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Abstract 

Background:  Xeroderma pigmentosum (XP) is a rare autosomal recessive skin disorder characterized by hyper-
pigmentation, premature skin aging, ocular and cutaneous photosensitivity with increased risk of skin tumors. XP is 
caused by mutations in DNA repair genes that protect cells from UV-induced DNA damage. The current study aims to 
investigate, on clinical and genetic basis, Moroccan XP patients. We explored by direct sequencing the involvement 
of the prevalent XPA and XPC genes mutations: nonsense mutation (c.682C>T, p.Arg228X) and a two-base-pair (2 bp) 
deletion (c.1643 1644delTG or p.Val548Ala fsX25), respectively, in 40 index cases from 37 unrelated families in Moroc-
can population.

Results:  Early skin and ocular manifestations were detected with high rate of malignancy. Cutaneous lesions pro-
gressed to malignant skin tumor in 70% of cases. Ocular tumors were also observed in 11 patients including BCC in 
eight cases, SCC in three cases and melanoma in four cases. Among the 40 patients, there were 20 homozygous cases 
for the 2 bp deletion in the XPC gene and 9 homozygous cases carrying the nonsense XPA mutation.

Conclusion:  These findings obtained in the present study revealed that the XPC gene mutation (c.1643 1644delTG, 
p.Val548AlafsX25) is the major cause of Xeroderma pigmentosum in our population. The c.682C>T (p.Arg228X) muta-
tion is relatively associated with moderate phenotype in XP group A Moroccan families. This result will also contrib-
ute to improving the molecular diagnosis of XP disease and will have a significant impact on improving the care of 
Moroccan patients and their relatives.
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Background
Xeroderma  pigmentosum  (XP; OMIM: 278700–278780) 
is a rare autosomal recessive skin disorder. XP has been 
reported around the world with variable incidence. In 
fact, much higher rates were observed in North African 
countries (Morocco 1:80,504; Tunisia 1:10,000) compared 
to US and Western Europe ones (2–3 per million births) 

[1–4]. It is mainly due to high frequency of consanguine-
ous marriage in these countries. In fact, the percentage 
of consanguinity in Morocco reaches 19% with an even 
greater proportion in the remote regions of the Middle 
Atlas (25.4%) [5]. Moreover, in XP, the sexes are affected 
equally

XP was first described by Hungarian dermatologist 
Moritz Kaposi in 1874. He describes the dry and tightly 
stretched appearance of the skin of a young German 
patient. Almost a century after, the relationship between 
XP symptoms, DNA damage caused by ultraviolet radia-
tions and deficiency of DNA repair mechanism was 
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raised by Gartler in 1964 and Cleaver in 1968. XP is clini-
cally manifested by photosensitivity with an early hyper-
pigmentation in sun-exposed areas. Furthermore, signs 
of poikilothermic skin changes and premature skin aging 
can also be observed at early childhood. The risk of skin 
cancers, such as BCCs, SCCs and cutaneous melanoma, 
is particularly increased in patients with XP. These cuta-
neous manifestations are often associated with ocular 
lesions and sometimes neurological symptoms [6, 7].

In the past decades, it has been established that XP 
pathology is mainly caused by mutations in genes encod-
ing for proteins involved in the nucleotide excision repair 
pathway (NER). The NER is a mechanism for detect-
ing and repairing lesions in the DNA, which are mainly 
cyclobutane pyrimidine dimers (CPDs) and 6-pyrimidine 
4-pyrimidone (6-4PPs) photoproducts. Defective NER 
fails to excise DNA damage lesions leading to distortion 
of DNA structure and consequently disruption of DNA 
replication and transcription. There are two types of NER 
mechanisms: GGR, for global genome repair, which is a 
mechanism that repairs damage throughout the genome 
and TCR, for transcription-coupled repair, which is a 
repairing mechanism of transcription-blocking lesions. 
During the GGR-NER, the lesion recognition step is 
made by the XPC complex. This complex consists of 
three subunits: XPC, HR23B, and centrin 2 which local-
ize the deformation of the DNA structure caused by the 
lesion. In TCR-NER, the RNA polymerase II (RNAPII) 
coupled with two other proteins CSA and CSB recognizes 
damage at the transcribed DNA strand. After lesion rec-
ognition step, both the GGR and the TCR need the same 
repair factors to remove the lesion. The transcription fac-
tor II H (TFIIH) is thus recruited. Thanks to the helicase 
and ATPase activities of its two XPB and XPD subunits, 
the complex TFIIH opens the double helix at the dam-
age site. The pre-incision complex is further stabilized 
by XPA binding to the lesion-containing DNA strand 
and RPA binding to the undamaged strand. To excise 
the lesion from the damaged DNA strand, the endonu-
clease XPG and the complex XPF-ERCC1 are recruited. 
After excision, XPG recruits PCNA and RFC resynthesis 
factors. Thus, RPA, XPG, RFC and PCNA factors form 
a structural base allowing the recruitment of DNA pol-
ymerase δ, ε, or κ and the beginning of the resynthesis 
phase of the repair mechanism. After the gap-filling syn-
thesis, DNA ligase I seals the remaining nick [8, 9].

