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INTRODUCTION

Xeroderma pigmentosum
recessive genetic disorder of DNA repair characterized
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ABSTRACT

Background: Xeroderma pigmentosum (XP) is an autosomal recessive genetic disorder
characterized by cutaneous and ocular photosensitivity and an increased risk of developing
cutaneous neoplasms. Progressive neurological abnormalities develop in a quarter of XP
patients. Aim: To study the clinical profile and perform a mutation analysis in Indian patients
with xeroderma pigmentosum. Methods: Ten families with 13 patients with XP were referred
to our clinic over 2 years. The genes XPA, XPB and XPC were sequentially analyzed till
a pathogenic mutation was identified. Results: Homozygous mutations in the XPA gene
were seen in patients with moderate to severe mental retardation (6/10 families) but not in
those without neurological features. Two unrelated families with a common family name and
belonging to the same community from Maharashtra were found to have an identical mutation
in the XPA gene, namely ¢.335_338delTTATinsCATAAGAAA (p.F112SfsX2). Testing of
the XPC gene in two families with four affected children led to the identification of the novel
mutations ¢.1243C>T or p.R415X and ¢.1677C>A or p.Y559X. In two families, mutations
could not be identified in XPA, XPB and XPC genes. Limitation: The sample size is small.
Conclusion: Indian patients who have neurological abnormalities associated with XP should
be screened for mutations in the XPA gene.
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by cutaneous and ocular photosensitivity and an
increased risk of developing cutaneous neoplasms
such as basal cell carcinoma, squamous cell carcinoma
and melanoma. Progressive neurological abnormalities
including deafness, spasticity and cognitive

(XP) is an autosomal
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impairment may develop in about 25% of XP patients.
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genes: XPA, ERCC3(XPB), XPC, ERCC2, DDB2, ERCC4,
DOl: ERCC5, ERCC1 and POLH1."! Mutations arise most
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commonly in XPA (25%), XPC (25%), POLH1 (21%) or
XPD (15%) genes.! In addition to the XP phenotype,
mutations in genes causing XP are also associated with
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phenotypes such as trichothiodystrophy (TTD) (with
or without XP), Cockayne syndrome (with or without
XP) and cerebro-oculo-facial syndrome (COFS).!? The
frequency of XP in the United States and Europe is
1 in a million® while in Japan it has been reported
as 1 in 22000." The incidence in India is not known.
A literature search identified several case reports from
India but mutation analysis had not been performed
in any of the cases.’% Till date, 37 unrelated families
with patients having XP have been reported from India.
Many families have been reported from South India
especially Karnataka, where significant consanguinity
is observed."% In the present study, mutation analysis
was performed for the XPA gene in eight families, the
XPB gene in three of the eight families and the XPC
gene in four families.

Clinical Report

Thirteen patients from 10 unrelated families with XP
were referred to the ICMR Genetic Research Center,
Mumbai for molecular diagnosis and counseling during
the period 2011-2014. Consanguinity was observed in
6 of the 10 families. Five families each belonged to
Maharashtra and Uttar Pradesh. All XP patients showed
typical clinical features of cutaneous photosensitivity
such xerosis, poikiloderma and numerous freckle
like hyperpigmented macules on sun-exposed skin.
Cutaneous symptoms were noted by 6 months to
1 year of age. None of the patients had cutaneous
neoplasms. Neurological features included mental
retardation (6/13), ataxia (6/13), spasticity (3/13),
microcephaly (6/13), and deafness (3/13). Computed
tomography scan of the brain performed for one
patient revealed cerebral atrophy with dilated lateral
ventricles. Basal-evoked response audiometry done in
two cases revealed sensorineural deafness. Photophobia
was present in all patients while 6 patients each had
keratitis and lid atrophy. All children had normal hair.
Blistering and bleeding followed by pigmentation
was observed in one 32 year old woman. Multiple
hypopigmented macules along with lesions that
worsened on sun exposure were also observed in
this case. Figure 1 shows clinical, radiological, and
pathological features of the patients. Clinical findings
are summarized in Table 1.

The patients were counseled to avoid sun exposure
as far as possible and to use sunscreens especially
during travel. Neurological problems were managed
with physiotherapy. All families received genetic
counseling and were explained the possibility of
prenatal diagnosis in their future pregnancies.

