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Abstract: CYLD cutaneous syndrome (CCS) is an inclusive label for the inherited skin 
adnexal tumour syndromes Brooke–Spiegler Syndrome (BSS-OMIM 605041), familial 
cylindromatosis (FC – OMIM 132700) and multiple familial trichoepitheliomas (MFT- 
OMIM 601606). All three syndromes arise due to germline pathogenic variants in CYLD, 
a tumour suppressor gene (OMIM 605018). CCS is transmitted in an autosomal dominant 
pattern, and has variable expressivity, both of the three syndromic phenotypes, and of the 
severity of tumour burden. Age-related penetrance figures are not precisely reported. The 
first tumours typically appear during puberty and progressively accumulate through adult-
hood. Penetrance is typically high, with equal numbers of males and females affected. 
Genetic testing is important for confirmation of the clinical diagnosis, genetic counselling 
and family planning, including preimplantation diagnosis. Additionally, identified CCS 
patients may be eligible for future clinical trials of non-surgical pre-emptive interventions 
that aim to prevent tumour growth. In this update, we review the clinical presentations of 
germline and mosaic CCS. An overview of the germline pathogenic variant spectrum of 
patients with CCS reveals more than 100 single nucleotide variants and small insertions and 
deletions in coding exons, most frequently resulting in predicted truncation. In addition, 
a minority of patients have large deletions involving the CYLD gene, intronic pathogenic 
variants that affect splicing, or inversions. We discuss germline and somatic testing 
approaches. Somatic testing of tumour tissue, relevant in mosaic CCS, can reveal recurrently 
detected pathogenic variants when two or more tumours are tested. This can influence 
genetic testing of children, who may inherit this as a germline variant, and inform genetic 
counselling and prenatal diagnosis. Finally, we discuss testing technologies that are currently 
used, their benefits and limitations, and future directions for genetic testing in CCS. 
Keywords: CYLD gene testing

Introduction
CYLD cutaneous syndrome (CCS) is an inclusive label for the inherited skin 
adnexal tumour syndromes Brooke–Spiegler Syndrome (BSS-OMIM 605041), 
familial cylindromatosis (FC – OMIM 132700) and multiple familial trichoepithe-
liomas (MFT-OMIM 601606). All three syndromes arise due to germline patho-
genic variants in CYLD. CCS patients develop multiple benign hair follicle tumours 
on the head and torso,1 which grow from puberty and accumulate throughout 
adulthood2 (Figure 1A).3 The most frequent tumours seen in CCS are cylindromas, 
spiradenomas and trichoepitheliomas. The presentation of multiple cylindromas, 
and/or the related tumour spiradenoma, is exclusively seen in CCS, as is the 
presentation of multiple trichoepitheliomas in combination with cylindromas. In 
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severe cases, tumours may cover most of the scalp or face, 
and sun-protected hair-bearing sites such as pubic skin can 
be affected. Despite an autosomal dominant pattern of 
inheritance, female CCS patients may be more severely 
affected, and whilst this has been reported in several 
families, the underlying mechanism for this disparity is 
not fully understood.4

CYLD is a tumour suppressor gene. Pathogenic variants 
in CYLD that give rise to CCS result in loss of function of 
the encoded protein. CCS patients are heterozygous for 

pathogenic variants in CYLD in all normal cells, ie, one 
copy of CYLD is mutated, but the remaining normal copy 
is functional. When the normal copy is mutated, the result is 
loss of functional CYLD, which can lead to the affected cell 
becoming neoplastic. It is believed that this “two-hit” 
mechanism5 occurs in hair follicle stem cells leading to the 
different skin adnexal tumours seen frequently in CCS. 
Recent genetic studies have confirmed that in cylindroma 
cells, both copies of CYLD are inactivated, and biallelic 
CYLD pathogenic variants alone appear sufficient to drive 

Figure 1 Cylindromas: germline and mosaic presentations. (A) Cylindromas and spiradenomas progressively grow and form a confluent mass, as seen in this severely 
affected patient with CCS. (B) Mosaic presentations of unilateral cylindromas, that may warrant skin biopsy and genetic testing to determine a recurrently detected 
pathogenic variant across multiple tumours. Image (B) reprinted from J Am Acad Dermatol, 81, Arefi M, Wilson V, Muthiah S et al. Diverse presentations of cutaneous 
mosaicism occur in CYLD cutaneous syndrome and may result in parent-to-child transmission. 1300–1307, Copyright (2019), with permission from Elsevier.24
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tumourigenesis.6 Malignant transformation of skin tumours 
has been described, where additional genetic changes in 
addition to biallelic CYLD mutations are reported.6

Clinical Phenotype of CCS
Cylindromas are smooth nodular tumours which are typi-
cally pink in colour, although can have a translucent 

appearance. Blood vessels may be seen across the surface 
of the tumour (Figure 2A). Cylindromas grow progres-
sively over many years, and at presentation skin tumours 
may be several centimetres in size.7 Spiradenomas 
(Figure 2B) are also nodular and may have a striking 
blue/black colour; sometimes this is only noticed intrao-
peratively. Spiradenomas are usually reported to be 

