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Abstract

Background: Xeroderma pigmentosum (XP) is a rare genetic disorder, which is
characterized by hyper-sensitivity to solar ultraviolet (UV) radiation. Clinical con-
sequences of sun exposure are skin lesions and an increased risk of developing skin
cancer. Genetic studies have identified eight genes associated with xeroderma pig-
mentosum. The proteins encoded by these genes are mainly involved in DNA repair
mechanisms.

Methods: Molecular genetic characterization of patients with xeroderma pigmento-
sum involved positional cloning methods such as homozygosity mapping and sub-
sequent candidate gene analysis. Mutation screening was performed through Sanger
DNA sequencing.

Results and Discussion: In this case study, we report a novel protein truncating
mutation in XPC associated with autosomal recessive xeroderma pigmentosum in
a consanguineous Pakistani family. Genetic mapping revealed a novel single base
insertion of a thymine nucleotide NM_004628.4: c.291dupT (c.291_292insT) in the
second exon of XPC. The identified mutation leads to a premature stop codon (TGA)
at amino acid position 98 (p.Asp98*) and thus presumably results in a truncated pro-
tein. The Xeroderma pigmentosum, complementation group C (XPC) is located on
3p25.1 and encodes a protein involved in nucleotide excision repair. The identified
mutation presumably truncates all functional domains of the XPC protein, which
likely results in the loss of protein function.

Conclusion: The study expands the knowledge of the mutational spectrum of XPC

and is valuable for genetic counseling of affected individuals and their families.
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1 | INTRODUCTION

Xeroderma pigmentosum (XP) is a rare genetic disorder caused
by mutations in genes involved in the nucleotide excision repair
(NER) pathway. The disease is characterized by severe sun-
light sensitivity, changes in skin pigmentation, sunburn, and
skin cancer (Jeppesen, Bohr, & Stevnsner, 2011; Lehmann,
McGibbon, & Stefanini, 2011; Rao, 2007; Rass, Ahel, & West,
2007). It follows an autosomal recessive mode of inheritance
affecting both males and females equally (Lehmann et al.,
2011). The disease occurs in all ethnicities worldwide with an
estimated incidence of 2.3 per million live births in Western
Europe (Kleijer et al., 2008). Higher incidences have been re-
ported for Japan (1:20,000), North Africa, Pakistan, and the
Middle East, in which consanguineous marriages are more
frequent (Hirai et al., 2006). XP group C is the most common
form of XP in Europe and North Africa, accounting for about
one third of all the forms (Soufir et al., 2010).

To date, eight genes have been identified to be associated
with autosomal recessive XP (Fassihi et al., 2016), includ-
ing XPA (Salob, Webb, & Atherton, 1992), ERCC3 (XPB)
(Lehmann, 1982), XPC (Li, Bales, Peterson, & Legerski,
1993), ERCC2 (XPD) (Frederick, Amirkhan, Schultz, &
Friedberg, 1994) DDB2 (XPE) (Nichols, Ong & Linn,
1996), ERCC4 (XPF) (Fujiwara et al., 1985), ERCCS5 (XPG)
(Keijzer et al., 1979), and POLH (XPV) (Masutani et al.,
1999). Physiologically, most of the reported XP genes are in-
volved in UV-induced nucleotide excision repair (NER). The
proteins encoded by XPC and DDB?2 are required to recog-
nize DNA photoproducts and to initiate the NER pathway.
After binding to the nondamaged strand opposite of the le-
sion, recruitment of the TFIIH complex containing ERCC3
and ERCC2 is required to open the DNA structure and to
verify the chemical modification of the photoproduct. Lesion
recognition leads to the formation of the preincision complex
including XPA and ERCCS. Recruitment of ERCC4 inter-
acting with XPA leads to incision at 5 of the damage site,
repair initiation by polymerases and associated factors, and
37 incision via ERCC5 (Schirer, 2013).

