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ABSTRACT

Background: Xeroderma pigmentosum (XP) is a rare hereditary disease characterized by hypersensitivity to UV radiation
due to alterations in the nucleotide excision repair (NER) pathway. The XPA and XPC gene mutations are most
common in North African countries. Our goal was to perform a molecular study on patients with XP followed in our
northeastern Moroccan region to determine their genetic profile. Materials and methods: We explored the nonsense
(c.682C> T, p.Arg228X) mutation at the XPA gene and a two-base pair deletion (¢.1643_1644del TG or p.Val548Ala
fsX25) at the XPC gene level with the molecular PCR sequencing technique. Subsequently, the relationship between
the mutations found and the symptomatic and progressive features was analyzed. Results: In the course of our work,
the alterations of the two XPA and XPC genes responsible for xeroderma pigmentosum in a sample of 24 index cases
belonging to 22 unrelated families were characterized, revealing 14 cases of XPC and 6 cases of XPA. The study on the
correlation between genotypes and phenotypes in our study showed that neurological involvement was significant in
XPA patients and that these XPA patients develop malignant skin tumors carlier than XPC patients. Conclusions: In
our XP population, the alterations of the XPA and XPC genes responsible for xeroderma pigmentosum in a sample of
24 index cases belonging to 22 unrelated families were characterized, revealing 14 cases of XPC and 6 cases of XPA.
Neurological involvement was significant in XPA patients and these XPA patients were found to develop malignant

skin tumors earlier than XPC patients.
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INTRODUCTION

Xeroderma pigmentosum (XP) is a rare genetic disease
with autosomal recessive inheritance first described in
1870 by Hungarian dermatologist Moritz Kaposi, who
coined the term xeroderma, Latin for “dry or parched
skin.” The term pigmentosum underlines the pigmentary
disturbances in patients suffering from this disease [1,2].
[ts autosomal recessive transmission explains its relative
frequency in countries where consanguinity is high
and the size of families is considerable, for instance, in
Morocco [3]. In 1968, Cleaver demonstrated a deficiency
of UV repair of deoxyribonucleic acid (DNA) in XP cells
[4], which produces hypersensitivity to ultraviolet rays

and, consequently, a high risk of developing signs of
“Heloderma” and poikiloderma associated with xerosis
and skin fragility, sometimes evolving to infected and
trailing ulcerations, as well as cutaneous malignant
tumors and oculars at an early age [5]. Indeed, it has
been shown that the clinical heterogeneity of this disease
is linked to the existence of alteration in the genes
belonging to the various classical complementation
groups—XP-A to XP-G—which are distinguished by
certain symptomatic and evolutionary peculiarities. The
product of each of these genes plays a specific role in
the nucleotide excision resynthesis (NER) DNA repair
pathway. The human XPA and XPC gene mutations are
most common in Maghreb countries [3,6,7].
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The Goal of the Study

In this work, we performed a molecular study of the
XPA and XPC genes on XP patients followed in our
region to determine their genetic profile. Subsequently,
the relationship between the mutations found and the
symptomatic and progressive features was analyzed.

MATERIALS AND METHODS

This was a cross-sectional, prospective, descriptive, and
analytical study conducted from June 2017 through
January 2018 at the Dermatology Department of
Hassan Il University Hospital in Fez, which drains
patients from the northeastern region of Morocco.

All patients followed for xeroderma pigmentosum (XP)
were included in the collaboration with the Genetics
Department. We described the epidemiological and
clinical features of these patients, then explored
the two most common mutations in North African
countries with the molecular PCR sequencing
technique. We, first, explored the XPC gene mutation
at exon 9 (c.1643_1644delTG or p.Val548Ala £sX25)
in all patients, followed by the XPA gene at exon 6 (c.
682C> T, p.Arg228X) for those in whom the first XPC

mutation was negative.

These XP patients were examined in a day hospital.
Sampling was performed in two 5-mL EDTA
(ethylenediaminetetraacetic acid) tubes, each of blood,
which, then, were sent to the Genetics Department for
DNA extraction and PCR sequencing. The tubes were
stored at -20°C for later use. The results of molecular
sequencing were obtained after two weeks on average.

