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Abstract

Germline mutations in the cylindromatosis gene (CYLD) are associated with a rare autosomal dominant disease known as CYLD
cutaneous syndrome (CCS). Patients present multiple neoplasms originating from skin appendages. Here, we investigated the
main clinical and molecular features of a large family with CCS having lived in a small Brazilian town for 6 generations, making
its prevalence significantly high. We observed a predominance of the disease among males and a wide phenotypic variation. A
high frequency of basal cell carcinomas among affected people was found. The mutation ¢.2806C>T, p.Arg936* in the CYLD
gene was detected in all patients. In this work, a geographical cluster of CCS was found, which raised some community genetics
issues related not only to the high prevalence of a rare disease in a limited area but also to the strong social stigma associated with

the disease.
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Introduction

Germline mutations in the cylindromatosis (CYLD) gene
(NCBI RefSeq: NM_015247.2) are associated with three rare
skin appendage autosomal dominant genodermatoses with tu-
mor predisposition: familial cylindromatosis (FC; OMIM
132700), multiple familial trichoepithelioma 1 (MFTI,
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OMIM: 601606), and Brooke-Spiegler syndrome (BSS;
OMIM 605041) (Parren et al. 2018).

Typically, FC is characterized by the presence of mul-
tiple cylindromas (benign tumors with differentiation to-
wards apocrine sweat glands) located on the scalp and
face, while MFT1 presents various trichoepitheliomas
(numerous firm skin-colored papules originating from hair
follicles) mainly at the center of the face. Patients with
BSS, on the other hand, usually present cylindromas,
trichoepitheliomas, and/or other skin appendage tumors,
such as spiradenomas (Nagy et al. 2015). Although they
are usually benign diseases, an association with malignan-
cy has been reported (Kallam et al. 2016), and lesions
might cause social and psychological issues due to cos-
metic disfigurement, which can affect the quality of life of
patients (Karimzadeh et al. 2018).

Currently, FC, MFT1, and BSS are considered a phenotyp-
ic spectrum of the same disorder, since members of the same
family with the CYLD mutation may present any of the three
phenotypes (Bowen et al. 2005; Parren et al. 2018). The clin-
ical differentiation among FC, MFT1, and BSS has no prog-
nostic or diagnostic value, and the term “CYLD cutaneous
syndrome” (CCS) for individuals carrying a CYLD mutation
has been proposed (Rajan et al. 2009).
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The CYLD gene is located at 16q12.1 and contains 20
exons. Generally, a single heterozygous mutation within
exons 9-20 is responsible for the phenotype (Verhoeft et al.
2016). CYLD is a tumor suppressor gene that encodes an en-
zyme with deubiquitinase activity that regulates many cellular
and signaling pathways, especially the nuclear factor-xB
(NF-kB) signaling pathway (Farkas et al. 2016; Verhoeft
et al. 2016). However, many biological aspects of the cutane-
ous syndrome related to mutations in CYLD remain poorly
understood, such as the molecular mechanisms of phenotypic
variation, the significance of frameshift and splice-site muta-
tions, and the complex interacting network of the CYLD pro-
tein (Nagy et al. 2015).

Clinical, molecular, and epidemiological research of CCS
has been limited in Brazil and Latin America (Nagy et al.
2015). Here, we report the prevalence of the disease in a
Brazilian town where a large family affected by this disease
lives, with a discussion of the molecular and clinical descrip-
tions, phenotypic variation, and sex ratio distortion.

Materials and methods
Subjects and pedigree building

The family investigated here lives in the Brazilian northeast
coastal town of Aracati (state of Ceara; 4° 33’ 43" S, 37° 46’
12" W). After consecutive meetings with its members, a six-
generation pedigree was built (Fig. 1) using Progeny v.7.0
software. To estimate the prevalence of the disease in
Aracati in 2017, data from the Brazilian Institute of
Geography and Statistics were collected. This study was ap-
proved by the Federal University of Rio Grande do Sul Ethics
Committee (CAEE 30802513.0.0000.5347), and informed
consent was obtained from all participants or their guardians.