Mutations in any of these proteins from the NER path-
ways (GGR or TCR) lead to abnormalities in DNA repair 
that have been noted in multiple clinical syndromes 
including Xeroderma  pigmentosum. Based on which 
gene is mutated, XP patients are grouped into seven 
complementation groups (XP-A to XP-G). An eighth 
group, the XP variant (XP-V) is caused by mutations in 

polymerase η gene (Pol H) involved in translesion DNA 
synthesis [10, 11]. Among these different entities, XP-C 
is the most prevalent complementation group worldwide, 
followed by XP-A, especially in North African countries 
[12]. Nowadays, it becomes common practice to perform 
molecular analysis of the XP genes in order to determine 
the exact mutation responsible for the clinical symptoms 
[13].

The current study aims to investigate, on clinical and 
genetic basis, 40 Moroccan XP patients. The molecu-
lar analyses targeted the mutational status of XPA and 
XPC genes due to their high prevalence in North African 
population.

Methods
Subjects
This study was approved by the Medical Genetics 
Department and Dermatology Department of Hassan II 
University Hospital in Fez, which drains patients from 
the northeastern region of Morocco.

We collect a sapmle of  forty XP patients with different 
clinical presentations belonging to 37 unrelated Moroc-
can families were recruited between July 2017 and Janu-
ary 2022. Informed consent was obtained, and personal 
data and familial history were noted for each patient.

Genetic screening
Peripheral blood samples (10  ml) were collected in 
EDTA tubes from all recruited patients. Genomic DNA 
was extracted using Genomic DNA kit (Invitrogen). 
The quality and quantity of the DNA were controlled by 
A260⁄A280 using a Nanodrop spectrophotometer (Nan-
odrop; Fisher Scientific, Wilmington, DE, USA).

Screening of the most common mutations, 
c.1643_1644delTG (p.Val548AlafsX25) in exon 9 of XPC 
and c.682C>T (p.Arg228Ter) in exon 6 of XPA, was per-
formed by polymerase chain reaction (PCR), using the 
following primers: XPC-9F: 5′CCA​GGG​TGT​CTT​ATA​
AAG​AGG-3′; XPC-9R:5′-CAA​GGC​CTT​ACC​TCC​AAG​
-3′; XPA-6Fa:5′-GTG​AGG​TAA​GAA​AGT​AAG​TTT​GCC​
AAG-3′; XPA-6Ra:5′-TCT​AGC​ACT​CAG​CTC​CCA​TCT​
CTG​-3′; XPA-6Fb: 5′-GTT​TCA​GTG​AAG​GTC​ACC​
TGGC-3′; XPA-6Rb:5′-GGT​TGG​TAA​ATG​CTC​AGT​
AAA​TGT​TAGC-3′. PCR was carried out in a final reac-
tion volume of 25 µL containing 100 ng of genomic DNA, 
5 U of Taq (Invitrogen), 20 pmol of each primer, 50 mM 
MgCl2, 10 mM dNTP, and 10 × PCR buffer (Invitrogen). 
PCR conditions were 95 °C for 10 min; 35 cycles of 95 °C 
for 30  s, 60  °C (exon9-XPC) or 64  °C (exon6a&b-XPA) 
for 30 s, and 72 °C for 1 min; and extension at 72 °C for 
9 min.
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The PCR products were first purified using ExoSAPIT™ 
(USB Corporation, OH, USA) and then sequenced using 
BigDye Terminator v3.1 and capillary electrophoresis was 
performed using the Applied Biosystems 3500Dx Genetic 
Analyzer. (Applied Biosystems, CA, USA).