Figure 2 Skin tumours frequently seen in CCS. (A) Cylindroma. (B) Spiradenoma indicated by black arrow. (C) Trichoepithelioma indicated by white arrows. Reprinted 
from Dermatol Clin, 35 (1), Dubois A, Hodgson K, Rajan N. Understanding Inherited Cylindromas: Clinical Implications of Gene Discovery. 61–71, Copyright (2017), with 
permission from Elsevier.116
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painful and can grow quickly compared to cylindromas. 
Features of both lesions are also seen to occur in a single 
tumour, in keeping with the histological finding of cylin-
drospiradenoma discussed below. Trichoepitheliomas 
(Figure 2C) are skin-coloured, small, papular tumours, 
usually found on the perinasal, melo-labial and glabellar 
skin. In patients with European ancestry, they are usually 
3–4mm across. In patients with African, Indian, and 
Chinese ancestry, trichoepitheliomas may be larger and 
the face may be the predominant tumour site, with few 
cases of confluent scalp tumours reported in the literature. 
Milia may also be seen in CCS patients and are sometimes 
the only indication of carrier status in a pedigree with 
CCS.8

Histologic and Genetic Features of 
CCS Skin Tumours
CCS skin tumours are postulated to arise from hair follicle 
stem cells, due to clinical features such as presentation at 
hair-bearing sites and expression of histological markers 
seen in hair follicles (Figure 2A–C).9–11 Cylindromas are 
non-encapsulated nodular tumours that extend into the 
dermis. Basaloid tumour cells are usually arranged in 
a cylindrical pattern, apparent when the tumour is sec-
tioned, which originally inspired the name cylindroma. 
Each “cylinder” is arranged in a jigsaw pattern, separated 
by a thickened basement membrane.12 Compared to cylin-
droma, tumour cells in spiradenomas are disorganised. 
A dense basophilic cellular proliferation is seen and typi-
cally lymphocytes are present. Skin tumours in CCS 
patients may demonstrate clinical and histological features 
consistent with both cylindroma and spiradenoma. 
Spiradenocylindroma is a term that has been coined to 
capture this frequent histophenotype.13,14 It is now recog-
nised that cylindroma and spiradenoma represent different 
levels of organisation of the same tumour type. Epigenetic 
dysregulation of the Wnt signalling pathway has been 
shown to be associated with the development of 
spiradenoma.15 Recent studies of CCS tumours using 
whole-genome sequencing have shown that additional epi-
genetic modifier genes DNMT3A and BCOR are somati-
cally mutated in these tumours, and may also explain the 
transition to spiradenoma.6 Notably, sporadic spiradeno-
mas do not usually carry CYLD mutations, but instead 
have mutations in ALPK1.16 Trichoepitheliomas are com-
prised of basaloid cells, with palisading evident peripher-
ally. Mesenchymal papillary bodies may also be seen. 

Again, biallelic CYLD mutations have been described in 
these tumours recently.6

The Clinical Burden of Disease in 
CCS
The “benign” histological label applied to CCS frequently 
fails to capture the clinical burden of disease faced by 
CYLD pathogenic variant carriers. The progressive growth 
of these tumours is not widely documented in the existing 
literature, and small studies have shown that the majority 
of CCS tumours grow over time, making early surgery 
a useful intervention. The severity of the phenotype may 
be assessed by multiple factors including the total number 
of skin tumours, tumour size, tumour symptoms and the 
presence of malignant tumours. In some cases, the need 
for repeated surgery from an early age and complete scalp 
removal serve as proxy markers of tumour burden. The 
tumours and the surgical procedures themselves can be 
disfiguring in patients who are severely affected. Total 
scalp excision is considered a last resort to address 
severely affected cases, where tumours form a confluent 
mass affecting large areas of the scalp.17 It is thought that 
early pre-emptive surgery may reduce the need for, or 
delay, total scalp excision. CCS tumours favour the ear 
canal, and the patency and consequently hearing of CCS 
patients may be impaired. This is a challenging site for 
surgical intervention, and tumours are preferably removed 
before they cause deafness.18 Exceptionally, patients with 
severe periocular trichoepitheliomas may experience 
impairment of visual fields and eyelid opening. The 
pubic and perineal skin is another favoured site of CCS 
tumour development. Painful spiradenomas at this site 
may impair sexual function. Patients with CCS have 
been reported with depression and social withdrawal due 
to their skin tumour burden.

Mosaic Presentations of CCS
Patients may present with only a cluster of CCS tumours 
arranged in a linear, often unilateral pattern.19,20 These 
lines are recognised to correspond to the lines of 
Blaschko (Figure 1B),21 which are linear bands of skin 
that are thought to develop from a single epidermal pro-
genitor cell during fetal development.22 Such presentations 
reflect genetic mosaicism, where some cells carry 
a different genetic sequence from the rest of the person. 
There are two genetic scenarios relating to mosaicism to 
consider in CCS. The first is in an individual whose parent 
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has CCS and has transmitted a heterozygous pathogenic 
variant in CYLD in the germline of the fetus. A further 
random somatic mutation in the remaining normal allele of 
CYLD occurring during early fetal development will result 
in both copies of the CYLD gene being inactivated in that 
progenitor cell. Daughter cells from this progenitor cell 
contributing to the line of Blaschko will be predisposed to 
develop cutaneous tumours, sometimes from childhood.23 

