria of BDCS outlined above, all living 
individuals outlined in the pedigree were examined by a dermatologist from our group 
(either F.A. and/or J.F.). In line with previous clinical reports, we noted in affected family 
members some degree of phenotypic variation with, e.g. individual VI-2 developing 
multiple and progressive BCCs already at the age of 5 years (Fig. 1b), whereas individual 
V-5 in Fig. 1a manifested few BCCs only, starting in the 3rd decade of life.  

Informed consent was obtained from all participants in accordance with local ethics 
committee guidelines and genomic DNA was isolated from peripheral blood samples 
according to standard techniques.10 We ascertained linkage to the long arm of chromo-
some X with 11 microsatellite markers, in the order centromere, DXS424, DXS8059, 
DXS8057, DXS8038, DXS8068, DXS8033, DXS994, DXS1062, DXS1211, DXS1192, DXS102, 
telomere (primer sequences and amplification conditions available from the authors 
upon request). After thereby confirming linkage to the same chromosomal region pre-
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viously identified by Vabres and colleagues, we sought to narrow down the critical in-
terval and screen putative candidate genes for mutations.  
 
(a) 

 

 

Figure 1. a) Pedigree and haplotype analysis. Affected individuals are marked by filled black symbols. The 
haplotype co-segregating with the disease is marked by a square box. b) Clinical manifestation of BDCS in 
individual VI-2.  

(b)
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Haplotype analysis revealed a recombination event proximal of marker DXS8038 in 
individual VI-2. A similar recombination event also occurred in individual IV-8. Whereas 
in individual VI-2 this recombination certainly has occurred de novo, we cannot be sure 
for individual IV-8 because we do not have information about her parents (Fig. 1a). 
Considering the original linkage report from Vabres et al., we have now narrowed down 
the critical region of BDCS to be located between DXS8038 and DXS984. Thus, we could 
refine the candidate region for BDCS to an 11.4 Mb interval on chromosome Xq25-27.1, 
according to the physical map of the USCS Genome Browser, version February 2009, 
GRCh37/ hg19 (www.genome.ucsc.edu).  

The newly defined region contains 101 genes. Considering the clinical symptoms en-
countered in BDCS we hypothesized that the gene mutated in this disorder might play 
an important role in regulating cell proliferation and differentiation in the hair follicle. 
Based on this assumption, we screened the coding regions and adjacent splice sites of 
12 candidate genes for mutations: ACTRT1, AIFM1, RAB33a, SUHW3, ENOX2, MST4, 
RAP2C/ TFPD3, HS6ST2, ZNF449, ZNF75D, GPR112, ARHGEF6 (Table 1; primer sequen-
ces and amplification conditions available from the authors upon request). However, we 
did not find a pathogenic mutation.  

Although we were not able to find the causative genetic defect for BDCS we nar-
rowed down the critical interval considerably and excluded several candidate genes. 
Additional families with this disorder will have to be studied to further refine the candi-
date region. Elucidation of the genetic defect underlying BDCS is expected to provide 
new insights into the pathophysiology of hair follicle development and growth as well as 
the molecular mechanisms governing formation of hair follicle tumors, in particular 
trichoepithelioma and BCC. 

Table 1. Candidate genes excluded. 

Gene Locus Function 
ACTRT1 ChrX:127,012,624-127,014,063 Plays a role in cell growth and/or maintenance. 
AIFM1 ChrX:129,091,019-129,127,489 Caspase-independent mitochondrial effector of 

apoptotic cell death. 
RAB33a ChrX:129,133,454-129,146,525 GTP-binding protein that may be involved in 

vesicle transport. 
SUHW3 ChrX:129,164,368-129,230,554 Involved in cell growth and cell differentiation 
ENOX2 ChrX:129,585,038-129,864,889 Growth-related cell surface protein 
MST4 ChrX:130,985,317-131,037,652 Functions in the apoptotic pathway 
RAP2C/ TFPD3 ChrX:131,164,734-131,179,870 Involved in SRE-mediated gene transcription 
HS6ST2 ChrX:131,587,719-131,923,093 Interacts with various ligands to influence cell 

growth, differentiation, adhesion, and 
migration. 

ZNF449 ChrX:134,306,362-134,325,004 Involved in cell growth and cell differentiation. 
ZNF75D ChrX:134,247,385-134,305,623 Involved in cell growth and cell differentiation. 
GPR112 ChrX:135,210,788-135,326,713 Transmembrane receptor that activates 

different signal transduction pathways. 
ARHGEF6 ChrX:135,575,377-135,691,169 Forms a complex with G proteins and 

stimulates Rho-dependent signals. 
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Skin adnexal tumors show a broad range of phenotypic variability and usually distinct, 
but sometimes also overlapping histopathological characteristics. To date, different 
genes and signaling routes have been implicated in the development and growth of 
these tumors, including the hedgehog and the NF-kB signaling pathway, as in BDCS and 
BSS, respectively. A better understanding of the specific molecular defects giving rise to 
rare hereditary disorders associated with cutaneous adnexal tumors might pave the 
way to the development of targeted topical and systemic therapies for these tumors 
when occurring as sporadic and solitary lesions or in a non-syndromic setting.  

Both BSS and BDCS might be underdiagnosed or can even go undiagnosed for years. 
This is mainly due to the reason that i) both disorders are rare or, in the case of BDCS, 
even very rare and, thus, possibly unfamiliar to most physicians, ii) their clinical symp-
toms may be mild and subtle, iii) disease onset can occur at different age, and iv) pa-
tients and families with both BSS and BDCS show inter- and intrafamilial phenotypic 
variability. 

