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Abstract Brooke-Spiegler syndrome (BSS) is an inherited

autosomal dominant disease characterized by the develop-

ment of multiple adnexal cutaneous neoplasms most com-

monly spiradenoma, cylindroma, spiradenocylindroma, and

trichoepithelioma. Multiple familial trichoepithelioma

(MFT) is a phenotypic variant of the disease characterized by

the development of numerous trichoepitheliomas (cribri-

form trichoblastoma) only. Malignant tumors arise in asso-

ciation with preexisting benign cutaneous neoplasms in

about 5–10 % of the patients. Apart from the skin, major and

minor salivary glands have been rarely involved in BSS

patients. Extremely rare is the occurrence of breast tumors

(cylindroma). The gene implicated in the pathogenesis of the

disease is theCYLD gene, a tumor suppressor gene located on

chromosome 16q12–q13. Germline CYLD mutations are

detected in about 80–85 % of patients with the classical BSS

phenotype and in about 40–50 % of the individuals with the

MFT phenotype using a PCR based approach with analysis

of exonic sequences and exon–intron junctions of the CYLD

gene. There appears to be no genotype-phenotype correla-

tions with respect to the severity of the disease, the possi-

bility of malignant transformation, and development of

extracutaneous lesions.
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Definition and Terminology

Brooke-Spiegler syndrome (BSS, OMIM 605041) is an

inherited autosomal dominant disease characterized by the

development of multiple adnexal cutaneous neoplasms

most commonly spiradenoma, cylindroma, spiradeno-

cylindroma, and trichoepithelioma (cribriform trichoblas-

toma) [1–3]. Multiple familial trichoepitheliomas (MFT,

OMIM 601606) is a phenotypic variant of the disease

characterized by the development of numerous trichoep-

itheliomas without accompanying cylindromas, spiradeno-

mas, and spiradenocylindromas. Familial cylindromatosis

(OMIM 132700) is traditionally held as an allelic disorder

within BSS and MFT, but cases presenting with cylindro-

mas only are so rare that the term is hardly valid. Moreover,

rare patients present with only spiradenomas or spiradeno-

cylindromas; all of these conditions are better to be con-

sidered phenotypic variations of BSS due to the overlap

between them at the clinical, pathological, and genetic

levels [1, 4]. Malignant tumors arise in association with

preexisting benign cutaneous neoplasms in about 5–10 % of

patients [5–7]. The gene implicated in the pathogenesis of

the disease is the CYLD gene, a tumor suppressor gene

located on chromosome 16q12–q13 [8–10]. Apart from the

skin, morphologically similar neoplasms may rarely arise in

the salivary glands [5, 11–13]. Extremely rare is the

occurrence of mammary cylindroma [14].

Clinical Presentation

BSS patients present with multiple tumors mostly localized

to the head and neck area (Figs. 1, 2). Most nodules are in

the range of 0.5–3 cm, but larger lesions can also be

encountered. The number of lesions varies from 10–30 to

& Dmitry V. Kazakov

kazakov@medima.cz

1 Department of Pathology, Faculty of Medicine in Pilsen,

Charles University in Prague, Prague, Czech Republic

2 Sikl’s Department of Pathology, Charles University Medical

Faculty Hospital, Alej Svobody 80, 304 60 Pilsen,

Czech Republic

123

Head and Neck Pathol (2016) 10:125–130

DOI 10.1007/s12105-016-0705-x

http://crossmark.crossref.org/dialog/?doi=10.1007/s12105-016-0705-x&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12105-016-0705-x&amp;domain=pdf


several hundreds. Involvement of the scalp with multiple

confluent lesions led to the designation ‘‘turban tumor’’

(Fig. 1). Most tumors microscopically correspond to spi-

radenoma, cylindroma, or spiradenocylindroma. A con-

siderable part of the integument can be involved in severe

cases. The tumors mostly appear around puberty, usually

show slow growth throughout life, and their number

increases with age. Rapid enlargement associated with

ulceration and bleeding should raise suspicion of malignant

transformation, an event seen in about 5–10 % of cases

(Fig. 2) [15]. In addition to the scalp lesions, patients with

the classical BSS phenotype manifest as bilateral small

(0.2–1 cm) discrete and/or confluent skin colored papules

preferentially involving the nasolabial folds, morphologi-

cally representing trichoepithelioma.

In patients with the MFT phenotype, the trichoepithe-

liomas are usually confined to the face and sometimes

manifest an X-like distribution, with confluence of the

lesions in the nasolabial folds and also in the inner aspects

of the eyebrow with apparent continuity between the two

(Fig. 3) [16]. The severity of the phenotype in MFT is just

as variable as in classical BSS, ranging from dozens of

neoplasms to hundreds of confluent and disfiguring lesions

[17]. Extensive involvement of eyelids and external audi-

tory canal may lead to visual impairment and hearing loss,

respectively [18]. Similar to other tumors, trichoepithe-

liomas in MFT develop at puberty or even earlier and

increase in size and numbers over years. Rapid enlarge-

ment of trichoepitheliomas may also herald their malignant

transformation, usually as basal cell carcinoma (BCC).