Alternatively, a somatic mutation in CYLD may occur at 
during early fetal development in an individual whose 
parent does not have CCS, and in such cases the daughter 
cells contributing to a line of Blaschko will still have one 
working copy of the CYLD gene. These patients typically 
develop tumours in a unilateral cluster later in adult life, 
when additional second hits affecting the CYLD gene in 
this band occur. Genetic analysis of two or more such skin 
tumours should demonstrate a recurrently detected CYLD 
pathogenic variant. These patients may also demonstrate 
a low level of the same pathogenic variant in blood leu-
cocyte DNA, demonstrable with next-generation sequen-
cing techniques sensitive to detect low-level mosaicism, if 
the post-zygotic mutational event occurred in a cell that 
contributed to both skin and blood lineages.24

Malignancy in CCS
Cutaneous malignancy is well recognised in CCS, 
although it occurs relatively infrequently.25 Cylindroma 
and spiradenoma may both undergo malignant transforma-
tion, or apparent de novo skin malignancies may arise in 
CCS patients. Clinical features that should be reported by 
patients as they are associated with cutaneous malignancy 
are as follows: tumour ulceration; rapid tumour growth; 
tumour pain; intermittent bleeding from a tumour, colour 
change in the surface of the tumour; tethering of the 
tumour to underlying bone.26 Invasion through the skull 
plate has been observed,27,28 supporting the use of radi-
ological imaging in selected advanced CCS cases pre- 
operatively. Malignant CCS tumours may metastasise to 
other tissues including the liver, lungs and bones.25 In 
patients with malignant metastatic disease, death from 
metastatic CCS disease has been reported in patients as 
young as 42 years of age.29

The histological features seen in malignant CCS 
tumours have been reported29 to include salivary gland 
type basal cell adenocarcinoma-like pattern, low-grade 
(BCAC-LG) and high-grade BCAC. Sarcomatoid (meta-
plastic) carcinoma and invasive adenocarcinoma are also 
recognised. Comprehensive genomic analyses, performed 

in just a small number of cases so far, have provided new 
insights, and suggest that molecular analysis of these 
tumours may aid classification.6 A case of poorly differ-
entiated adenocarcinoma from the skin of a CCS patient 
that underwent whole-exome sequencing demonstrated 
somatic mutations in TP53 and EP300. In a case of 
BCAC-LG, a mutation in BCOR in addition to biallelic 
mutations in CYLD was found. Finally, a case of spirade-
nocarcinoma was found to have homozygous MBD4 muta-
tions, and this tumour also had a mutation in the gene that 
encodes the epigenetic modifier KDM6A.

In addition to the adnexal carcinomas above, cutaneous 
squamous cell carcinoma (cSCC) arising in patients with 
CCS has been described in isolated reports30,31 as well as 
follicular cSCC.32 Trichoblastic carcinoma has been 
reported to arise from preexisting trichoblastoma in 
CCS,33 which can metastasise. BCC has been reported to 
arise from trichoepithelioma,34 and has been reported to be 
associated with mutations in PTCH1 in addition to CYLD. 
In a recent study of a South American family with CCS, 
BCC was reported in 25% of affected patients.35

Salivary Gland Tumours
A benign salivary gland tumour termed membranous basal 
cell adenoma (MBCA)36 is recognised to develop infre-
quently in CCS, usually after the age of 40. Presentation of 
MBCA in the parotid gland may be unilateral or bilateral. 
MBCA can be managed surgically, but recurs in up to 25% 
of cases.37 MBCA may transform to adenocarcinoma in 
CCS, but this is rare.38,39

Pulmonary Cylindromas
Lung metastases resulting from cutaneous cylindromas are 
recognised (Figure 3).40–42 These pulmonary tumours may 
be single or multiple and have been considered to be 
“benign” metastases, as there is no history of a primary 
malignant cutaneous cylindroma in the skin, an absence of 
lymph node disease, and benign histology in pulmonary 
cylindromas. Pulmonary tumours may present with breath-
lessness, and at times warrant surgical interventions such 
as endoscopic laser ablation or surgery to maintain lung 
function, as they may be present for several years. The true 
rate of these tumours in CCS patients is not currently 
known, as some of these tumours are asymptomatic. 
Recently, whole-genome sequencing of pulmonary cylin-
dromas demonstrated a pathogenic variant in AKT1 in 
addition to biallelic mutations in CYLD. Mutational signa-
ture and clonality analysis of multiple tumours 
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demonstrated the presence of a UV mutation signature, 
confirming origin from a cutaneous skin tumour.6

CYLD as a Causative Gene for CCS
CYLD was discovered using DNA samples from care-
fully phenotyped pedigrees of families with FC, BSS and 
MFT. The CYLD locus was mapped to chromosome 1643 

using linkage analysis of large CCS families from the 
North of England, and the CYLD gene was subsequently 
found to be mutated in patients with BSS, FC and MFT 
phenotypes.44–46 Linkage studies suggest that CCS is 
a single locus disease,45 and supports the encompassing 
term CCS. A minority of cases deemed “mutation- 
negative” by Sanger sequencing have been subsequently 
shown to have large rearrangements that disrupt CYLD,47 

intronic variants that impact on CYLD splicing48 or large 
contiguous deletions that include CYLD and adjacent 

genes.49 Of note, whilst CYLD mutations in CCS cause 
loss of function, gain of function mutations in CYLD 
have recently been reported in familial frontotemporal 
dementia – amyotrophic lateral sclerosis,50 extending the 
roles of the CYLD gene in human disease.

