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Abstract Xeroderma pigmentosum is a rare autosomal
recessive disease characterized by hypersensitivity to UV
light which is due to alterations of the nucleotide excision
repair pathway. Eight genes (XPA to XPG and XPV) are
responsible for the disease. Among them, the XPC gene is
known to be the most mutated in Mediterranean patients.
The aim of this study was to determine the frequency of the
most common XPC mutation and describe the clinical
features of Moroccan patients with xeroderma pigmento-
sum. Twenty four patients belonging to 21 unrelated
Moroccan families and 58 healthy subjects were investi-
gated. After clinical examination, the screening for the
c.1643_1644delTG (p.Val548AlafsX25) mutation in the
XPC gene was performed by PCR and automated
sequencing of exon 9 in all patients and controls. The
molecular analysis showed that among the 24 patients, 17
were homozygous for the c¢.1643_1644delTG mutation and
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all their tested parents were heterozygous, whereas the
others (7 patients) did not carry the mutation. The fre-
quency of this mutation was estimated to be 76.19 % (16/
21 families). None of the 58 healthy individuals carried this
mutation. In addition, clinical investigation showed that the
majority of the patients bearing this mutation have the
same clinical features. Our results revealed that the
p-Val548AlafsX25 mutation is the major cause (76.19 %)
of xeroderma pigmentosum in Moroccan families. This
would have an important impact on improving manage-
ment of patients and their relatives.
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Introduction

Xeroderma pigmentosum (XP) is a rare, autosomal, reces-
sive syndrome characterized by a sun-hypersensitivity
associated with skin abnormalities (poikiloderma, skin
atrophy, telangiectasia, actinic keratoses, angiomas, and
keratoacanthomas) and cancers [3, 27]. Patients may also
develop ocular abnormalities (photophobia, conjunctivitis,
keratitis, ectropion, and entropion) and/or neurological dis-
orders (mental deterioration, sensorineural deafness, hypo-
reflexia, spasticity and ataxia) [13]. The incidence of XP was
about 1/1,000,000 births in the USA and Europe [4],
1:20,000-100,000 in Japan [10, 18] and 1:10,000-30,000 in
North Africa [8, 12, 19, 29]. XP is caused by genetic defects
in the nucleotide excision repair (NER) pathway involved in
the repair of bulky DNA damage, such as UV-induced DNA
lesions [24]. Two NER sub-pathways have been described.
The first, transcription-coupled repair (TCR), is a fast system

@ Springer



54

Arch Dermatol Res (2013) 305:53-57

specialized in the repair of DNA lesions located on actively
transcribed genes. The second, global genome repair (GGR),
is a slower mechanism for repairing lesions located in the rest
of the genome [22]. Defects in NER are associated with
hypermutability and UV-induced cancer predisposition in
humans and in animal models [9]. Seven complementation
groups, from XP-A to XP-G, leading to defective DNA NER
and their corresponding genes have been characterized. An
additional form, XP variant (XP-V), has clinical XP leading
to defective DNA post-replication repair [3, 14]. Among the
seven complementation groups, the XPC, XPA and XPD are
the most frequent groups in Europe, North Africa, Japan and
the USA. These groups are responsible for about 90 % of XP
patients worldwide [24].

The XPC protein is responsible for the recognition of
target lesions and recruitment of the incision complex in
the first step of the NER during GGR but not during TCR
[1, 16, 25, 28]. To date, more than 36 pathogenic variants
have been reported in the XPC gene and the
c.1643_1644delTG is known to be the most common
mutation in Mediterranean XP patients [2, 21, 23]. This
frameshift mutation causes the absence of XPC protein
[20]. It has been found that the DNA repair level induced
by this mutation was reduced to 10-20 % of that of pro-
ficient normal cells [6, 23]. Here, we performed screening
for the most common XPC mutation and described the
clinical features of XP Moroccan patients.

Materials and methods
Subjects

Our study included 24 XP cases (16 females and 8 males;
sex ratio (M/F) = 0.5) with different clinical presentations
belonging to 21 unrelated Moroccan families, recruited
between July 2010 and June 2012. The age of patients
ranged from 1 to 28 years with a mean of 10.48 years. All
patients were diagnosed and treated at the department of
Dermatology in Ibn Rochd University Hospital of Casa-
blanca, Morocco. Five patients were familial cases with at
least one related affected by XP and 19 were sporadic cases
(no familial history of XP). The clinical data were collected
from medical records in a detailed questionnaire and
informed consent was obtained from each patient or his
parents. On the other hand, we also carried out genetic
investigation of 58 unrelated Moroccan healthy subjects
without any history of XP. Patients and controls originated
from different regions of the country. Whole blood samples
were collected from controls; patients and their relatives in
standard EDTA collection tubes. This study was approved
by the local ethical committee.
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Molecular investigation