Fig. 1 Multiple lesions on the scalp in the patient with Brooke-

Spiegler syndrome. Histologically, the lesions were spiradenomas,

cylindromas, and spiradenocylindromas

Fig. 2 Large ulcerated tumor in a patient with Brooke-Spiegler

syndrome. Histology is depicted in Fig. 8. The patient died of

multiple metastases

Fig. 3 Multipe familial trichoepitheliomas: small bilateral papules

preferentially involving the nasolabial folds. (Courtesy of Dr.

Bernhard Zelger, Innsbruck, Austria)
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The incidence of salivary gland involvement in BSS is

unknown but appears to be very rare. Of 106 cases with

BSS/MFT in the author’s files, only two patients developed

a salivary gland tumor in addition to skin lesions. Salivary

gland involvement has so far been exclusively reported in

patients with the classical BSS phenotype; it appears that

MFT patients are spared. The parotid gland is involved in

most cases, whereas submandibular glands are rarely

affected, as are minor salivary glands, including intranasal

minor salivary glands [15]. Multifocal presentation with

simultaneous involvement of major and minor salivary

glands is exceptional but multifocal unilateral involvement

of the parotid gland as well as bilateral metachronous and

synchronous parotid lesions have been documented [15]. In

most reported cases, salivary gland involvement occurred

after the age of 40 years.

Parotid tumors usually appear clinically as a freely

movable mass generally measuring between 0.5 and 5 cm

in diameter, with the largest reported neoplasm reaching

14 cm [11]. Facial nerve paralyses or visual changes are

rare. It appears that occurrence of a salivary gland neo-

plasm in a BSS family does not imply that other family

members with cutaneous lesions will ultimately develop

similar salivary gland tumors.

Histopathological Features

Tumors occurring in the setting of BSS/MFT are identical

to their sporadic counterparts, however, multifocality,

occurrence of several different neoplasm types in a single

biopsy specimen, and presence of lesions with ‘‘hybrid’’

histopathological features (even focally) may be indicative

of a syndromic association [3, 16]. Spiradenoma manifests

as a single or several variably sized, well-demarcated

nodules composed of small basaloid cells intermixed with

paler cells and lymphocytes, which are an integral com-

ponent of the neoplasm (Fig. 4). The basaloid epithelial

cells are arranged in a trabecular, reticular, or solid fashion.

In some tumors, larger nodules can coalesce to form a

diffuse growth pattern. A few tubular structures are often

present as are droplets of PAS-positive hyaline basal

membrane material. Cylindroma manifests as a jigsaw

puzzle arrangement of nodules of monomorphic basaloid

cells containing and/or surrounded by eosinophilic base-

ment membrane material. The peripheral cells often show

palisading and are usually darker than the cells located in

the central parts of the nodules. Intraepithelial lymphocytes

are lacking or are very few in number (Fig. 5). Spirade-

nocylindroma manifests as areas typical of both cylin-

droma and spiradenoma, with spiradenomatous and

cylindromatous elements being either closely intermingled

within a given lesion or sharply segregated (Fig. 6). Focal

sebaceous and/or follicular differentiation has been repor-

ted [3].

Trichoepithelioma (cribriform trichoblastoma) is biphasic

neoplasm with dual differentiation toward follicular germi-

native epithelium and specific follicular stroma. The epithe-

lial component is composed of bland basaloid cells arranged

in a cribriform pattern; the stroma resembles follicular

papillae (papillary mesenchymal bodies) and the perifollic-

ular sheath being composed of delicate fibrillary collagen

bundles and numerous spindled fibroblasts (Fig. 7). Areas

with ductal differentiation and intratumoral lymphocytes

resembling a spiradenomatous moiety have been reported in

MFT patients. Apart from trichoepithelioma, small nodular

and large nodular trichoblastomas can rarely be seen [19].

Fig. 4 Spiradenoma. Bland basaloid cells admixed with lymphocytes

and droplets of basal membrane material. Focal ductal differentiation

can be recognized

Fig. 5 Cylindroma. The neoplastic nodules are arranged in a jigsaw

puzzle and are composed of monomorphic basaloid cells surrounded

by eosinophilic basement membrane material. The cells at the

periphery show palisading and are darker than the cells located in the

central parts of the nodules
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Malignant tumors evolving from the preexisting spi-

radenoma, cylindroma and spiradenocylindroma manifest

in four main morphological patterns, occurring alone or in

combination, namely (a) salivary gland type basal cell

adenocarcinoma-like pattern, low-grade (BCAC-LG);