CYLD spans a 56kb genomic footprint and has 20 exons 
(Figure 4A).51 It encodes an ubiquitin hydrolase enzyme that 
is involved in removing ubiquitin molecules that are “tagged” 
on a range of protein substrates as post-translational modifica-
tions, influencing the function, localisation and docking of 
ubiquitin-tagged proteins. CYLD demonstrates specificity for 
protein substrates tagged with lysine 63 linked and Met 1 
ubiquitin chains.52,53 CYLD function has been extensively 
reviewed.54–57 Importantly in the context of CCS, CYLD 
negatively regulates several key cell survival pathways impor-
tant in hair development, growth and maintenance, including 
NF-κB,58 Wnt,59 Notch60 and TGF-β,61 which are also 

Figure 3 Pulmonary and cutaneous cylindromas visualised radiologically and endoscopically. (A) Spatial location of cutaneous CCS tumours seen on a CT with contrast 
indicated in green, and pulmonary CCS tumours indicated in yellow. Adapted from (B) Intra bronchial CCS tumour visualised during bronchoscopy. Adapted with permission 
from Brown SM, Arefi M, Stones R, et al. Inherited pulmonary cylindromas: extending the phenotype of CYLD mutation carriers. Br J Dermatol. 2018;179:662–668. © 2018 
The Authors. British Journal of Dermatology published by John Wiley & Sons Ltd on behalf of British Association of Dermatologists.41
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important in inflammation and cancer. Deregulation of NF-KB 
and Wnt signalling pathways following loss of functional 
CYLD in CCS tumour cells has been demonstrated, and may 
play a central role in tumorigenesis.6,62

Germline Pathogenic Variants in 
CCS
The first 21 pathogenic variants in CYLD were identified in 
2000.44 Fifteen years later the number had risen to 95,63 

increasing further to 107 in the last six years.64–69 Pathogenic 
variants are named according to Human Genome Variation 
Society (HGVS) nomenclature guidelines (www.HGVS.org). 
These are numbered with respect to the CYLD gene reference 
sequence (ENSG00000083799 corresponding to the CYLD 
gene and ENST00000311559 corresponding to the CYLD 
transcript). Here, we review previously published CYLD 
pathogenic variants (Table 1) and also report two which 
are novel: a heterozygous four-base deletion 

Figure 4 CYLD gene pathogenic variants identified to date. (A) Exonic locations of CYLD pathogenic variants in CCS patients; note a predisposition to the 3’ end of the 
gene, from which the catalytic domains are encoded. (B) Frameshift and nonsense pathogenic variants resulting in a predicted truncating protein are the most frequent 
mutation type seen.
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Table 1 List of Published Pathogenic Variants in CCS

Paper Year Mutation Exon Mutation Type

Vanecek et al. 2014 c.-34111_*297858del378779 N/A Large deletion
Nasti et al. 2009 c.561_562dupT 5 NS

Parren et al. 2018 c.588_591dupTGTT 5 FS

Shiver et al. 2015 c.703G>A 5 MS
Parren et al. 2018 c.822delC 6 FS

Vanecek et al. 2014 c.914–6398_1769del13642ins20 N/A Large deletion

Dubois et al. 2015 c.966dupG 8 FS
Grossman et al. 2013 c.1027dupA 9 FS

Saggar et al. 2008 c.1096_1097del 9 FS
Bignall et al, Bowen et al, Saggar et al. 2000;2005;2008 c.1112C>A 9 NS

Almeida et al. 2008 c.1135G>T 9 NS

Kazakov et al. 2009 c.1139–148A>G 10 Splice
Wu et al. 2014 c.1169_1170delCA 10 FS

Ying et al. 2012 c.1178_1179delCA 10 FS

Almeida et al. 2008 c.1207C>T 10 NS
Liang et al. 2008 c.1364_1365del 10 FS

Nasti et al. 2009 c.1392_1393dupT 10 NS

Bignell et al. 2000 c.1455T>A 10 NS
Zheng et al. 2004 c.1462delA 10 FS

Ly et al. 2004 c.1518+2T>C 10 Splice

Bignell et al. 2000 c.1569T>G 11 NS
Solak et al. 2019 c.1609A>T 11 NS

Andersson et al. 2019 c.1613_1614delGC 11 FS

Saggar et al. 2008 c.1628_1629del 11 NS
Bignell et al. 2000 c.1681_1682del 11 FS

van den Ouweland et al. 2011 c.1682T>A 11 NS

Kazakov et al. 2010 c.1684+1G>A 11 Splice
Bowen et al; Saggar et al. 2005, 2008 c.1755_1758dup 12 FS