Xeroderma pigmentosum in Indian patients
METHODS

Informed consent for clinical photography and genetic
testing was obtained from parents of affected children.
The study was approved by the institutional ethics
committee. Primer sequences were generated using
Primer3 software version 0.4.0 available at http:/frodo.
wi.mit.edu/."y Mutation analysis by bidirectional Sanger
sequencing of all exons and exon-intron boundaries was
performed for the XPA gene in all index cases of nine
families, of which three families were also tested for
mutations in the XPB gene. The XPC gene was analyzed
in the three index cases of the ninth family and for the
index cases of the sixth, seventh and eighth families.

DNA amplification was performed for each fragment
in a 10 pl final volume containing 100 ng genomic
DNA, 1 mM dNTPs, 10 pmol of each primer, 1U
Taq KAPA Hotstart polymerase and 1 pul 10X PCR
buffer (KAPA Biosystems, MA, USA). Thirty-five
cycles of amplification were used, each consisting of
1 min denaturation at 95°C, 45 s annealing at 60-65°C
suitable for each primer set, 45 s extension at 72°C
and final extension time of 10 min in a thermal cycler.
The products were run on a 2% agarose gel along with
the appropriate negative controls and a 100 bp ladder.
Products that passed this quality check were purified
using Exo-SAP-IT™ (USB Corporation, OH, USA) and
then sequenced using BigDye Terminator v3.1 and
capillary electrophoresis was performed using an
automated sequencer ABI-3730XL (Applied Biosystems,
CA, USA). A comparison with wild-type sequences was
done using online BLAST software (blast.ncbi.nlm.nih.
gov/Blast.cgi). The mutations were named according
to GenBank accession Nos. NM_000380.3 and
NM_001145769.1 for the XPA and XPC complementary
DNA sequences and NP_000371.1and NP_001139241.1
for the XPA and XPC protein sequences, respectively.
Nomenclature and pathogenicity of the mutation were
confirmed using Mutation T@ster software available
at http://www.mutationtaster.org.'” Nonsynonymous
missense mutations were tested for their pathogenicity
using SIFT (sift.jcvi.org)"® and Polyphen2 (genetics.
bwh.harvard.edu/pph 2/).0

Haplotype analysis was performed for the mutation c.
335_338del TTATinsCATAAGAAA (p.F112SfsX2) by
sequencing polymorphic regions of the XPA gene. CA
repeat regions close to the XPA gene on chromosome
number 9 were analyzed on an automated sequencer.
The chromosomal loci of the SNPs and CA repeats are
given in Tables 2 and 3.
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Table 2: Summary of haplotype analysis of polymorphic regions of the XPA gene (chromosome coordinates
of XPA are 100437191.100459691)

SNP ID. Position Possible Case Case Case Case Control Control Control Control
alleles ID1* ID2* 1ID3 ID 4 1 2 3 4
rs113274391 100438069 [A/G] G G G G G G G G
rs71487338 100439367  [-/CGTAAGA - - - CGTAAGA - CGTAAGA - CGTAAGA
CATCTGGCCA] CATCTGGCCA CATCTGGCCA CATCTGGCCA
rs111835015 100439947 [C/G] C C Cc C C C C C
rs113342779 100442480 [A/G] A A A A A A A A
rs76541045 100446114 [GIT] T T T T T T T T
rs111703424 100446133 [-/CTTAT] - - CTTAT CTTAT - - - -
rs75051352 100446172 [A/C] A A A A A A A A
rs111573247 100451661 [CIT] T T T T T T T T
rs71487339 100454533 [-/CCA] CCA CCA CCA CCA CCA CCA CCA CCA
rs111527815 100455424 [A/G] G G G G G G G G
rs75071377 100456722 [A/T] T T T T T T T T

*Case ID 1 and Case ID 2 share the same family name, the common mutation p.F112SfsX2 in the XPA gene, and a common haplotype based on polymorphic
regions within the XPA gene. SNP: Single nucleotide polymorphism, ID: Identification code