The chromatogram was analyzed by the Sequencing 
Analysis SeqA v.5.4 (Applied Biosystems). The sequences 
thus obtained underwent bioinformatics analysis using 
the “Nucleotide Blast” alignment program at http://​blast.​
ncbi.​nlm.​nih.​gov.

Results
Clinical finding
This cohort study involved a series of 40 XP Moroc-
can patients (20 females and 20 males) from 37 unre-
lated families. All the clinical data are summarized in 
Table  1. In fact, the age of disease onset ranged from 
0.16 to 22 years with an average of 4.21 years. The age at 
examination ranged from 1 to 33 years with an average of 
9.67 years. Consanguinity was registered in 75% of fami-
lies (30/40). Among them, 66.67% (20/30) were of the 
first cousin and 33.33% (10/30) of the second cousin.

All patients developed classic skin manifestations 
related to XP including skin photosensitivity, poikilo-
therma and xerosis. In the present study, 24 patients 
(60%) presented with lentigines localized in photoex-
posed regions and 62.5% of the cases (25/40) presented 
with warts. Benign and precancerous skin lesions were 
also noted in the present study with the presence of kera-
toacanthoma in 25% of the cases and actinic keratosis in 
55%. Furthermore, all patients presented with abnormali-
ties: photophobia in 100%, conjunctivitis in 32.5% and 
ectropion in 17.5%. Seven patients had also neurologi-
cal symptoms consisting mainly of neurodevelopmental 
delay observed in six patients and only one patient pre-
sented with a mild dysfunction of the prefrontal cerebral 
cortex. Benign vascular proliferations, like telangiectasia, 
were also noted.

Cutaneous lesions progressed to malignant skin tumor 
in 70% (28/40) of the cases. A total of 245 BCC and 39 
SCC were detected in addition to 24 skin melanoma. We 
diagnosed basal cell carcinoma (BCC) in 25 patients, 
squamous cell carcinoma (SCC) in 16 patients and mela-
noma in nine patients. In addition, ocular tumors were 
also observed in 11 patients including BCC in eight cases, 
SCC in three cases and melanoma in four cases. The 
number and distribution of tumors in our cohort are rep-
resented in Table 2.

In this cohort, ten patients do not present any XPA 
or XPC mutation, despite the presence of characteristic 
clinical manifestations. It is therefore essential to com-
plete the molecular investigation to search for possible 
mutations characteristic of other XP groups.

Genetic findings
Mutation analysis of XPC gene revealed the presence of 
the most common deletion of two bases TG in the exon 
9 at position c.1643_1644 (NM_004628) in 21/40 cases. 
20/40 patients were homozygous for this mutation, 
whereas one patient presented heterozygous mutation.

The occurrence of hematologic, thyroid and gynecolog-
ical malignancies has been described in XPC patients in 
several studies [14–17]. Nevertheless, none of these clini-
cal manifestations were found among the 21 XPC delTG 
patients. Rigorous follow-up of these patients and regular 
blood tests appear essential for a better detection.

Neurological manifestations are noted in 14 to 40% of 
XP patients, particularly in groups A, B, D and G. There is 
no correlation between the severity of the skin lesion and 
the presence of neurological manifestations [18]. How-
ever, in our cohort, the XP33 patient had a homozygous 
mutation del TG along with neurological manifestations.

Furthermore, sequencing analysis showed that 9/40 
XP patients presented the recurrent nonsense mutation 
c.682C>T (p.Arg228Ter) in exon 6 of XPA in homozygote 
state. However, 5/40 patients were negative for both XPC 
and XPA mutations.

Among the nine patients carrying the c.682C>T muta-
tion of the XPA gene, three present the c.1496C>T 
(rs2228000) polymorphism in the heterozygous state. 
Moreover, six patients without mutations present this 
same polymorphism, two are in the heterozygous state 
and four in the homozygous state (Table 1, Fig. 1).