Bignell et al. 2000 c.1776delA 12 FS

Pinho et al. 2015 c.1783C>T 12 NS
Zuo et al. 2007 c.1787G>A 12 MS

Nagy et al. 2021 c.1806_1809delCTTA 12 NS

Tantcheva-Poór et al. 2016 c.1821_1826+1delinsCT 12 FS
Huang et al. 2009 c.1826+1G>A 12 Splice

Liang et al. 2005 c.1826+2T>G 12 Splice

Kazakov et al. 2011 c.1826+1G>T 12 Splice
Huang et al. 2009 IVS12+1G>A 12 Splice

Bignell et al, Saggar et al. 2000, 2008 c.1830dupA 13 FS

Reuven et al. 2013 c.1843delT 13 FS
Bignell et al, Saggar et al. 2000, 2008 c.1859_1860del 13 FS

Saggar et al. 2008 c.1863dupA 13 FS

Nasti et al. 2009 c.1893_1906delATATTATAGTGAAA 13 NS
Chen et al. 2011 c.1925delC 13 FS

Bignell et al. 2000 c.1935dupT 13 NS

Nasti et al. 2009 c.1950–2A>T 14 Splice
Nasti et al. 2009 c.1950_1953-1delGATA 14 Splice

Kazakov et al. 2009 c.1961T>A 14 MS

Heinritz et al. 2006 c.2012_2021del 14 FS
Nagy N et al. 2015 c.2032G>T 14 NS

Kacerovska et al. 2013 c.2041+1G>T 15 Splice

Almeida et al. 2008 c.2042A>G 15 MS

(Continued)
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Table 1 (Continued). 

Paper Year Mutation Exon Mutation Type

Malzone et al. 2015 c.2042–1G>C 15 Splice

van den Ouweland et al. 2011 c.2065_2066delCT 15 FS

van den Ouweland et al. 2011 c.2068_2069delTTinsC 15 FS
Guardoli et al. 2014 c.2070delT 15 FS

Almeida et al, Parren et al. 2008, 2018 c.2081delT 15 NS

Sima et al, Cakmak Genc et al. 2010, 2019 c.2104delA 15 FS
Salhi et al. 2004 c.2104dupA 15 FS

Sima et al. 2010 c.2108+1G>C 15 Splice

Parren et al. 2018 c.2108+1G>A 15 Splice
Parren et al. 2018 c.2109–2A>C 15 Splice

Melly et al. 2012 c.2116_2117insATTAG 16 FS

Sima et al. 2010 c.2119C>T 16 NS
Zheng et al, Chen et al. 2004, 2011 c.2128C>T 16 NS

Bignall et al. 2000 c.2138delA 16 FS

van den Ouweland et al. 2011 c.2146C>A 16 MS
Saggar et al. 2008 c.2154dupT 16 FS

Grossman et al. 2013 c.2155dupA 16 FS

Sima et al. 2010 c.2170_2171insTC 16 FS
Bignall et al, Scheinfeld et al, Saggar et al. 2000, 2003, 2008 c.2172delA 16 FS

Saggar et al. 2008 c.2214delT 16 FS

Hu et al, Saggar et al. 2003, 2008 c.2240A>G 16 MS
Liang et al. 2005 c.2240_2241delA 16 FS

Fujii et al. 2017 c.2242–1G>A 16 Splice

Parren et al. 2018 c.2242–2A>G 16 Splice
Poblete Gutierrez et al. 2002 c.2252delG 17 FS

Hongli et al. 2014 c.2255delT 17 FS

Kazakov et al. 2011 c.2259dupT 17 FS
Parren et al. 2018 c.2261T>G 17 MS

Bignall et al, Oiso et al, Zhang et al, Farkas 

et al.

2000, 2004, 2006, 

2016

c.2272C>T 17 NS

Grossman et al. 2013 c.2288_2289delTT 17 FS

Saggar et al. 2008 c.2290_2294del 17 FS
Grossman et al. 2013 c.2291_2295delAACTA 17 FS

Sima et al. 2010 c.2299A>T 17 NS

Bignell et al. 2000 c.2305_2306insC 17 FS
Bowen et al; Saggar et al. 2005, 2008 c.2305delA 17 FS

Wang et al. 2010 c.2317G>A 17 MS

Hester et al. 2013 c.2330_2331delTA 17 FS
Wang et al. 2010 c.2335G>A 17 MS

Bowen et al, Saggar et al. 2005, 2008 c.2339T>G 17 NS

Bignall et al. 2000 c.2350+5G>A 18 Splice
Zhang et al. 2004 c.2355_2358del 18 FS

Parren et al. 2018 c.2409C>A 18 NS

Liang et al. 2008 c.2409C>G 18 NS
Amaro C et al. 2010 c.2449delT 18 NS

Bignall et al. 2000 c.2460delC 18 NS

Hunstig et al. 2015 c.2465insAACA 18 FS
Bignall et al. 2000 c.2467C>T 18 NS

Bignall et al. 2000 c.2469+1G>A 18 Splice

Parren et al. 2018 c.2540G>A 19 NS
Almeida et al. 2008 c.2546G>A 19 NS

(Continued)
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(c.1806_1809delCTTA) located in exon 12 detected in 
a Hungarian patient affected by CCS, and a nonsense patho-
genic variant (c.2841C > G) in exon 20 identified in a CCS 
patient from the UK (Figure 4A). For the two novel reported 
mutations, written informed consents were obtained from the 
enrolled patients according to a protocol (Ref ID: BSS- 
GENET-001, BSS-GENET-002) approved by the Local 
Ethics Committee and the National Public Health and 
Medical Officer Service in adherence to the Helsinki 
guidelines.