Depending on the XP group, patients either have a defec-
tive repair mechanism or lack the NER mechanism entirely
(Stary & Sarasin, 2002). Severe and prolonged sunburn re-
sponse is found in about 60% of XP patients. Development of
lentigines in sun exposed areas is characteristic for this dis-
ease. In XP patients, incidence of nonmelanoma skin cancer
is increased 10,000-fold compared to melanoma skin cancer
where the risk is 2,000-fold higher under the age of 20 years
(Bradford et al., 2011). In some patients, a varying degree
of neurological and ocular symptoms, such as cognitive im-
pairment, progressive hearing loss, acquired microcephaly,
ataxia and visual impairment, can be observed (Lehmann et
al., 2011; Andrews, Barrett, & Robbins, 1978; Stefanini &
Kraemer, 2008).

To date, there is no cure for XP and, if untreated and with-
out precaution or preventive strategies, will lead to premature
death as a result of skin cancer, neurologic degeneration, or
internal cancer (Kraemer & DiGiovanna, 2016).

2 | MATERIALS AND METHODS
The current study was approved by the ethical review board
of the Gomal University, D.I.Khan, Pakistan. Prior approval
was obtained from guardians of volunteer participants for
blood sampling, clinical and molecular characterization, and
publication of the data. Herein the present study, we enrolled
a consanguineous Pakistani family from a village nearby
Bhakkar city in Punjab province, Pakistan. A pedigree was
constructed and analyzed to elucidate the consanguineous re-
lationship among the parents and to determine the mode of
disease inheritance.

Clinical characterization was performed by document-
ing apparent features exhibited by the patients and labora-
tory tests including skin histopathology, complete blood
count, urine analysis, as well as liver and renal function tests.
Additionally, DNA was isolated from whole blood samples
for molecular analysis via phenol-chloroform extraction.

To elucidate the genetic cause of the disease, whole ge-
nome SNP genotyping was carried out through Illumina
Infinium® Global Screening Array-24v1.0, and the data were
analyzed using GenomeStudio 2.0 Software (Illumina) for
homozygosity mapping. The subsequent mutation screen-
ing and segregation analysis was performed through Sanger
DNA sequencing.

3 | RESULTS

3.1 | Clinical description

Clinical diagnosis of patients confirmed XP in all patients.
The patients were presented with dense black spotting (len-
tigines) on sun exposed parts of the body (face, neck, and
limbs), indicating extreme sensitivity to solar UV radiation.
Abnormal dermal pigmentation in the form of macules was
also observed on certain parts of the body. The patients
displayed an extreme degree of photophobia, however, no
ophthalmic lesions were detected and vision was normal
in all patients. Blood analysis of a female patient with pro-
gressive health deterioration indicated a high white blood
cell count and alkaline phosphatase levels. Histopathologic
analysis of the patient's skin biopsy, taken from nose, re-
vealed a necrotic tumor. Otherwise, blood biochemistry,
liver and renal function tests as well as urine analysis re-
ports were normal. A clinical summary of all XP patients is
given in Table 1.
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TABLE 1 Clinical features of patients suffering from Xeroderma Pigmentosum

Pedigree ID

Gross diagnosis

Age at last visit (during 2018)

Gender
Age of disease onset
General physique

Skin cancer

1v-3

Xeroderma Pigmentosum

11 years

Female

2—-4 months

Slightly weak

Not reported till last visit

Iv-2 IV-5

Xeroderma Pigmentosum Xeroderma
Pigmentosum

13 years 7 years

Male Male

2—-4 months 2—-4 months

Slightly weak Slightly weak

Not reported till last visit
Yes

Not reported till last visit
Yes

Skin atrophy/lesions Yes
Histopathology Necrotic tumor
Muscle degeneration No
Neurological symptoms No
Wound healing Delayed
Eye sight Normal
Nystagmus No
Color blindness No
Strabismus Yes
Deafness No
Photophobia Yes
Night blindness No
Sweating Normal
Hairs and nails Normal

3.2 | Genetic findings

Genome-wide scan through SNP genotyping determined five
homozygous stretches of more than 20 Mb in size. A 10 Mb
large homozygous region on chromosome 3 (rs411041 to
rs2062572) harbored XPC, which is known to be associ-
ated with XP. Subsequent Sanger sequencing of XPC re-
vealed a novel insertion mutation NM_004628.4:¢.291dupT
(c.291_292insT) in its second exon. The identified single
base insertion presumably leads to a premature stop codon
(TGA) at position 98 (p.Asp98*) and thus predictably re-
sults in a truncated protein. Variant genotyping in the whole
family confirmed its segregation with the disease phenotype
(Figure 1).