(b) salivary gland type basal cell adenocarcinoma-like

pattern, high-grade (BCAC-HG); (c) invasive adenocarci-

noma, not otherwise specified (IAC-NOS); (d) sarcomatoid

(metaplastic) carcinoma [6]. The proposed terminology for

the first two patterns reflects the strong histopathological

resemblance of these cutaneous tumors to basal cell ade-

noma/adenocarcinoma of salivary glands, neoplasms which

closely resemble cutaneous cylindroma/spiradenoma (for

example, the membranous variety of basal cell adenoma of

the salivary gland is morphologically identical to cutaneous

cylindroma). The first two patterns appear to be more

common in the setting of BSS in comparison with a spo-

radic disease. Microscopically, the transition between the

benign preexisting tumor and the malignant neoplasm can

be gradual or abrupt. The BCAC-LG pattern appears as

small to medium-sized basaloid cells arranged in nodules

or sheets of varying size and shape, sometimes with focal

peripheral palisading, which have replaced the dual

epithelial populations of the original benign neoplasm.

Nuclear pleomorphism is mild to moderate, nucleoli are

small or absent, and the cytoplasm is scant but the tumor

manifests an infiltrative growth pattern. In case of malig-

nant transformation of spiradenoma, lymphocytes are

absent or sparse in the malignant areas.

Lesions with the BCAC-HG pattern are composed of

medium-sized to large pleomorphic basaloid cells growing

as confluent sheets and nodules in an infiltrative pattern,

eliciting sometimes a desmoplastic stromal reaction. The

cells usually have scant cytoplasm and vesicular nuclei

containing conspicuous nucleoli. Atypical mitoses are

plentiful. The typical dual cell population seen in the parent

benign neoplasm is lost, as are usually intratumoral lym-

phocytes, which may surround the malignant islands

(Fig. 8). With respect to MFT, small and large nodular

variants of BCC have been reported [16, 19, 20].

As far as salivary glands are concerned, the most common

benign tumor is the membranous type of basal cell adenoma.

Distinctive lesions in patients with BSS, thought to represent

precursor lesions to basal cell adenoma or its incipient

variations have been reported. The appearances include

hyperplasia of reserve cells in intercalated ducts with or

without extension into the lumen, more advanced lesions

seen as proliferative lobular buds sometimes with the for-

mation of prominent hyaline material, and microadenoma-

tous foci adjacent to intercalated ducts or acini [21, 22].

Malignant salivary gland tumors in patients with BSS

appear to be extremely rare, are assumed to result from

malignant transformation of a preexisting membranous

basal cell adenoma, and are best classified as either low-

grade or high-grade basal cell adenocarcinoma [23, 24].

Anaplastic epidermoid carcinoma and a basaloid lesion

focally resembling adenoid cystic carcinoma have also

been described [5, 22].

Molecular Biology

The CYLD gene contains 20 exons, of which the first three

are untranslated, and extends over approximately 56 kb of

genomic DNA. CYLD encodes a deubiquitinating enzyme

that negatively regulates the nuclear factor-kappa B and

Fig. 6 Spiradenocylindroma. The lesion manifest in areas of typical

cylindroma (lower part) as well as of spiradenoma (upper part)

Fig. 7 Trichoepithelioma (cribriform trichoblastoma). The neoplasm

has two components, namely the follicular germinative epithelium

and the specific follicular stroma. The epithelial component is

composed of bland basaloid cells arranged in a cribriform pattern,

whereas the stroma resembles follicular papillae and the perifollicular

sheath
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c-Jun N-terminal kinase pathways by removing lysine

63-linked polyubiquitin chains from several specific sub-

strates. Germline CYLD mutations are detected in about

80–85 % of patients with the classical BSS phenotype and

in about 40–50 % of the individuals with the MFT phe-

notype using a PCR based approach with analysis of exonic

sequences and exon–intron junctions of the CYLD gene

[16, 25, 26]. Most mutations (*50 %) are frameshift

(*25 %), nonsense (*15 %), missense, and (*10 %)

putative splice-site, and the vast majority of the mutations

are predicted to result in truncated proteins. There is no

hotspot but most mutations have been detected in exons

9–20, whereas exons 4–8 are spared [27]. Reasons for the

absence of a demonstrable CYLD mutation are being

intensively investigated; large deletions in CYLD and

mutations in intronic sequences leading to intronic

exonization have been detected in a subset of those patients

[28–30]. There appears to be no genotype-phenotype cor-

relations with respect to the severity of the disease, the

possibility of malignant transformation, and development

of extracutaneous lesions. Variability of phenotypic

expression between and within families with the same

germline CYLD mutation has been documented [8, 26, 27].

Cutaneous neoplasms associated with BSS harbor a

large spectrum of somatic mutations representing both loss

of heterozygosity (LOH) and sequence alterations. Somatic

alterations may differ among multiple neoplasms even of

the same histopathological type, occurring in the same

patient [26].
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