Across the 107 published pathogenic variants of the 
CYLD gene, almost all (99%) identified pathogenic variants 
are located between exon 9 and 20, most frequently in exon 
16, 17 or 20. The encoded CYLD protein has two known 
functional domains: three cytoskeleton-associated glycine- 
rich domains (CAP-GLY) connecting CYLD to the micro-
tubules and the ubiquitin-specific protease domain (USP) 
responsible for the deubiquitinase activity of the protein.70 

The USP domain is coded by exons 12–20, the region in 
which exists the majority (80%) of identified CYLD patho-
genic variants in CCS patients (Figure 4).63–69

Regarding mutation types (Figure 4B), the most com-
mon are frameshift mutations (39%), which are responsi-
ble for approximately half of the reported CYLD disease– 
causing variants.20,34,44,46–48,64–66,71–87 Nonsense muta-
tions (22%) account for one quarter of the total identified 
mutations.44,47,68,69,71,73,74,76,83,85,88–94 Missense mutations 
are represented with a relatively low number, just 10% of 
the CYLD pathogenic variants,47,48,67,71,74,85,88,95–99 and 
splice site mutations 14%.44,66,69,82,83,97,100–104 A small 
proportion of reported pathogenic variants are due to 
large deletions24,49 and rearrangements.47 It is of interest 
to note that more than 10 large deletions including CYLD 
and adjacent genes have been described in children in an 
online database of developmental disorders, 
DECIPHER.105 Renal hypoplasia and intellectual disabil-
ity have been reported in these cases, and only a single 
case currently reports a skin tumour, but no histological 
data is available for this case. In other cases with contig-
uous deletions involving CYLD, external ear abnormalities 
(pinnae), anal atresia and hypospadias in males has also 
been reported.24

Table 1 (Continued). 

Paper Year Mutation Exon Mutation Type

Scholz et al. 2010 c.2552_2553insA 19 FS

Bignall et al. 2000 c.2569C>T 19 NS

Parren 2018 c.2581T>G 19 MS
Bignall et al, Oranje et al. 2000, 2008 c.2602G>T 19 NS

Nagy et al. 2012 c.2613C>G 19 MS

Grossman et al. 2013 c.2641delG 19 FS
Parren et al. 2018 c.2649dupT 19 FS

van den Ouweland et al. 2011 c.2655G>A 19 NS

van den Ouweland et al. 2011 c.2662_2664delTTT 19 Deletion
Tantcheva-Poór et al. 2016 c.2666A>T 19 MS

van den Ouweland et al. 2011 c.2686+60_3340del5632 20 Large deletion

Espana et al. 2007 c.2687G>C 20 MS
Furuichi et al. 2012 c.2709dupT 20 FS

Ly et al. 2008 c.2711C>T 20 MS

Tantcheva-Poór et al. 2016 c.2712delT 20 FS
Grossman et al. 2013 c.2713C>T 20 NS

Sima et al. 2010 c.2729dupC 20 FS

Bignall et al, Bowen et al, Young et al, 
Saggar et al, Kazakov et al, Nagy et al.

2000, 2005, 2006, 
2008, 2009, 2013

c.2806C>T 20 NS

Sima et al. 2010 c.2814_2817delGCTT 20 FS

Qian et al. 2014 c.2815delC 20 FS
Zheng et al. 2004 c.2822A>T 20 MS

Nagy et al. 2021 c.2841C>G 20 NS

Note: All mutations described in relation to reference sequence NM_015247. 
Abbreviations: FS, frameshift; NS, nonsense; MS, missense.
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Eleven percent of the CYLD pathogenic variants are 
recurrent.44,71–74,89–93,106,107 Haplotype analyses suggest 
that some of these recurrent pathogenic variants such as 
c.2806C > T and c.2272C > T, reported in geographically 
distant patients including Japanese, Chinese, Spanish, 
Dutch, Austrian, Canadian, Irish, Czech and Hungarian, 
are located in regions that are likely to be mutational 
hotspots in CYLD.44,48,73,74,90–93,106

Genotype–phenotype correlation has not been established, 
and mutations do not appear to predict severity. The pheno-
types seen with each mutation type vary even within families, 
both in terms of phenotypic presentation and tumour 
number.93,106 Besides several other presumed yet unidentified 
genetic, environmental or lifestyle causes, the observed high 
phenotypic diversity in CCS patients may also be explained by 
the presence of genetic variants located outside the CYLD gene 
locus that could modify the phenotype.108 Genetic variants 
identified in STAT3, TRAF3 and in NBR1 may alter the effect 
of the loss of CYLD function on NF-κB activity in CCS 
tumour cells.108 The results of recent functional analyses sup-
port the role of these genes in the modulation of CYLD 
function,109 and support larger scale investigations to discover 
phenotype modifier genes.