After obtaining the sequence of exon 9 of the XPC gene
and that of exon 6 of the XPA gene, a bioinformatic
analysis of the sequences was performed—in particular,
identification of the similarities between the query
sequence and the sequence from the database by
the Blast software. Subsequently, the relationship
between the mutations found and the symptomatic
and progressive features of the patients was analyzed.

Ethics Statement

Ethics approval was obtained from the ethics committees
of the University Hospital Center Hassan Il in Fez,
Morocco. All patients, or their parents, were informed
of the conditions related to the study and gave their
informed consent for the study and for publication.
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RESULTS

We collected a sample of 24 patients from 22
unrelated families, two of whom had two children with
AIDS. The average age was 15 years with extremes
ranging from 2 to 63 years. The majority of patients
(n = 20) were under 25 years of age. The patients
studied had a sex ratio (M/F) of 0.6, with 9 (37.5%)
males and 15 females (62.5%). The patients came
from different parts of Morocco, mainly from the
northwest, with a predominance of the Fez region
(n = 14). The majority of the patients were of rural
origin (n = 16). 62.5% (n = 15) of the patients had
first-degree consanguinity, 16.7% (n = 4) had second-
degree consanguinity, while 20.8% (n = 5) had no

consanguinity.

All our patients had a dark phototype, with 79.2% (n =
19) phototype IV, 16.7% (n = 4) phototype 111, and 4.2%
(n = 1) phototype V. The mean age of onset of early
symptoms of the disease was 42 months, with extremes
ranging from one month up to 20 years. Photophobia
and cutaneous photosensitivity were consistent signs in
all our XP patients. Dermatological examinations found
a poikiloderma appearance in all patients. The majority
of the patients had benign skin tumors (n = 19); these
tumors were made of nevi (Fig. 1), warts, seborrheic
keratoses, pyogenic granulomas, keratoacanthomas,
and ruby angiomas. The patients had precancerous
pigmented and unpigmented actinic keratose lesions
(Fig. 2), as well as various malignant skin tumors,
such as basal cell carcinomas (BCC), squamous cell
carcinomas (EC) (Fig. 3), and melanomas. No cases of
sarcoma or lymphoma were noted. Ocular involvement
of allergic or bacterial conjunctivitis was noted in §
patients (33%).

Figure 1: Junctional naevus in a patient with XP.
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Figure 2: Actinic keratosis in a patient with XP.

Figure 3: Squamous cell carcinoma in a patient with XP.

Three patients developed ocular tumors of squamous
cell carcinoma, responsible, in two of them, for
bilateral blindness and, in one patient, for unilateral
enucleation. Two patients had failure to thrive; one had
rickets; and one had high blood pressure. A molecular
study of the XPC gene revealed that the mutation was
found in 14 patients with common deletion of the T
and G nucleotides affecting exon 9 of the XPC gene
(c.1643_1644delTG or p.Val548Ala £sX25), 12 in the

homozygous state and 2 in the heterozygous state.

A molecular study on XP brothers from two families
revealed the presence of deletion of exon 9 of the XPC
gene.

As for the analysis of the XPA gene performed on the 10
patients in whom the XPC gene analysis did not reveal
pathogenic abnormalities, six patients had a nonsense
mutation (c.682C> T, p.Arg228X) serving at the level
of the XPA gene and 4 patients had no abnormality
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(c.682C> T, p.Arg228X). The results indicated that
neurological involvement was significant in XPA
patients. (P = 0.023). The same genetic group showed
carlier malignant skin tumors (of less than 6 years) with
the occurrence of acute reaction after exposure to the
sun, when compared to patients with XPC (P = 0.000).

DISCUSSION

Xeroderma pigmentosum (XP) is a rare autosomal
recessive genetic disorder that affects the Moroccan
population with a relatively high incidence rate when
compared with Europe. We were able to characterize
24 XP patients—the largest group analyzed in Morocco
to date. The sex ratio of our patients was 0.6, with a
predominance of women; this is consistent with the
results of a 2010 study by Soufir et al. [3]. Inbreeding
was found in 79.2% of cases. The average age of onset
was 42 months in the Soufir study, as in ours [3]. The
diagnosis of the disease was reached later, at an average
age of 9.5 years.