Here, we sought to delineate more comprehensively different aspects of these cu-
taneous tumor disorders, in particular the variable clinical manifestation of apparently 
allelic diseases, the molecular genetic background and mutational spectrum of BSS and 
BDCS, as well as established and novel treatment options. 

Brooke-Spiegler syndrome 

Clinical spectrum 

In BSS, the extent and size of individual tumors may vary from a few, subtle and barely 
noticeable translucent to skin-colored facial papules of 2-3 mm in diameter to the for-
mation of an enormous tumor mass that can cover the entire circumference of the 
scalp, a so-called turban tumor. Such phenotypic differences can even be observed 
within the same family with an identical CYLD mutation.1 Albeit the full-blown picture of 
turban tumor is very rare, this severe and most dramatic clinical manifestation of BSS is 
associated more frequently with complications such as secondary infection, fetor, and 
ulceration. In such cases, the psychological burden impaled on affected individuals 
should not be underestimated. In about 6% of BSS patients, cylindromas can grow into 
the external auditory channel, thereby leading to hearing impairment or even loss due 
to obstruction and occlusion of the auditory channel, as in the individual described in 
chapter 2. Apart from hearing impairment, also calvarian defects and intracranial inva-
sion have been reported.2-4 

Intriguingly, some patients with BSS may manifest cylindromas or trichoepitheliomas 
only. These disorders, referred to as familial cylindromatosis and multiple familial 
trichoepithelioma, respectively, are allelic with BSS. This can be proven by molecular 
genetic diagnosis and identification of an underlying CYLD mutation. However, there is 
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evidence that the occurrence of familial trichoepitheliomas can also be due to an as of 
yet unknown genetic defect located on chromosome 9p21, as shown by Harada and 
colleagues in 1996.5 

Molecular genetic background 

Currently, more than 100 CYLD mutations have been detected. The spectrum of CYLD 
mutations reported to date comprises missense (12%), nonsense (30%), frameshift 
(50%), splice site (15%) mutations, and large genomic deletions (3%). Through molecu-
lar studies we added 9 novel and 2 recurrent CYLD germline mutations in Dutch, Ger-
man and Turkish patients and families, as demonstrated in chapters 3.1 and 3.2.  

Until recently, there were no studies on the structural and functional consequences 
of CYLD splice site mutations. Therefore, we evaluated the effects of three splice site 
mutations on the cellular and RNA genetic level, as shown in chapter 3.1.  

First, we demonstrated equal CYLD expression in normal human epidermal keratino-
cytes, leukocytes and peripheral blood mononuclear cells. Knowledge on the cell-type 
specific expression of CYLD should facilitate the functional assessment of splice site 
mutations in the future.  

Generally, splice site mutations can cause intron retention, exon skipping, cryptic 
splicing and combinations thereof, resulting in in-frame or out-of-frame translation. 
Out-of-frame translation and nonsense mutations generally lead to the occurrence of a 
premature stop codon (PTC).6 Such PTCs can either result in the formation of a trunca-
ted protein7 or lead to degradation and elimination of mutated transcripts by nonsense-
mediated mRNA decay.6 By reverse transcriptase (RT-)PCR, we ascertained that two of 
the splice site mutations (c.2108+1G>A and c.2242-2A>G) result in skipping of exons 15 
and 17, respectively, leading to putative out-of-frame translation and generation of a 
PTC. By contrast, splice site mutation c.2109-2A>C did not show an aberrant splicing 
pattern. This finding suggested that the transcript of the mutated allele is subject to 
nonsense-mediated mRNA decay. CYLD mRNA expression was measured in peripheral 
blood leukocytes by quantitative RT-PCR. This confirmed the outcome of our RT-PCR, 
since only mutation c.2109-2A>C is associated with evident mRNA decay. Clinically, the 
patient carrying mutation c.2109-2A>C presented with cylindromas only. As opposed to 
this, mutations c.2108+1G>A and c.2242-2A>G only lead to negligible mRNA decay, 
indicating that transcription from these mutant alleles might result in the formation of 
truncated and dysfunctional proteins. Clinically, both patients carrying these mutations 
showed cylindromas and trichoepitheliomas. Although these data could indicate a cer-
tain genotype-phenotype-correlation, the residual amounts of mRNA seem to be unre-
lated to the distinct phenotypes in patients with CYLD splice site mutations, because 
mutation c.2109-2A>C has already been described in a patient with trichoepithelioma 
only.8 This finding currently largely excludes a genotype-phenotype correlation in BSS.  
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Since a single CYLD mutation can give rise to different phenotypes, even within one 
family, the question arises whether other mechanisms are involved in the development 
of BSS, multiple familial trichoepithelioma and familial cylindromatosis. Such factors 
may include as of yet unknown environmental factors, modifier genes or epigenetic 
events.9 

Mosaicism in BSS 

A segmental or linear presentation of cylindromas, trichoepitheliomas or spiradenomas 
has been described on few occasions only.10-17  

Here, we studied a female patient with trichoepitheliomas in a segmental distribu-
tion on her shoulder, as described in chapter 3.3. Clinically, we considered a type 1 
segmental mosaicism since i) the tumors occurred at the same age as one would expect 
the common and diffuse phenotype to manifest, and ii) disease severity was equal as in 
the symmetric phenotype caused by a heterozygous germline mutation. After extracting 
DNA from the segmentally aligned trichoepitheliomas, direct sequencing of the CYLD 
gene did not reveal a mutation. This, however, does not completely rule out the possi-
bility of a postzygotic somatic CYLD mutation as underlying genetic cause. For instance, 
it would be conceivable that we missed a CYLD mutation located in the promoter or 
deep intronic regions. Likewise, epigenetic events could be responsible for the pheno-
type, as could be the involvement of other, hitherto unknown genes. As to the latter, 
one possible candidate gene could be located within the linkage interval for multiple 
familial trichoepitheliomas on chromosome 9p21, as previously reported.5 In this con-
text, it would be challenging and interesting to study more patients with mosaic mani-
festation of cylindromas, trichoepitheliomas or spiradenomas, to elucidate the underly-
ing pathogenetic mechanisms. 