Genetic Testing in CCS
Before considering genetic testing for CCS, genetic disorders 
where multiple facial papules may be a presenting sign 
should also be considered. The differential diagnosis, in 
addition to the MFT phenotype of CCS for multiple facial 
papules, includes the following conditions: Birt–Hogg–Dubé 
syndrome: presents with multiple facial fibrofolliculomas 
and trichodiscomas due to germline pathogenic variants in 
FLCN. Tuberous sclerosis: presents with facial angiofibro-
mas that may mimic trichoepitheliomas, and is due to patho-
genic variants in TSC1 and TSC2. Neurofibromatosis, due to 
pathogenic variants in NF1, has also been recognised as 
a mimic of CCS.110 Cowden syndrome may present with 
periauricular trichilemmomas, and is due to pathogenic var-
iants in PTEN. Multiple facial trichoepitheliomas and severe 
hair loss should raise the possibility of Marie-Unna hypotri-
chosis, recently linked to a pathogenic variant in an untrans-
lated inhibitory region in the open reading frame of HR.111 

Multiple scalp tumours may represent trichilemmal cysts, 
and these are associated with pathogenic variants in 
PLCD1. These examples highlight the importance of derma-
topathology assessment of these skin tumours. In some 
healthcare settings, these disorders are tested as a panel of 
genes, as discussed below.

Genetic testing to establish CYLD pathogenic variant 
status can be performed in patients satisfying clinical 
diagnostic criteria for CCS: 1) A patient with two or 
more cylindromas, spiradenomas or trichoepitheliomas 
(with at least one tumour being histologically con-
firmed); 2) A patient with a single (ideally histologically 
confirmed) cylindroma, spiradenoma or trichoepithelioma 
who has a family history of confirmed CCS (either based 
on genetic or histological information).

Germline Testing for CCS
The aim of germline DNA testing is to obtain sequence 
data covering the CYLD locus, typically of the coding 
exons where the majority of pathogenic variants lie 
(Figure 5). Peripheral blood leucocytes are the pre-
ferred DNA source but, in some cases, buccal swabs 
are used. It is helpful to check requirements with the 
receiving laboratory. Extracted DNA can be subject to 
a range of different assays, including PCR of the cod-
ing exons of CYLD, targeted capture of CYLD followed 
by next-generation sequencing, either alone, as part of 
a panel of genes, or as part of a whole-exome capture, 
with analysis of selected genes (virtual panel). In 
England, for example, CYLD testing is currently avail-
able as part of panel genes used for the clinical pre-
sentation of “Multiple benign monogenic skin tumours” 
(https://panelapp.genomicsengland.co.uk/panels/558/). 
Such sequence data from coding CYLD exons allow 
detection of single nucleotide missense, nonsense and 
splice site variants, as well as small indels that disrupt 
the reading frame. The study of RNA sequencing data 
derived from peripheral blood leucocytes can inform 
the reclassification of novel splice site variants of 
uncertain significance. The yield of such tests in 
patients with multiple scalp cylindromas ranges from 
85% to 100%.74 In patients with the MFT phenotype 
alone, the yield may be lower, and in one study was 
44%. Overall, the rate from this study of all CCS 
phenotypes was 72%.74 This aligns with our experience 
as a UK test centre receiving national referrals for CCS 
over a 5-year period, and detecting a pathogenic var-
iant in 69% of the 56 pedigrees submitted.112 In muta-
tion-negative cases, additional testing to determine 
copy number changes and large deletions may be 
achieved via MLPA or SNP arrays (Figure 5). In 
some settings, RNA sequencing data of mutation- 
negative cases can lead to the detection of deep intro-
nic mutations.48 Increasingly, as whole-genome 
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sequencing reduces in cost, this may be a means to 
obtain comprehensive information on genetic variation 
involving CYLD, including structural changes such as 
inversions or gene fusions. Providing CYLD coverage 
is of sufficient depth, there is the additional potential to 
detect mosaicism.

Risk to Immediate Family in 
a Genotyped Individual with 
Germline CCS
In most cases of germline CCS, the affected parent is clinically 
obvious. It can be helpful to determine the parental origin by 

Figure 5 A suggested testing strategy for CCS that addresses germline and mosaic presentations. *RNA from blood leucocytes require special collection tubes; **in 
principle such a patient may still yet harbour a germline pathogenic variant, and it remains the clinician’s decision if she would prefer to pursue GERMLINE testing first. 
Abbreviations: PV, pathogenic variant; SNV, single nucleotide variant.
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confirmatory cascade testing where parental DNA is accessi-
ble and parents appear to be unaffected. CCS can present with 
subtle features, however, and some patients can be asympto-
matic. If an unaffected parent of a proband is confirmed to 
have the proband’s pathogenic variant, the proband’s siblings 
have a 50% risk of also having inherited the familial patho-
genic variant. In the scenario where neither parent is affected 
and does not carry the proband’s pathogenic variant, this may 
represent a de novo pathogenic mutation. It is important to 
recognise that the risk to the proband’s siblings in this case is 
still higher than the background population as either parent 
may have gonadal mosaicism. Cascade testing in the pro-
band’s siblings can determine their genetic status.