Clinical evaluation

Family members were evaluated by a medical geneticist and a
dermatologist who performed physical evaluation and
dermatoscopy of the lesions. Skin biopsy for histological anal-
yses was performed in the proband (III-16), a 69-year-old
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woman with signs compatible with CCS since the age of 7
years (Fig. 2a).

Molecular screening

Saliva samples from 31 individuals (24 affected and 7 unaf-
fected) were collected with the Oragene® DNA kit (Genotek,
Ottawa, Ontario, Canada), and DNA extraction was per-
formed according to the manufacturer’s recommendations.
PCR was performed using primers specific for all 20 exons
and exon-intron boundaries of the CYLD gene. The amplified
products were purified following Exonuclease I and Alkaline
Phosphatase (Amersham Biosciences—GE Healthcare,
Piscataway) protocols. Both DNA strands were sequenced
using an ABI 3730/3730x Sequence Analyzer (Life
Technologies, Carlsbad, CA). Putative mutations were
resequenced for confirmation. DNA sequence analysis was
performed with CodonCode Aligner software. All statistical
analyses were carried out using SPSS v18.0 software.

Results
Prevalence estimate and pedigree analysis

The six-generation pedigree confirmed autosomal dominant
inheritance, with at least 48 people reportedly affected (Fig.
1). However, there was a predominance of males among those
affected (30/48 or 62.5%). We personally evaluated 24 pa-
tients (14 men/10 women). Therefore, the minimum preva-
lence of the disease for Aracati (CE) was 3.5/10,000 (24/
69,159 inhabitants). If we consider all individuals living in
the town and those who were reported as affected, the preva-
lence may reach 5.1/10,000 (35/69,159).

Clinical and histological evaluation

The main clinical characteristics of the 24 individuals are
summarized in Table 1. The reported average age of onset of
the lesions was 10.8 years (range 3—18, SD 4.4) for men and
10.5 years (range 1-21, SD 5.7) for women. Histopathological
findings of the proband’s skin biopsy showed basaloid cell
aggregates with keratinized cysts surrounded by specific
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Fig. 1 Pedigree of the family with CYLD cutaneous syndrome (CCS). Black symbols represent individuals who were clinically diagnosed with CCS, and
gray symbols represent individuals who were reported to have signs compatible with the syndrome
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Fig.2 Clinical, histopathological,
and molecular features. a
Proband’s face showing
numerous papules as well as scars
of esthetic treatments performed
previously. b Histopathological
features of a lesion removed from
proband showing islands of
basaloid cells with keratinized
cysts surrounded by follicular
stroma. ¢ Mutation ¢.2806C>T
(p-R936X) in exon 20 of CYLD
gene

follicular stroma, typical of trichoepithelioma (Fig. 2b)
(Karimzadeh et al. 2018). Dermatological examination re-
vealed numerous, firm, and dome-shaped skin papules mainly
on the forehead, nose, nasolabial folds, and perioral region,
which ranged in size from 2 to 10 mm (mean 4.0 mm), with
the formation of coalescent lesions in 18 cases. The most
common site where lesions appeared was the face, but lesions
off the face were found in 13 patients, mainly on the shoul-
ders, arms, back, and chest. In addition, lesions on the scalp
were found in only one patient.

The number and severity of the lesions was variable regard-
less of age and sex. For instance, the 56-year-old male (III-1)
had a greater number of lesions than the 92-year-old male (II-
1), while the 29-year-old (V-6) female had more lesions than
the 33-year-old female (IV-24). Four women (III-16, III-17,
IV-16, and V-6) and three men (III-1, IV-18, and IV-21) were
diagnosed with basal cell carcinoma close to the lesions.

Molecular evaluation

The nonsense mutation ¢.2806C>T, p.Arg936* in exon 20 of the
CYLD gene (Fig. 2c) was detected in all affected family mem-
bers and none of the unaffected relatives. The C to T substitution
results in arginine being replaced by a stop codon that is predict-
ed to lead to premature chain termination (Young et al. 2000).