Treatment 

To date, no curative therapy is available for BSS. The treatment of first choice in affec-
ted patients with BSS is surgical excision of the tumors. However, in individuals with a 
turban tumor this can be challenging, mainly due to two reasons. First, the possible 
extent of the tumors masses; and second, due to the fact that cylindromas and 
trichoepitheliomas are hair follicle tumors, which results in the necessity to excise the 
entire skin to prevent tumor recurrence. Furthermore, the functional outcome of a 
subsequent reconstruction is very important because affected individuals often want to 
wear a wig post surgery. The use of artificial dermis to establish a solid outcome is well 
established in the management of acute burns and oncological resections with full-
thickness calvarial defects.18,19 In cooperation with our colleagues from the Department 
of Plastic and Reconstructive Surgery of the Maastricht University Medical Center+ we 
for the first time treated a female patient with extensive tumor manifestation on the 
scalp with this therapeutic regimen, as described in chapter 4. 
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Since the treatment of turban tumors is very complex, we generally recommend a 
multidisciplinary approach in which dermatologists, plastic surgeons, psychologists, and 
otorhinolaryngologists can bundle their expertise. 

Theoretically, a targeted, pathway-based therapy would be desirable. This could be 
achieved, e.g. by interference with the NF-κB signaling route. Although Brummelkamp 
and colleagues20 as well as other groups have explored such therapeutic approaches, 
they altogether have been unsuccessful, as of yet. Still, such causal therapeutic at-
tempts could eventually lead to improved treatment options for affected individuals. 
Salicylic acid inhibits IKK-gamma, and thereby it interferes with the canonical NF-κB 
pathway. However, its inhibitory potential is weak and, thus, a possible solution could 
be the use of more potent pathway inhibitors. We also applied this treatment to the 
patient described in chapter 2. Unfortunately though, this therapy likewise was not 
successful. Therefore, more insights into the underlying genetic mechanisms governing 
tumor formation will be needed to improve targeted therapeutic approaches in BSS. 

Part 2. Bazex-Dupré-Christol syndrome 

Clinical spectrum 

Besides the characteristic clinical triad of hypotrichosis, follicular atrophoderma and 
basal cell carcinomas that was described in the original report of Bazex, Dupré and 
Christol,21 other symptoms can be encountered less frequently. These symptoms fea-
tures comprise milia, hypohidrosis, hair shaft abnormalities, such as pili torti and 
trichorrhexis nodosa, facial hyperpigmentation, pinched nose with hypoplastic nasal 
alae and prominent columella, and trichoepitheliomas. 

In an attempt to delineate more precisely the frequency of milia, we revisited all re-
ports on BDCS. Thereby, we found that milia occur more often than, e.g. follicular 
atrophoderma, namely in 81% of patients and families with BDCS, as described in chap-
ter 7.22-24 Therefore, we suggest that milia should be added to the triad of hypotrichosis, 
follicular atrophoderma and basal cell carcinomas, as a frequent clinical manifestation 
of the disorder. 

To date, the manifestation of basal cell carcinomas in BDCS was described from the 
second decade onwards. In chapter 7, however, we show for the first time these tumors 
may also occur in children at the age of three and five years, respectively. Whenever 
basal cell carcinomas occur in young individuals, an underlying genetic disorder, such as 
BDCS, should be excluded. Other hereditary tumor disorders to be excluded in such 
cases include basal cell nevus syndrome, Rombo syndrome, Oley syndrome and Xero-
derma pigmentosum, as described in chapter 5.  

The differential diagnosis between BDCS and these other disorders may be difficult 
since there are overlapping clinical features. Patients with basal cell nevus syndrome 
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develop basal cell carcinomas and facial milia, but, most importantly, also extracutane-
ous manifestations such as macrocephaly, jaw cysts and skeletal abnormalities, which 
are not encountered in BDCS. Rombo syndrome is an autosomal dominant disorder 
characterized by vermiculate atrophoderma on the elbows and cheeks, development of 
basal cell carcinomas, hypotrichosis, trichoepitheliomas and reddening of the skin. Both 
vermiculate atrophoderma on the elbows and cheeks as well as peripheral vasodilata-
tion have not yet been described in BDCS. Oley syndrome manifests with congenital 
hypotrichosis, milia and basal cell carcinomas. However, it is not clear if it reflects an 
own entity or merely a milder variant of BDCS. Individuals with Xeroderma pigmento-
sum can also develop basal cell carcinomas. However, this disorder can also manifest 
with other malignant skin tumors, e.g. malignant melanoma, and is characterized by 
severe early-onset photosensitivity, premature skin ageing, photophobia, and poikilo-
derma. 