Children of the proband themselves also have a 50% 
risk of inheriting the familial pathogenic variant. 
Importantly, mutation analysis cannot currently prognosti-
cate severity. Because intrafamilial clinical variability is 
observed in CCS, offspring who inherit a CYLD patho-
genic variant may be more or less severely affected than 
the transmitting parent.

Testing of Suspected Mosaic CCS 
Cases
Unilateral clustered CCS skin tumours should lead the 
physician to consider a diagnosis of mosaic CCS. 
Suspected mosaic CCS patients can have two different 
genetic mechanisms for the presentation of unilateral 
CCS tumours as discussed above. Unilateral tumours and 
a family history of CCS should lead to germline testing of 
blood leucocyte DNA.113 In the absence of a family his-
tory, and a negative blood DNA result, CYLD sequencing 
of DNA from two CCS tumours from such a cluster should 
reveal a recurring pathogenic CYLD variant. This should 
ideally be done on fresh biopsies, as paraffin-embedded 
samples can be challenging to sequence due to DNA 
fragmentation. This approach may also benefit some 
cases with evidence of bilateral or multiple clusters 
where blood DNA testing is negative (Figure 6). Gonadal 
mosaicism in such cases is possible as discussed below.24

Genetic Counselling Issues for 
Genotyped CCS Patients
Family Planning
Genetic counselling can be informed by knowledge of 
genetic status, particularly in individuals that have not 

developed a clinical phenotype. Genetic testing is often dis-
cussed when a patient with CCS is considering family plan-
ning. A confirmed absence of the familial pathogenic variant 
in an at risk unaffected patient can assure the prevention of 
transmission of CCS to the next generation. The lack of 
ability to currently prognosticate severity in CCS based on 
genetic information makes a positive result less useful. In the 
context of prenatal testing, when a CYLD pathogenic variant 
is established in a family, prenatal testing and preimplanta-
tion genetic diagnosis (PGD) for pregnancies at increased 
risk are possible. A limitation of the ability to currently 
prognosticate severity and the variability of severity between 
generations should be discussed with the family when 
exploring such options.

Sporadic mosaic CCS cases may also have gonadal 
mosaicism, and there is a risk of parent-to-child transmis-
sion that is lower than in germline CCS.24 Knowledge of 
the mosaic pathogenic variant from skin tumour genetic 
assessment may allow techniques such DNA analysis of 
sperm in males to determine the level of gonadal mosai-
cism. Otherwise, PGD or other strategies may be consid-
ered in mosaic individuals who wish to use them when 
family planning.

Surveillance of CCS Patients
An annual full skin examination by a dermatologist is 
recommended in individuals with a clinical and/or genetic 
diagnosis of CCS. The frequency of follow-up can be 
tailored to the individual patient, as some patients require 
repeated surgery every three to four months if tumours 
continue to appear and grow. In patients with stable dis-
ease, or those without skin tumours, it may be reasonable 
to offer ad hoc follow-up. All CCS patients should be 
asked to report change in existing tumours such as rapid 
growth, tumours that appear different to existing lesions, 
or bleeding or ulcerated tumours. Dermatological assess-
ment should be rapidly available for these patients, to 
determine if urgent excision is warranted. Clinical salivary 
gland examination may also be performed on an annual 
basis. Patients over 40 years of age reporting new-onset 
breathlessness should have pulmonary radiological ima-
ging due to the potential risk of pulmonary cylindromas.

Clinical Trials for Genotyped CCS 
Patients
Treatment for CCS is predominantly surgical and is reviewed 
elsewhere.114 A placebo-controlled, phase 1b/2a clinical trial 
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of a topical targeted kinase inhibitor (tropomyosin receptor 
kinase-Trk) has been reported and showed short-term 
safety.115 Additional research is needed to determine the utility 
of targeting Trk in CCS. There are isolated single-case reports 
of topical, intralesional or systemic interventions in CCS, but 
the generalisability of these are limited as they are not placebo 
controlled, they lack objective measures used to assess 
improvement and so far, only short-term follow-up is reported. 
Resources where new clinical trials are registered, and are 

regularly updated include www.clinicaltrials.gov and www. 
clinicaltrialsregister.eu.

Concluding Statements
Genetic testing in CCS has been advanced by next- 
generation sequencing technologies, in particular for mosaic 
presentations. Determining the pathogenic variant in CYLD 
in an affected patient with CCS influences genetic counsel-
ling and family planning decisions. Challenges ahead include 

Figure 6 An overview of risk of transmission of germline and mosaic variants in CCS. 
Notes: Reprinted from J Am Acad Dermatol, 81, Arefi M, Wilson V, Muthiah S et al. Diverse presentations of cutaneous mosaicism occur in CYLD cutaneous syndrome and 
may result in parent-to-child transmission. 1300–1307, Copyright (2019), with permission from Elsevier.24
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the comprehensive delineation of disease modifying genes, 
such that clinicians are better placed to prognosticate regard-
ing severity of future disease. In addition, the progressive 
molecular dissection of CCS skin tumours may yield targe-
table pathways that are amenable to pre-emptive therapeutic 
interventions in future clinical trials. Continued research in 
partnership with patients with CCS is essential to address 
these challenges.
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