Clinical manifestations were photophobia,
photosensitivity, pruritus, poikiloderma, and xerosis
in all patients, in agreement with the results reported
in the literature [3,4]. These XP patients had benign
cutaneous tumors: nevi, warts, seborrheic keratoses,
botriomyomas, keratoacanthomas, and ruby angiomas,
with variable frequency. Malignant skin tumors
appeared in 79% of the XP patients, with CBC in
70.8% of cases, EC in 37.5% of cases, and melanoma
in 12.5% of cases. This high frequency of cutaneous
tumors might be explained by the delay of the diagnosis
of the disease and, therefore, the delay in initiating
photoprotective measures. Soufir et al., in 2010, and
Senhaji et al,, in 2012, observed the same results
[3,6]. In our study, the average age of development
of the first skin cancer was 9.3 years; all patients who
had developed skin cancer developed at least one
cancer other than a melanoma (CBC and/or CE) in
areas exposed to the sun. In 2000, Chavanne et al.
reported that the average age of development of the
first skin cancer was 11.7 years in 7 XPC patients from
southern Europe [8]. In 2012, Schafer et al. reported
a mean premature age of 7.1 years in 16 XPC patients
from Germany [9]. The low frequency of neurological
involvement in our series was similar to that reported
in the Soufir study [3].

In the literature, ocular involvement in XP is variable
and depends on the complementation group; this
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includes photophobia, conjunctivitis, keratitis,
entropion, ectropion, and ocular tumors.

The XPC and XPA groups have a higher risk of
developing this type of damage than the XPE group.
In our study, the results matched those found in the
literature without any difference in the severity of
ocular involvement, whatever the genetic group [10].
PCR sequencing revealed that the nonsense mutation
(c.682C> T, p.Arg228X) at the XPA gene level was
present in 25% (n = 6) of our XP patients. Common
deletion of the nucleotides T and G affecting exon 9
of the XPC gene (c.1643_1644delTG or p.Val548Ala
fsX25) was found in 58% (n = 14) of the patients, 12
in the homozygous state and 2 in the heterozygous
state. In these two heterozygous patients, another
mutation ought to be sought to consider compound
heterozygosity.

A molecular study by Soufir et al. of 66 unrelated
families in the Maghreb region showed that 85% of
the patients had XPC gene mutations; among them,
87% shared the founding mutation (approx. 1643
1644delTG). 12% of the XP patients had mutations
in the XPA gene, with a mutation frequency (c.682C>
T) of approximately 87.5% [3]. In an Algerian series,
the XPA mutation (c.682C> T) was present in 2 of
19 patients (10.5%) and the XPC mutation (1643
1644delTG) was present in 17 of 19 patients (89.5%)
in the homozygous state [11]. In a study conducted in
Casablanca, the XPC mutation (¢ 1643 1644delTG)
was estimated to account for more than 76% of cases
of XP in Moroccan patients [12]. Another study
conducted at the same institution involving XP
patients with neurological involvement revealed the
presence of the nonsense mutation (c.682C> T) in
the homozygous state at the level of the XPA gene in
78 patients [3].

The frequency of XPA mutation was previously
described in North Africa, but it is more common in
Japan [3]. The common homozygous XPC mutation
(c.1643_1644delTG) has been described in North
Africa, mainly in patients from Tunisia, and three
patients from Italy, Egypt, and Africa, respectively [7,8].
Two compound heterozygous patients (XP132BE and
XP30BE) were from the United States and Honduras.
In our study, there was no significant difference
between XPA and XPC patients in the age of onset of
the disease. In contrast to the literature describing an
carlier age of onset of XPA [10,13].
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The prevalence of malignant skin tumors is higher in
XPC patients than in XPA patients, which might be
explained by the early onset of XPA, leading to carly
photoprotection, thus preventing the occurrence of
skin tumors [14,15]. This difference was absent in
our study, which may have been due to the delay in
the consultation of parents because of the lack of
knowledge on this pathology.

CONCLUSION

In our work, the alterations of the XPA and XPC genes
responsible for xeroderma pigmentosum in a sample of
24 index cases belonging to 22 unrelated families were
characterized, revealing 14 cases of XPC and 6 cases of
XPA. Our study on the correlation between genotypes
and phenotypes revealed that neurological involvement
was significant in XPA patients and that these XPA
patients developed malignant skin tumors earlier than
XPC patients, which requires earlier implementation
of photoprotective strategies to prevent such damage.
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