In approximately one third of families with BDCS, trichoepitheliomas are ob-
served.22,25-28 Both clinically and histologically, it can be difficult to differentiate be-
tween basal cell carcinomas and trichoepitheliomas. The predilection sites of basal cell 
carcinomas and trichoepitheliomas are similar and include the head and neck region as 
well as the trunk. Histologically, both trichoepitheliomas and basal cell carcinomas show 
nests of basaloid cells with follicular differentiation. Trichoepitheliomas show trabecular 
nests surrounded by stroma containing fibroblasts, while basal cell carcinomas manifest 
peripheral palisading of basaloid keratinocytes, cleft formation between tumor nests 
and stroma, ulceration and mitotic figures. However, not all characteristics may be 
present, and therefore it can be challenging to distinct a trichoepithelioma from a basal 
cell carcinoma histologically. Additional immunohistochemistry can offer diagnostic 
support in these cases. In previous studies, several immunohistochemical markers have 
been applied, albeit with ambiguous results. Here, we studied the potential of androgen 
receptor and TGF-β as histological biomarkers for the differentiation between these two 
tumors, as described in chapter 6.  

Androgen receptor is a nuclear ligand-dependent transcription factor that is activa-
ted by binding to androgens, testosterone, of dihydrotestosterone. It is expressed in 
80% of basal cell carcinomas, but not in trichoepitheliomas, as confirmed by Mostafa et 
al. and Arits et al.29,30 Whereas a positive staining confirms the diagnosis of basal cell 
carcinoma, a negative staining does not exclude it. 

TGF-β plays a key role in controlling cell proliferation and differentiation. TGF-β 
shows a positive staining in trichoepitheliomas, but is negative in basal cell carcinomas. 
Other useful markers to differentiate between basal cell carcinomas and trichoepitheli-
omas include CD10, Ki-67, and PHLDA1.29 
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Molecular genetic background 

Until recently, the underlying genetic defect of BDCS was unknown. An X-linked inher-
itance pattern was suspected since none of the affected families showed male-to-male 
transmission. In 1995, Vabres and colleagues mapped the gene of BDCS to chromosome 
Xq24-27.1.31 In chapter 8, we studied a German family with BDCS and performed haplo-
type analysis. We were able to refine the candidate region to an 11.4 Mb interval on 
chromosome Xq25-27.1, which contained 101 genes. Since we hypothesized that the 
causing gene would play a role in hair follicle differentiation and regulating cell prolifer-
ation, we selected 12 candidate genes: ACTRT1, AIFM1, RAB33A, SUHW3/ZNF280C, 
ENOX2, MST4, RAP2C/TFPD3, HS6ST2, ZNF449, ZNF75D, GPR112, and ARHGEF6. We 
performed mutation analysis of the coding regions and adjacent splice sites, but were 
not able to detect a pathogenic mutation. Interestingly, Bal and colleagues reported in 
2017 that they found mutations in the ACTRT1 gene in two families with BDCS, and 
germline mutations in transcribed sequences encoding enhancer RNAs (eRNAs), located 
in the non-coding sequences surrounding the ACTRT1 gene in 4 other families with 
BDCS.32 Intriguingly, the ACTRT1 gene is located outside our candidate region in a 2.6 
Mb gene desert, and we did not detect a mutation in the ACTRT1 gene in our family. 
One explanation could be that the underlying genetic defect in our family is located in 
non-coding sequences of the ACTRT1 gene that we did not sequence. Other possible 
explanations for not detecting disease-causing sequence alterations in the ACTRT1 gene 
in our family could be either mutations in the promoter region or eRNAs; or the in-
volvement of other hitherto unknown genes in disease pathogenesis. Likewise, epige-
netic events could silence the function of ACTRT1, e.g. DNA methylation or histone 
modification. 

The ACTRT1 gene encodes for actin-related protein T1 (ARP-T1), which plays a role 
in cell growth and/or maintenance. ARP-T1 inhibits the transcription factor GLI1 expres-
sion by binding to the GLI1 promoter, which leads to activation of the Hedgehog signal-
ing pathway. The hedgehog signaling pathway is also involved in the development of 
sporadic basal cell carcinomas and basal cell nevus syndrome.33 Further studies will be 
required to elucidate possible other pathogenetic mechanisms involved in BDCS.   

In summary, our studies on BSS and BDCS show that several facets of these disor-
ders are still not well understood and require in depth molecular studies to better un-
derstand the underlying pathogenetic mechanisms. This, eventually, should also lead to 
the development of better treatment modalities with less necessity for repeated surgi-
cal interventions and, thus, to an increased quality of life for affected individuals.  
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In this thesis, two rare genetic disorders are discussed, both of which are characterized 
by the development of skin adnexal tumors.  

In the first part, we shed light on Brooke-Spiegler syndrome, an autosomal dominant 
genodermatosis. Patients with Brooke-Spiegler syndrome develop cylindromas, 
trichoepitheliomas, and/or spiradenomas. The diseases familial cylindromatosis and 
multiple familial trichoepitheliomas show a huge degree of clinical overlap. Both 
Brooke-Spiegler syndrome, familial cylindromatosis and multiple familial trichoepitheli-
omas are caused by mutations in the CYLD gene, thereby representing different ends of 
genetically allelic diseases. 

In the second part of this thesis, we illustrate Bazex-Dupré-Christol syndrome. This 
very rare X-linked disorder is characterized by congenital hypotrichosis, follicular 
atrophoderma and the occurrence of basal cell carcinomas at young age. In some pa-
tients and families previously reported, mutations in the ACTRT1 gene have been re-
ported. However, to date, the genetic alterations underlying the disease in several more 
affected families have not yet been unraveled. 