Discussion

CCS is a rare genetic disease, and its exact prevalence around
the world is unknown (Karimzadeh et al. 2018). The preva-
lence of CYLD germline mutations in the UK population was
estimated to be ~ 1:100,000 (Dubois et al. 2015), much lower
than its minimum prevalence estimated in Aracati (3.5/
10,000). A geographical cluster, such as this one, prompts
the implementation of tailored health policies directed towards
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this community (Giugliani et al. 2019). In addition to genetic
counseling and clinical support offered to family members, it
is important to implement educational strategies aimed at the
whole community to avoid stigmatization of the family mem-
bers and the community itself. Clusters of genetic diseases are
not uncommon in Brazil, particularly in the northeast region,
where cultural habits associated with poverty frequently keep
people in the same geographical location (Cardoso et al.
2018). Moreover, the stigma related to the disease (deforming,
fear of being contagious) might prevent affected individuals
from moving from their local residence.

Clinical and histopathological characteristics indicated a
higher presence of trichoepitheliomas; however, the disease
was widely variable among individuals. The main variable
characteristics observed among affected people were the loca-
tion of the lesions, the presence of the inflammatory process
and basal cell carcinoma. This phenotypic variation of CCS
has been extensively reported elsewhere (Young et al. 2006;
Rajan et al. 2009; Parren et al. 2018). Modifier genotypes,
epigenetic mechanisms, and environmental factors may con-
tribute to the phenotypic variation of the disease. The family
reported here lives in a coastal city in northeast Brazil, only 4 °
south of the Equator, with strong exposure to sunlight nearly
all year (Corréa 2015). Cumulative ultraviolet exposure plays
an important role in photodamage, and it has been extensively
related to the etiopathogenesis of multiple cutaneous disor-
ders, including cancer, abnormal pigmentation, and aging
(Massoumi 2010; Schuch et al. 2017; Atzori et al. 2018).
Thus, intense exposure to sunlight may have had an effect
on the phenotypic expression in this family and may explain
the high prevalence of basal cell carcinoma.

Interestingly, we observed sex differences in the frequency
of the lesions. Other reports also observed a sex distortion,
with an excess of female affected individuals (Rajan et al.
2009; Karimzadeh et al. 2018). Here, the higher prevalence
was in males. We believe that this could be partially explained
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Table 1 Main clinical characteristics of all affected subjects

Case Gender Age Age ofonset Mean lesion  Out of the face ~ Confluence of Presence of  Associated
(years) (years) size (mm) location adjacent lesions BCC inflammatory process

V-1 F 33 1 4 yes yes no yes

V-2 M 18 3 3 no yes no no

1I-1 M 56 10 7 yes yes yes yes

11-2 M 45 13 5 yes yes no no

1I-1 M 92 18 8 yes no no no

1I-16 F 69 7 5 yes yes yes yes

V-9 F 35 13 3 no yes no no

IV-11 M 50 ? 5 no yes no no

IvV-12 M 31 ? 5 no yes no no

V-6 F 29 8 4 yes yes yes no

aI-17 F 72 12 10 yes yes yes yes

Iv-21 M 46 9 3 yes yes yes yes

IV-16 F 49 10 3 yes yes yes yes

V-7 M 25 14 2 no no no no

Iv-17 F 40 ? 3 no yes no no

IV-18 M 51 10 2 yes yes yes yes

V-9 M 29 ? 3 no no no no

V-12 M 27 6 2 no no no no

V-20 M 18 15 2 yes no no yes

V-15 F 15 12 3 no no no no

Iv-24 F 44 21 2 no yes no no

V-27 M 27 ? 3 yes yes no no

1I1-9 F 43 ? 4 no yes no no

1I-10 M 41 10 3 yes yes no no

Total men 14 39.7.(19.6)1 10.8 (4.4)t 3.8 (1.9 8 (57.1%)% 9 (64.3%)% 3(21.4%); 4 (28.6%)%