Discussion
In this study, we described the mutational and clinical 
profiling of 40 XP cases. It presents, as far as we know, 
the first large study of XP in the North-East population 
of Morocco.

The mean age of XP diagnosis was 9.67  years which 
is consistent with previous studies [7, 19]. However, the 
mean age for the development of the first skin cancer in 
our Moroccan cohort was 12.34  years. This average age 
difference compared to other studies [7, 19] could be 
explained by the fact that the patients attended at the 
university hospital present at a relatively advanced age, 
after a long history of cumulative sun exposure without 
rigorous sun protection. In fact, six patients presented 
at an age above 18  years. Globally, our clinical features 
were quite similar to those reported in several cohorts [9, 
19–21].

In another side, skin tumors occurred in 70% (28/40) 
of patients nearly alike other studies [7, 16, 20, 22]. We 
also noted that all patients who developed skin can-
cer developed at least one non-melanoma skin can-
cer (NMSC); either basal or squamous cell carcinoma 
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in sunexposed skin areas. A total of 245 BCC and 39 
SCC were detected in addition to 24 skin melanoma. 
Indeed, few data reported that the frequency of cutane-
ous tumors differs from one complementation group to 
the other with a predominance of BCC and SCC in XPC 
group. They describe the development of higher rate of 

NMSC compared to melanoma [7]. Thus, our results per-
fectly correlate with these findings.

This high rate of malignant skin tumors in our Moroc-
can series in particular and in the Maghreb series in 
general can be explained by the high cost of strict pho-
toprotection, especially for poor patients, the difficulty 

Table 2  Type and number of malignancies developed in the 40 studied Moroccan Xeroderma pigmentosum patients

P patients; Y years; BCC basal cell carcinoma; SCC squamous cell carcinoma; T total number of tumors

P Age of first Tm (Y) Skin malignancies Ocular malignancies T

BCC SCC Melanoma BCC SCC Melanoma

XP1 0 0 0 0 0 0 0 0

XP2 7 4 2 7 1 0 2 16

XP3 14 4 0 1 0 0 1 6

XP4 9 25 6 0 1 1 0 33

XP5 0 0 0 0 0 0 0 0

XP6 3.5 3 2 1 0 0 0 6

XP7 18 5 0 8 0 0 0 13

XP8 0 0 0 0 0 0 0 0

XP9 42 11 2 0 0 0 0 13

XP10 4 18 1 1 0 0 0 20

XP11 7 11 0 1 0 0 0 12

XP12 0 0 0 0 0 0 0 0

XP13 6 8 0 0 0 0 0 8

XP14 13 6 0 0 0 0 0 6

XP15 6 1 0 0 0 0 0 1

XP16 19 2 1 0 0 0 0 3

XP17 4 0 0 1 0 0 0 1

XP18 4 8 1 0 0 0 0 9

XP19 0 0 0 0 0 0 0 0

XP20 14 4 0 0 0 0 0 4

XP21 5 6 6 0 0 0 0 12

XP22 12 44 1 0 2 0 0 47

XP23 0 0 0 0 0 0 0 0

XP24 14 18 0 0 1 0 0 19

XP25 10 5 1 0 0 0 0 6

XP26 18 5 0 1 0 0 1 7

XP27 0 0 0 0 0 0 0 0

XP28 5 5 3 3 0 0 0 11

XP29 21 8 2 0 1 0 0 11

XP30 0 0 0 0 0 0 0 0

XP31 0 0 0 0 0 0 0 0

XP32 8 27 6 0 3 0 0 36

XP33 0 0 0 0 0 0 0 0

XP34 33 4 3 0 1 0 0 8

XP35 17 10 0 0 1 1 0 12

XP36 5 3 0 0 0 0 0 3

XP37 15 0 1 0 0 0 0 1

XP38 0 0 0 0 0 0 0 0

XP39 0 0 0 0 0 0 0 0

XP40 28 0 1 0 0 1 0 2
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in accessing healthcare and the lack of knowledge of the 
pathology.

Furthermore, the severity of ocular manifestations is 
generally correlated with that of skin involvement and 
there is a risk of development of malignant ocular tumors 
[23, 24]. In our series, 27.5% of patients developed ocu-
lar malignancies. Moussaid et al. [25] found that 25.3% of 
patients presented ocular tumors. North African series 
reported a rate of approaching 25% [26, 27].