In chapter 1, we provide a general introduction on Brooke-Spiegler syndrome and Ba-
zex-Dupré-Christol syndrome. We describe the different tumors that can arise in these 
disorders and review the current knowledge regarding the molecular background and 
therapeutic options. 

In chapter 2, we describe a 37-year-old patient with a turban tumor. He developed 
progressive hearing loss over approximately four years and presented with pain in the 
right external acoustic meatus since four weeks. Physical examination showed a cylin-
droma with a diameter of one centimeter in the right meatus externus that caused an 
obstruction. After radical excision of the tumor the hearing defect resolved completely. 

Chapter 3 is subdivided in three sections, in which we present the results of mutation 
analysis in the CYLD gene in patients with a tentative diagnosis of Brooke-Spiegler syn-
drome.  

In 3.1 we studied three unrelated Caucasian patients with Brooke-Spiegler syn-
drome. The diagnosis was based on the characteristic clinical manifestations and histo-
pathological examination. We performed mutation analysis in the CYLD gene, which 
showed two novel pathogenic splice site mutations, designated c.2108+1G>A and 
c.2242-2A>G and a recurrent pathogenic mutation, designated c.2109-2A>C. Of note, 
the mutation identified in the first patient, c.2108+1G>A, was not detectable in either 
parent. This is the first de novo mutation reported in Brooke-Spiegler syndrome. The 
consequences of splices site mutations in the CYLD gene had not yet been studied be-
fore. To select the appropriate tissue for RNA studies, we showed that CYLD is almost 
equally expressed in normal human keratinocytes, leukocytes and peripheral blood 
mononuclear cells. Mutations c.2108+1G>A and c.2242A>G resulted in exon skipping of 
exon 15 and 17, respectively, while we did not find an aberrant splicing pattern for 
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c.2109-2A>C. By qRT-PCR, we showed that mutations c.2108+1G>A and c.2242-2A>C 
did not result in a significant decrease of mRNA levels whereas mutation c.2109-2A>C is 
associated with approximately 60% mRNA decay when compared to a control. How-
ever, no genotype-phenotype correlations could be deduced from these results.  

In 3.2, we sought to elucidate the molecular genetic basis in 7 German and 1 Turkish 
patients with multiple cylindromas, trichoepitheliomas and/or spiradenomas. Mutation 
analysis showed two missense, two nonsense, two deletion, and two duplication muta-
tions in the CYLD gene, respectively c.2261T>G, c.2581T>G, c.2409C>A, c.2540G>A, 
c.2081del, c.822del, c.2649dup and c.588_591dup. Seven of these mutations had not 
been reported previously. We give an overview on all mutations in the CYLD gene de-
scribed earlier. 

In 3.3, we present a 24-year-old patient with a segmental manifestation of trichoepi-
theliomas on her right shoulder, following the lines of Blaschko. The clinical presenta-
tion was suggestive of a segmental type 1 somatic mosaicism, according to Happle. 
Segmental manifestations of Brooke-Spiegler syndrome are rare and had not been ana-
lyzed on the molecular genetic level previously. We performed mutation analysis in the 
CYLD gene on peripheral blood mononuclear cells and tumor tissue but could not detect 
any pathogenic mutations. 

In chapter 4, we describe a novel therapeutic regimen for turban tumor. A 47-year-old 
woman with a turban tumor suffered from depression and felt secluded from social life 
due to her appearance. The purpose of treatment was creating a robust skin to enable 
her wearing a wig. We performed a total scalp excision down to the periosteum, fol-
lowed by coverage of the periosteum with an artificial dermis. Three weeks thereafter, 
we successfully covered the artificial dermis with split skin grafts. Four months after the 
surgery, she was able to wear a wig, which resulted in an increased self-esteem. 

In chapter 5, we provide an overview on hereditary diseases featuring basal cell carci-
nomas. We discuss basal cell nevus syndrome, Bazex-Dupré-Christol syndrome, Rombo 
syndrome, Oley syndrome and Xeroderma pigmentosum. 

Chapter 6 delineates the difficulties in differentiating between trichoepitheliomas and 
basal cell carcinomas, both clinically and histopathologically. Immunohistochemical 
examination can provide additional information, and we show that immunostaining 
with androgen receptor and TGF-β can be helpful to differentiate these two tumors. 

In chapter 7, we present a German family with Bazex-Dupré-Christol syndrome. The 
index patient and her mother developed a basal cell carcinoma at the age of three and 
five years, respectively. They also manifested hypotrichosis, milia in the face and on the 
ears and follicular atrophoderma. Both her grandfather and grand-grandmother had a 
medical history of similar clinical symptoms. Since the basal cell carcinomas occurred in 
early childhood, we advise that screening for basal cell carcinomas should already be 
initiated from the first decade of life onwards by an experienced dermatologist when 
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the tentative diagnosis of Bazex-Dupré-Christol syndrome is made because the tumor 
manifestation might be subtle at onset. We also revised all cases of Bazex-Dupré-
Christol syndrome and showed that 80% of the patients develop milia. We therefore 
suggest that milia should be added as an additional cutaneous symptom to the primor-
dially clinical triad of hypotrichosis, follicular atrophoderma and basal cell carcinomas. 