Genomic DNA was extracted from whole blood by the
salting-out method [17]. Screening of most common
mutation, c.1643_1644delTG (p.Val548AlafsX25), was
performed by PCR amplification and sequencing of the
complete exon 9 of XPC gene having a length of 609 bp
using the following primers—XPC-9F: 5'-CCAGGGTGTC
TTATAAAGAGG-3' and XPC-9R: 5'-CAAGGCCTTACC
TCCAAG-3' [2]. PCR was performed in final volume of
15 ul with 30-50 ng of DNA, 6 pmol of each primer,
200 pM of dNTPs, 3 mM of MgCl,, 1x PCR buffer,
0.75 U of GoTaq polymerase (Promega, Madison, USA).
The PCR conditions included initial denaturation at 95 °C
for 5 min, 35 cycles of denaturation at 94 °C for 30 s,
annealing at 58 °C for 35 s, extension at 72 °C for 40 s,
and final elongation at 72 °C for 7 min. PCR products
clean-up was performed with exonuclease I and shrimp
alkaline phosphatase enzymes prior to sequencing.
Sequencing reactions were carried out using the BigDye
Terminator v 1.1 Standard Kit (Applied Biosystems, Foster
City, CA, USA) in accordance with the manufacturer’s
recommendations. Sequences were determined with an
ABI 3130 Genetic Analyzer and compared with the refer-
ence sequence of XPC gene (Genbank cDNA sequences,
NM_004628). All patient and healthy subjects were tested
for this mutation.

Results

In this study, we describe a series of 24 XP patients from
21 unrelated families. The clinical data of XP patients are
summarized in Table 1. Consanguinity was registered in
76.19 % (16/21) of families. Among them, 81.25 % were
of first degree and 18.75 % of second degree. XP symp-
toms have begun at a mean age of 21.78 months (range
3-84 months). Skin photosensitivity, poikilodermia and
xeroderma were present in all patients. However, skin
atrophy and telangiectasia were present in 79.17 % (19/24)
and 83.33 % (20/24) of cases, respectively. Skin tumors
occurred in 62.5 % (15/24) of patients, with BCC in
41.67 % (10/24), SCC in 54.17 % (13/24) and melanoma
in 4.17 % (1/24). Ophthalmological abnormalities were
noted in 87.5 % (21/24) of cases: photophobia in 87.5 %,
conjunctivitis in 16.67 %, keratitis in 37.5 %, ectropion in
8.33 %, corneal opacity in 4.17 %, and ocular tumors in
12.5 %. However, neurological symptoms have not been
observed in any of our patients. In addition, three patients
had other clinical symptoms, one patient had lymphoma,
another had sarcoma and last one had intracerebral
hemorrhage.
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Table 1 Clinical and molecular

feaFures of XP Moroccan i’s(tiieent Sex é}gezrs) (/)\fg; ;t(?;lss:hs) Consanguinity  Clinical symptoms XPC mutation®

patients N O T SL Ph
XP01 F 11 24 1st degree - 4+ + + +  Homozygous
XP02 F 10 24 1st degree - 4+ 4+ + + Homozygous
XP03 M 12 3 2nd degree - 4+ + + + Homozygous
XP04 F 9 6 2nd degree - + + + + Homozygous
XP05 F 21 12 No - + + + + Homozygous
XP06 F 18 12 Ist degree - 4+ 4+ + 4+ Negative
XP07 F 10 7 1st degree - 4+ + + +  Negative
XP08 M 18 Ist degree - 4+ + + +  Negative
XP09 F 12 1st degree - — 4+ + + Homozygous
XP10 M 18 No - 4+ + + + Homozygous
XP11 M 11 12 No - + + + +  Homozygous
XP12 F 10 12 Ist degree - — 4+ 4+ + Negative
XP13 F 7 72 1st degree - + + + + Homozygous
XP14 M 1st degree - + - 4+ + Homozygous
XP15 F Ist degree - + + +  Homozygous
XP16 F 5 17 2nd degree - 4+ + + +  Homozygous
XP17 M 15 36 No - — — + + Negative
XP18 F 26 84 Ist degree - + + 4+ + Negative
XP19 F 28 72 Ist degree - 4+ + 4+ + Negative