Total women 10 429 (17.3)f 10.5 5.7t 4.1 2.2t 5 (50%)% 9 90%)} 4 (40%)% 4 (40%)1

?, unavailable; BCC, basal cell carcinoma; 7, mean (standard deviation); 7, number of “yes” (percentage inside gender)

by the fact that among the 113 individuals within the family,
61 (54%) are men. Another explanation might be that in the
members of this family, the majority of men work as fisher-
men or on farmlands, while women keep more domestic ac-
tivities and consequently have less exposure to sunlight.
Several reports have described patients with benign skin
appendageal tumors carrying germline mutations in CYLD,
as reviewed by Nagy et al. (2015). The nonsense mutation
¢.2806C>T (p.R936X) in exon 20 of the CYLD gene was
already described in other studies, and it has been associated
with MFT1 (Zhang and Liang 2015) or FC alone (Bignell
et al. 2000; Saggar et al. 2008) and in the spectrum of BSS
(Bowen et al. 2005; Young et al. 2006; Saggar et al. 2008;
Grossmann et al. 2013; Nagy et al. 2013). The absence of the
mutation in all six unaffected individuals points to a com-
plete penetrance phenotype in this family. Nonsense mu-
tations account for approximately 27% of the CYLD mu-
tations identified thus far (Nagy et al. 2015), leading to a
truncated protein with potential loss of function of the CYLD
protein, losing its catalytic function of deubiquitinating other

@ Springer

target proteins, especially the NF-«kB signaling pathway, such
as TRAF2, TRAF6, NEMO, and BCL3 (Farkas et al. 2016;
Parren et al. 2018).

In our study, seven affected individuals were also diag-
nosed with basal cell carcinoma. This finding strengthens
the association of mutations in CYLD with malignancy, which
has been associated in some studies not only with basal cell
carcinoma but also with head and neck tumorigenesis and
salivary gland malignancy (Young et al. 2006; Kallam et al.
2016; Verhoett et al. 2016). In fact, CYLD is involved in the
regulation of biological processes such as cell proliferation
and inflammation, and loss of the deubiquitinating activity
of CYLD protein has been correlated with tumorigenesis
(Liang et al. 2005; Nagy et al. 2015). Therefore, the awareness
of'the potential development of carcinoma in patients carrying
CYLD mutations is important (du Toit et al. 2016; Kallam
et al. 2016). Consequently, guidance on photoprotection was
provided to all study participants.

There is still no cure for CCS. The patients reported here
have had uncomfortable lesions or suspected malignancy
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removed through repeated surgeries. We were able to offer
suitable genetic counseling to anyone who wished it. In addi-
tion, we are developing informative booklets on basic aspects
of the disease to be shared with the family and the town’s
health care settings. Future research in this and other families
with CCS around the world may help to reveal key aspects of
the disease, as well as provide important insights into human
tumorigenesis and treatment.

This study also raises some interesting aspects of mono-
genic disorders at the community level (Giugliani et al. 2019).
Autosomal recessive diseases are known to be associated with
isolation and endogamy, and clusters of these disorders can be
found in the Brazilian northeast at a relatively high frequency
(dos Santos et al. 2013; Cardoso et al. 2018). Here, we studied
an autosomal dominant disease in a large family with many
members having lived in the same small town for 6 genera-
tions, making its prevalence significantly high. A few mem-
bers have now emigrated to Fortaleza, the capital of Ceara, but
the majority still live in Aracati, as they did about 100 years
ago. Although we provided individual genetic counseling for
the family members who wanted it, we should also provide
knowledge for the community. A strong prejudice is pervasive
in the community since CCS produces deforming lesions
(whose effects can be even more severe with the presence of
BCC), and there is an unfounded fear of the lesions being
contagious. Moreover, an autosomal dominant trait evidently
runs in the family and can reinforce their exclusion from the
community. Consequently, our efforts were also directed to
spread information to health professionals—both for appropri-
ate medical care and for understanding the biological basis of
the disease.

Conclusion

CYLD cutaneous syndrome is considered rare around the
world, but a cluster due to a large family in a coastal town in
the Brazilian northeast was found. The investigation of six
generations of affected individuals with CCS permitted the
study of important aspects of the disease, such as a sex ratio
distortion and a high frequency of basal cell carcinomas
among affected people. Moreover, we explored the impact
of the disease when many individuals in one large family in
a small community are affected. This work reinforces the need
for health professionals to be prepared to host, care, and pro-
vide genetic counseling for those patients.
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