In chapter 8, we describe a six-generation pedigree of German origin with Bazex-Dupré-
Christol syndrome. Up to that point, the disorder was linked to a 23.3 Mb interval on 
the long arm of chromosome X (Xq24-27.1) but the underlying genetic defect was un-
known. By performing haplotype analysis, we were able to refine the candidate region 
to an 11.4 Mb interval (Xq25-27.1). Subsequently, we screened 12 candidate genes for 
mutations, namely ACTRT1, AIFM1, RAB33A, SUHW3/ANF280C, ENOX2, MST4, 
RAP2C/TFPD3, HS6ST2, ZNF449, ZNF75D, GPR112, and ARHGEF6. However, we did not 
find a pathogenic mutation although mutations in the ACTRT1 gene were recently de-
scribed in a subset of patients with Bazex-Dupré-Christol syndrome.  
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Dit proefschrift richt zich op twee zeldzame genetische aandoeningen die gekenmerkt 
worden door het ontstaan van huidadnextumoren. 

In het eerste deel wordt gekeken naar het Brooke-Spiegler syndroom, een autosomaal 
dominante genodermatose. Patiënten met Brooke-Spiegler syndroom ontwikkelen 
cylindromen, trichoepitheliomen en/of spiradenomen. De ziektes familiaire cylindroma-
tose en multipele familiaire trichoepitheliomen tonen grote klinische overlap. Zowel 
Brooke-Spiegler syndroom als familiaire cylindromatose en multipele familiaire tri-
choepitheliomen worden veroorzaakt door mutaties in het CYLD gen en representeren 
verschillende eindes van genetisch allelische aandoeningen. 

In het tweede deel van dit proefschrift wordt het Bazex-Dupré-Christol syndroom 
belicht. Dit is een zeer zeldzame X-gebonden ziekte, gekenmerkt door congenitale hy-
potrichose, folliculaire atrophoderma en het ontstaan van basaalcelcarcinomen op 
jonge leeftijd. In enkele eerder beschreven patienten en families zijn mutaties in het 
ACTRT1 gen gerapporteerd. Echter, tot op heden zijn in verschillende andere families de 
genetische veranderingen die ten grondslag liggen aan de ziekte nog niet opgehelderd. 

In hoofdstuk 1 wordt een algemene introductie gegeven over het Brooke-Spiegler en 
Bazex-Dupré-Christol syndroom. Hierin wordt aandacht gegeven aan de verschillende 
tumoren die kunnen ontstaan in deze ziekten, en er wordt een overzicht gegeven over 
de huidige kennis van de moleculaire achtergrond en de therapeutische opties. 

In hoofdstuk 2 beschrijven we een 37-jarige patiënt met een turban tumor. Hij had sinds 
4 jaar progressieve gehoorverlies aan het rechter oor en sinds 4 weken pijn in de rech-
ter gehoorgang. Lichamelijk onderzoek toonde een 1 centimeter groot cylindroom in de 
rechter gehoorgang waardoor er een obstructie van de gehoorgang was ontstaan. Het 
cylindroom werd verwijderd waarna de gehoorsproblemen verdwenen. Nadien werd hij 
behandeld met topicaal 20% salicylzuur in elastic collodion basis, echter zonder effect. 

Hoofdstuk 3  is onderverdeeld in drie delen. Hierin worden de resultaten weergegeven 
van de mutatieanalyse van het CYLD gen bij patiënten met een klinische verdenking op 
Brooke-Spiegler syndroom.    

In 3.1 beschrijven we 3 niet-gerelateerde Caucasische patiënten met Brooke-
Spiegler syndroom. De diagnose was gesteld op basis van het klinisch beeld en histopa-
thologie. We hebben mutatie-analyse van het CYLD gen uitgevoerd en dit toonde twee 
niet-eerder beschreven pathogene splice site mutaties, te weten c.2108+1G>A en 
c.2242-2A>G, en een reeds bekende pathogene splice site mutatie c.2109-2A>C. Opval-
lend was dat de ouders van de eerste patiënte met mutatie c.2108+1G>A geen drager 
waren van deze mutatie. Dit is de eerste gerapporteerde de novo mutatie in Brooke-
Spiegler syndroom. De consequenties van splice site mutaties in het CYLD gen waren 
nooit eerder beschreven. Om het goede weefsel te selecteren voor RNA studies, toon-
den we aan dat de expressie van CYLD in humane epidermale keratinocyten, leukocyten 
en perifere bloed mononucleaire cellen nagenoeg gelijk is. Mutaties c.2108+1G>A en 
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c.2242-2A>G resulteerden in exon skipping van respectievelijk exon 15 en 17, terwijl er 
geen splicing patroon werd gevonden voor c.2109-2A>C. qRT-PCR toonde overeenkom-
stig deze resultaten dat mutaties c.2108+1G>A en c.2242-2A>G geen significante verla-
ging lieten zien van mRNA levels, terwijl mutatie c.2109-2A>C is geassocieerd met on-
geveer 60% mRNA decay vergeleken met een controle. Deze uitkomsten leidden echter 
niet tot een genotype-phenotype correlatie.  

In 3.2 hebben we 7 Duitse patiënten en 1 Turkse patiënte onderzocht met multipele 
cylindromen, trichoepitheliomen en/of spiradenomen. Mutatie-analyse toonde twee 
missense, twee nonsense, twee deletie en twee duplicatie mutaties in het CYLD gen, te 
weten c.2261T>G, c.2581T>G, c.2409C>A, c.2540G>A, c.2081del, c.822del, c.2649dup 
en c.588_591dup, waarvan er zeven niet eerder gerapporteerd waren. We geven een 
overzicht van de eerder beschreven CYLD mutaties. 