N neurological symptoms, XP20 M 6 12 1st degree - + 4+ + +  Homozygous

O ocular symptoms, T tumor, S~ XP21  F 15 6 1st degree - 4+ 4+ + + Homozygous

skin lesions, Ph photophobia XP22 F 2 12 1st degree - - + +  Homozygous

-+, Symptoms present; XP23 M 12 No - 4+ — 4+ + Homozygous

—, symptoms not present

" p.Val548AlafsX25 mutation XP24 F 25 3 1st degree - 4+ - 4+ +  Homozygous

Mutation analysis revealed that 17/24 XP patients are ~ Discussion

homozygous for the most common deletion of two bases
TG in exon 9 at position c.1643_1644 (NM_004628)
(Fig. 1). However, 7/24 patients were negative for this
mutation. Additional investigation showed that all tested
parents and some healthy relatives of XP patients were
heterozygous for this mutation. Thereby, the frequency of
this XPC alteration was estimated to be 76.19 % (16/21)
in XP Moroccan families. The majority of patients with
the p.Val548AlafsX25 mutation had the same clinical
characteristics. Indeed, skin photosensitivity and xero-
derma were present in all these patients, poikilodermia
and skin atrophy in 15/17, telangiectasia in 14/17, skin
tumors in 11/17 and ophthalmological disorders in 14/17
subjects; with absence of neurological symptoms. More-
over, molecular results showed the presence of two SNPs:
c.1362T>C (rs3731128) in XP18 and XP19; c.1496C>T
(rs2228000) in XP12.

On the other hand, screening for the c.1643_1644delTG
mutation in 58 healthy subjects showed the absence of
carriers in the general population.

XP is a highly heterogeneous disease at both clinical and
genetic levels. Our study focused on the screening of
c.1643_1644delTG (p.Val548AlafsX25) mutation of XPC
gene and described clinical features in Moroccan XP
patients. We found this mutation at a high frequency in XP
patients with about 76 % of screened families. Similar
findings were reported by previous studies. In fact,
approximately 74 % of XP probands were homozygous for
the common XPC Val548AlafsX25 mutation in a series of
66 Maghrebi patients [23]. In addition, this mutation was
found in the majority of examined XP patients from
Tunisia, Algeria, Egypt and Italy [2, 6, 7, 11, 15]. More-
over, the Val548AlafsX25 mutation was found in about 87
and 96 % of XPC patients from North Africa Maghrebian
patients, respectively [23]. This common mutation leads to
a premature termination codon and absence of normal XPC
protein [20]. Indeed, it affects interaction capacities
between XPC protein and DNA, RAD23B, CETN2 and
TFIIH molecules, which are necessary for DNA damage
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Fig. 1 Electropherograms showing sequencing results: a mutation
c.1643-1644delTG at a homozygous state, b wide type sequence and
¢ mutation c.1643-1644delTG at a heterozygous state

recognition, excision, gap-filling synthesis and ligation
during GG-NER [5]. Consequently, DNA repair level
induced by this mutation has been found decreased to
10-20 % in normal fibroblast cells [6, 23]. Like other
Mediterranean patients [2, 23], we found that the great
majority of our patients with Val548AlafsX25 mutation
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have the same clinical characteristics: skin photosensitivity
and lesions in all patients, the tumors and ophthamological
disorders were in 11 and 14/17 subjects, respectively.
Unlike our patients who showed absence of neurological
symptoms, 2/49 patients from Maghreb showed mental
retardation, microcephaly, deafness, spasticity and ataxia
[23].

On the other hand, the origin of the high frequency of
the common Val548AlafsX25 mutation has been investi-
gated in North African patients. Haplotype analysis of
microsatellites markers surrounding XPC gene suggested
the presence of a common founder effect specific to the
Mediterranean region with a common haplotype compris-
ing specific alleles [2, 23]. The age of occurrence of this
mutation was estimated to be 1,250 years ago which
approximately corresponds to the beginning of European
invasion by muslims from Arabia (the “Saracens”) [23]. In
our study, the high frequency of homozygous patients for
this mutation could mainly be explained by the high rate of
consanguinity reaching 75 % of mutated families, but not
due to carrier frequency in general population, as we do not
detect this mutation in 58 healthy Moroccan unrelated
subjects and that the heterozygous carriers frequency was
estimated to be about 1:500 worldwide [26].

In conclusion, our findings showed the predominance of
the ¢.1643_1644delTG (p.Val548AlafsX25) mutation in
Moroccan patients with xeroderma pigmentosum associ-
ated with a similar clinical profile in the majority of cases.
These results would help to establish an early diagnosis to
improve the management of XP patients and offer the
possibility to perform genetic counseling for XP relatives
in our country.
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