The diagnosis of XP is mainly based on clinical features. 
Molecular genetics is essential for the determination of 
the exact complementation group. In North Africa and 
Southern Europe, XP-C and XP-A are the most frequent 
groups [21].

The present study focused on two common muta-
tions: the frame shift mutation (c.1643 1644delTG, 
p.Val548AlafsX25), located in exon 9 of the XPC gene, 
and the nonsense mutation (c.682C>T) in exon 6 of the 
XPA gene. The XPC mutation was detected in 21 of 40 
(52.5%), and the nonsense mutation in XPA gene was 
found in 9 of 40 (22.5%) patients.

Molecular investigation of Soufir et  al. conducted on 
66 unrelated families from the Maghreb region revealed 
mutations in the XPC gene in 85% of patients; among 
them, 87% shared the mutation (c.1643 1644delTG). 
Alterations in the XPA gene were found in 12% of 
cases with a frequency of about 87.5% for the mutation 
(c.682C>T) [12]. Senhaji et al. [22] identified XPC muta-
tions in 76% of patients. Bensenouci et al. [20] observed 
this common mutation in 89.5%. The detected mutation 
leads to a premature termination codon and the absence 
of normal XPC protein. Due to the large spread of this 
mutation in North African countries, several studies put 
the emphasis on the possibility of having the same ances-
tor. As a matter of fact, it was shown that this mutation 
occurred approximately 1250  years ago applying micro-
satellite haplotyping. This was the time when Muslims 
from the Arabian Peninsula conquered Southern Europe. 
Our patients with this mutation also originated from this 
geographical region [19].

On another side, it was established that patients with 
typical c.682C>T XP-A mutation exhibit moderate clini-
cal abnormalities and neurological symptoms. The same 

Fig. 1  Sequencing chromatograms of XPC and XPA mutations identified in our cohort. a wild type, b mutation c.1643-1644delTG at a homozygous 
state sequence and c mutation c.1643-1644delTG at a heterozygous state, d wild type, e polymorphism C.1496 C>T at a homozygous state 
sequence and f polymorphism C.1496 C>T at a heterozygous state, g wild type, h mutation C.682C>T at a homozygous state sequence
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manifestations were detected in American, European and 
Japanese families who are sharing this punctual mutation. 
In fact, this mutation occurs in the C-terminal domain of 
XPA protein explaining the moderate phenotype of XPA 
group.

Among the nine patients presenting the XPA common 
mutation, six showed neurodevelopmental delay. The 
XP33 patient had a homozygous mutation del TG along 
with neurological manifestations. The same case was pre-
viously described by khan et al. 2009 who described two 
XPC patients with homozygous mutation in the initiation 
codon with and without neurological involvement. Pos-
sible hypothesis explaining the neurological abnormali-
ties in these patients could be related to the simultaneous 
inheritance of other pathogenic genes or could result 
from other gene-modifying effects; rather than the influ-
ence of the XPC gene itself [28].

We identified 10 patients with the main clinical mani-
festations of XP in which none of the previous mutations 
was detected. Therefore, it is essential to complete the 
molecular investigation in search of characteristic muta-
tions in the other XP genes.

The interest of molecular diagnosis is based on the early 
management of patients in the preclinical phase, but also 
the screening of asymptomatic carriers in order to reduce 
the frequency of heterozygosity and therefore the inci-
dence of XP through targeted family planning. In this 
context, all patients and their relatives underwent genetic 
counseling based on the results of the molecular study.

Conclusion
The results obtained in the present study revealed 
that the XPC gene mutation (c.1643 1644delTG, 
p.Val548AlafsX25) is the major cause of  Xeroderma 
pigmentosum in our population. The design of a simple 
method to allow accurate and early molecular diagnosis 
in newborns is primordial in order to initiate photopro-
tection measures before clinical manifestations. Addi-
tionally, early diagnosis might improve prognosis of the 
disease. This could also facilitate genetic counseling for 
families at risk and facilitate screening of asymptomatic 
carriers to decrease the frequency of heterozygosity and 
thus the frequency of Xeroderma pigmentosum.
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