In 3.3 presenteren we een 24-jarige patiënte met segmentale trichoepitheliomen 
volgens de lijnen van Blaschko op haar rechter schouder. Klinisch paste het beeld bij 
een type 1 segmentale vorm van mosaïcisme. Segmentale varianten van Brooke-
Spiegler syndroom zijn zeldzaam, en waren niet eerder genetisch geanalyseerd. We 
hebben mutatie-analyse verricht van het CYLD gen in het perifere bloed en in het aan-
gedane weefsel. Dit liet echter geen mutaties zien.  

In hoofdstuk 4 beschrijven we een nieuwe therapeutische optie voor een turban tumor. 
We rapporteren een 47-jarige vrouw met een turban tumor, die zich depressief en 
sociaal geïsoleerd voelde door haar uiterlijk. Doel van de behandeling was het creëren 
van een robuuste huid waardoor ze een pruik kon gaan dragen. We voerden excisie van 
de huid uit tot op het periost, gevolgd door het aanbrengen van een artificiële dermis. 
Drie weken later konden er split skin transplantaten geplaatst worden met zeer goed 
resultaat. Vier maanden na de ingreep kon ze een pruik dragen met een positief effect 
op haar zelfbeeld. 

In hoofdstuk 5 geven we een overzicht van erfelijke ziekten met basaalcelcarcinomen. 
Hierin worden het basaalcel naevus syndroom, Bazex-Dupré-Christol syndroom, Rombo 
syndroom, Oley syndroom en Xeroderma pigmentosum beschreven. 

Hoofdstuk 6 laat zien dat het moeilijk kan zijn om zowel klinisch als histopathologisch 
onderscheid te maken tussen trichoepitheliomen en basaalcelcarcinomen. Immunohis-
tochemisch onderzoek kan hierbij helpen. In deze sectie tonen we dat de immunokleu-
ringen met de androgene receptor en TGF-β kunnen helpen bij het differentiëren tus-
sen deze twee tumoren.  

In hoofdstuk 7 wordt een Duitse familie beschreven met Bazex-Dupré-Christol syn-
droom waarbij de index patiënte en haar moeder op respectievelijk drie- en vijfjarige 
leeftijd een basaalcelcarcinoom ontwikkelden. Daarnaast toonden zij hypotrichose, 
milia in het gezicht en op de oren en folliculaire atrophoderma. Grootvader en anam-
nestisch ook overgrootmoeder hadden vergelijkbare klinische symptomen. Gezien de 
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jonge leeftijd waarop de basaalcelcarcinomen zijn ontstaan adviseren we om bij patiën-
ten bij wie klinisch gedacht wordt aan Bazex-Dupré-Christol syndroom vanaf de eerste 
decade van het leven al te screenen op basaalcelcarcinomen door een ervaren derma-
toloog aangezien de afwijkingen subtiel kunnen zijn. Daarnaast hebben we alle beschre-
ven patiënten van Bazex-Dupré-Christol syndroom gereviseerd en daaruit blijkt dat ruim 
80% van de patiënten milia ontwikkelt. We suggereren daarom dat milia toegevoegd 
moeten worden aan de oorspronkelijke triade van hypotrichose, folliculaire atropho-
derma en basaalcelcarcinomen. 

In hoofdstuk 8 hebben we een Duitse familie van zes generaties beschreven met Bazex-
Dupré-Christol syndroom. Tot dan toe was de aandoening gelinkt aan een 23.3 Mb 
interval op het X-chromosoom (Xq24-27.1), maar het onderliggende genetische defect 
was niet bekend. We hebben door middel van haplotype analyse het interval op chro-
mosoom X kunnen verkleinen naar een 11,4 Mb interval (Xq25-27.1). Daarnaast hebben 
we 12 kandidaatgenen gescreend middels mutatie-analyse, te weten ACTRT1, AIFM1, 
RAB33A, SUHW3/ANF280C, ENOX2, MST4, RAP2C/TFPD3, HS6ST2, ZNF449, ZNF75D, 
GPR112, en ARHGEF6. We konden echter geen mutatie aantonen in deze genen, hoe-
wel recent mutaties in het ACTRT1 gen in enkele patiënten met Bazex-Dupré-Christol 
syndroom zijn beschreven. 
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List of abbreviations 

aa amino acids 

ARP-T1 actin-related protein T1 

BCC basal cell carcinoma 

BCNS Basal cell nevus syndrome 

BDCS Bazex-Dupré-Christol syndrome 

bp base pairs 

BSS Brooke-Spiegler syndrome 

CAP-GLY cytoskeleton-associated protein glycine-rich 

DUB deubiquitinating enzyme 

eRNA enhancer RNA 

ExAC Exome Aggregation Consortium 

FC familial cylindromatosis 

GLI glioma-associated oncogene 

HGVS Human Genome Variation Society 

IKK IKappaB-kinase 

K48 lysine-48 

K63 lysine-63 

LPS lipopolysaccharide 

MFT multiple familial trichoepithelioma 

NEMO NF-kB essential modulator 

NF-κB nuclear factor-kappa B 

NHEK normal human epidermal keratinocytes 

NIK NF-kB-inducing kinase 

PBMC peripheral blood mononuclear cells 

PCR polymerase chain reaction 

PTC premature termination codon 

PTCH1 patched1 

RT-PCR reverse transcriptase PCR 

qRT quantitative reverse transcriptase 

SHH Sonic hedgehog 

SMO smoothened 

TE trichoepithelioma 

TGF-ß transforming growth factor-ß 

TLR Toll-like receptor 

TRAF-2 tumor necrosis factor associated receptor 2 

UCH ubiquitin C-terminal hydrolase 

USP ubiquitin-specific protease 

XP Xeroderma pigmentosum 
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En toen was het eindelijk dan toch zover… Gestart in 2007 en met verschillende tussen-
pozen is mijn proefschrift dan toch afgerond. Dank aan iedereen die me op welke ma-
nier dan ook geholpen heeft bij het tot stand laten komen van dit proefschrift. Daarbij 
wil ik enkele personen specifiek bedanken: 