4 | DISCUSSION

Xeroderma pigmentosum is a genetic disorder that is char-
acterized by severe sensitivity to UV radiation, however,
there are certain disorders that phenotypically resemble
XP, such as UV-sensitive syndrome (UVsS). UVsS is as-
sociated with dermal photosensitivity increased skin pig-
mentation, freckling, and dry skin on sun exposed areas.
However, the patients have no increased risk of developing

Not performed Not performed
No No

No No
Delayed Delayed
Normal Normal
No No

No No

Yes No

No No

Yes Yes

No No
Normal Normal
Normal Normal

skin cancer. Genetically, UVsS is caused by mutations in
UVSSA, ERCC6, and ERCCS. Proteins encoded by these
genes are involved in transcription-coupled nucleotide
excision repair (Ijaz et al., 2019). However, one affected
individual (IV-3) of the current study had developed skin
melanoma and photophobia in addition to the common
phenotypic features of XP and UVsS. Thus, based on the
clinical findings, our family was diagnosed with XP. The
clinical diagnosis was confirmed with the identification of
the novel mutation ¢.291dup, p.Asp98* in XPC. The XPC
(XPC complex subunit, DNA damage recognition and re-
pair factor, previously termed as XP, complementation
group C) gene is located on chromosome 3 (3p25.1.). The
largest transcript encodes the XPC protein comprising 940
amino acids, which is required for damage recognition in
nucleotide excision repair (Schifer et al., 2013). The full
length protein contains eight domains, however, the novel
nonsense mutation c.291dup, p.Asp98* presumably trun-
cates all the functional domains of XPC, including mul-
tiple Rad4 beta-hairpin domains, Transglutaminase-like
superfamily, Papain-like cysteine peptidase superfamily,
and DNA_repair_Rad4 domain. Hence, it is proposed that
this mutation may lead to a loss of protein function. As a
result, initiation of the NER pathway fails as DNA damage
recognition does not take place.
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NM_004628.4:¢.291dup (¢.291_292insT), p.Asp98*
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(a) Sequence chromatogram of affected patients (IV-2 and IV-3), unaffected sibling (IV-4) and carrier father (III-1). The site of

mutation is framed in red. (b) The family tree comprises four generations with two consanguineous loops and four affected individuals in the last

generation. The genotype status +/4 (homozygous insertion), +/— (carrier) or —/— (wild type) is represented beneath the symbol of each analyzed

individual. (c) Photographs of patients, at current age and 4 years ago, who are exhibiting the apparent features of the disease

According to HGMD®, most protein truncating mutations
(loss-of-function mutation) lead to XP phenotype, whereas,
missense variants are reported to be associated with can-
cer susceptibility. To date, at least 100 mutations have been
identified in this gene, The majority of reported mutations in
XPC are nonsense mutations or frameshift mutations, usu-
ally resulting in premature termination codons (HGMD®
Professional 2019.1, accessed on 2019-10-07, Stenson et al.,
2003). Both types either lead to an early termination of pro-
tein synthesis or to nonsense-mediated mRNA decay in which
the defective mRNA is prematurely degraded (Chavanne et
al., 2000; Gozukara et al., 2001; Khan et al., 1998, 20006;
Li et al., 1993; Ridley, Colley, Wynford-Thomas, & Jones,
2005).

5 | CONCLUSION

The present genetic study reports a novel frameshift mu-
tation NM_004628.4:c291dup leading to a premature

stop codon in XPC. The identification of this mutation
further contributes to the genotype-phenotype correlation
of XPC-associated XP. The study expands the knowl-
edge of the mutational spectrum of XPC and is valuable
for genetic counseling of affected individuals and their
families.
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