Professor Steijlen, u heeft me in 2007 aangenomen voor de opleiding terwijl ik net uit 
de schoolbanken kwam. Daarnaast heeft u me de mogelijkheid geboden om naast mijn 
opleiding dit wetenschappelijk onderzoek uit te voeren. Hartelijk dank voor dit vertrou-
wen.  

Jorge, in 2007 heeft u me onder uw hoede genomen tijdens mijn wetenschappelijke 
stage in het laatste half jaar van mijn geneeskundestudie. U heeft me met uw liefde 
voor de wetenschap geënthousiasmeerd voor het verrichten van onderzoek. Ik ben blij 
dat het ons uiteindelijk toch gelukt is om het promotietraject af te ronden. Hartelijk 
dank voor alle energie die u in de begeleiding van mij gestoken heeft. 

Michel, je hebt me wegwijs gemaakt in het laboratorium en me vaak geholpen als ik 
door de bomen het bos niet meer zag. Wat was het fijn dat ik met elke vraag bij je te-
recht kon. Hartelijk dank voor de begeleiding en steun. 

Dank aan alle patiënten en families die hebben geparticipeerd in het onderzoek. Zonder 
jullie bijdrage was dit proefschrift er niet geweest. 

Annet en Ivo, jullie zijn vandaag mijn paranimfen.  
Annet, ik ken je al vanaf onze eerste onderwijsgroep in 2001. Toevallig kwamen we 
elkaar aan het eind van de geneeskundestudie weer tegen omdat we beiden interesse 
in dermatologie hadden. Tijdens de opleiding was jij mijn maatje. 
Ivo, tijdens het begin van de opleiding bleek al snel dat we het goed met elkaar konden 
vinden. Ik heb genoten van de wandelingen in het heuvelland, het bezoeken van con-
gressen in San Diego en Denver en jouw heerlijke pastagerechten.  
Hoewel we elkaar niet dagelijks spreken waardeer ik onze vriendschap enorm. Dank 
voor al jullie positiviteit en dat jullie aan mijn zijde willen staan op dit belangrijke mo-
ment. 

Alle collega’s uit het lab, met name Reno en Miriam: hartelijk dank voor de begeleiding 
en gezelligheid. 

Alle co-auteurs, dank voor het aanmelden van patiënten en de hulp bij het uitvoeren 
van enkele onderzoeken en de bijdrages voor artikels. 

Dames van het secretariaat in Maastricht: dank voor de ondersteuning en alle gezellige 
gesprekken. Jullie hulp is enorm belangrijk geweest om vooruit te komen. 
Annelieske, ik vond het erg fijn dat ik aan het eind van het traject voor elke vraag bij je 
terecht kon. Leuk dat we ook na mijn tijd in Maastricht contact hebben gehouden. 
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Oud-collega’s uit Maastricht, ik heb genoten van mijn assistententijd. Hartelijk dank 
voor alle gezellige momenten en de mooie tijd. Stafleden, dank voor het opleiden en de 
interesse. 

Collega’s uit het Jeroen Bosch Ziekenhuis, ik ben in 2012 heel fijn ontvangen in ‘s-
Hertogenbosch. We hebben een leuk team van secretaresses, doksterassistenten, ver-
pleegkundigen en artsen waarin ik me gewaardeerd voel. Dank voor de steun en de 
fijne samenwerking! Adrienne, Denise, Mitra, Monique, Rens en Robert Jan, dank dat 
jullie me de ruimte hebben gegeven om deze promotie af te kunnen ronden. 

Beste leden van de beoordelingscommissie en corona, dank voor het lezen en beoorde-
len van mijn proefschrift.  

Lieve (schoon)familie en vrienden, bedankt voor jullie vriendschap, steun en interesse. 
De leuke gesprekken en gezelligheid maakten dat ik weer energie had om verder te 
kunnen werken. Ik hoop vanaf nu meer tijd voor jullie te hebben. 

Ineke, je staat altijd voor ons klaar en we kunnen altijd op je terugvallen. Dat waardeer 
ik enorm. Hartelijk dank voor alles! 

George, wat had ik graag gehad dat je er vandaag bij was geweest.. Ik mis je. 

Clim en Nicolette, ik ben dankbaar dat jullie er altijd voor me zijn en dat we zo’n sterke 
band hebben. Ik zeg het misschien niet vaak, maar ik ben heel blij met jullie! 

Lieve pap en mam, zonder jullie had ik hier niet gestaan. Dank voor de fijne jeugd die 
jullie ons gegeven hebben. Jullie hebben me laten zien dat je met hard werken bijna 
alles kunt bereiken. Jullie staan altijd voor ons klaar en hebben altijd een luisterend oor. 
Ik hou van jullie. 

Jeroen, met jouw optimisme en nuchterheid weet je me altijd aan het lachen te maken 
en kan je me weer laten relativeren. Je bent de liefde van mijn leven en ben enorm 
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