_ 5 N _
Figure 1: (a-c) Patients with xeroderma pigmentosum, Case ID 1, Case ID 3 (twins) and Case ID 4, respectively. (d) MRI brain of Case ID
4 showing cerebral and cerebellar atrophy. (e) Skin biopsy: epidermis showing acanthosis with hyperpigmentation in the basal layer
and presence of melanin incontinence (H and E stain) x400

Y

RESULTS

Four distinct mutations (three in exon 3 and one in
exon 4) were found in the XPA gene in our patients.
The novel mutation c. 378T > G or p.C126W in exon
3 was predicted to be pathogenic using bioinformatics
analysis [SIFT score 0, PPH 2 1 (sensitivity O,

specificity 1) score, MT score 215]. Another novel
homozygous mutation c. 1243C > T (p.R415X) was
found in the XPC gene of one family. This patient also
showed homozygosity for benign polymorphisms c.
1475G > A (p.R492H) and c. 1496C > T (p.A499V) in
the XPC gene. A third novel mutation c. 1677C > G (p.
Y559X) was found in the XPC gene in another family.
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Mutations in the XPA gene were found in patients
with severe neurological abnormalities. Parents were
confirmed as carriers for the same mutations. The
mutation c¢. 335 _338delTTATinsCATAAGAAA (p.
F112SfsX2) was found in two unrelated families
from Maharashtra (with the same family name
Chauhan/Chavan) and founder effect was confirmed
by haplotyping analysis as shown in Tables 2 and 3.
Chromatograms of mutant and wild-type sequences are
shown in Figure 2. The mutation c. 428 429delAG (p.
E143GfsX11) in exon 4 of XPA gene was also found in
two unrelated families from Uttar Pradesh. Haplotype
analysis could not be performed for this mutation.

Prenatal  diagnosis was offered to family
2 (case ID 2) and targeted mutation analysis was

1
[ATAACJAAAACAIGGCAAAACA:
& T K T G K T

[GGGAAAGAATCATAAGAAAGG
G K E S X E R

Matation sequence
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Flgure 2: (a-d) Shows the sequence chromatograms of mutant
and wild-type sequences of XPA gene

Xeroderma pigmentosum in Indian patients

done on fetal DNA obtained after chorion villus
biopsy. Maternal contamination was ruled out using
short tandem repeat analysis using the commercial
kit, Identifiler (Applied Biosystems). The fetus was
identified to be a unaffected carrier for mutation. The
diagnosis was confirmed to be accurate postnatally.

DISCUSSION

Differential diagnoses
XPwasdiagnosedinourcasesbased onthecharacteristic
clinical findings. Trichothiodystrophy (TTD) was
ruled out by the absence of ichthyosis, brittle hair and
facial features of protruding ears and micrognathia. In
trichothiodystrophy, hair microscopy under polarized
light shows a characteristic dark and light transverse
banding pattern known as “tiger tail banding.”i®
Xeroderma pigmentosum/Cockayne syndrome (XP/CS)
may be differentiated from XP by its typical physical
appearance of “cachectic dwarfism” with thinning
of the skin and hair, sunken eyes, and a stooped
standing posture. Cataracts, pigmentary retinopathy
and ataxia may be present in these patients.'
Cerebrooculofacial syndrome (COFS) also needs to be
distinguished from XP; this condition presents with
failure of growth, microcephaly with intracranial
calcifications, microcornea, cataracts, optic atrophy
and congenital joint contractures, while some of the
characteristic features of XP (xerosis, poikiloderma,
atrophy and telangiectasia) are absent.!”

Patients with XPA mutations usually have mild to
severe neurological abnormalities. Mutations in
the ERCC3 gene (XPB group) may account for the
XP/CS phenotype, TTD and XP with mild neurologic
abnormalities. Patients with mutations in the XPC gene
usually do not have neurological abnormalities. Patients
with mutations in ERCC2 (XPD group) may have either
XP (with or without neurological involvement), XP/CS,
XP/TTD, TTD or COFS phenotypes. Mutations in the
DDB2 gene (XPE group) lead to XP with no neurological

Table 3: Summary of CA repeats analysis of the XPA gene

SNP ID. Chromosome Possible alleles Case Case Case Case Control Control Control Control
base position ID 1 ID 2 ID 3 ID 4 1 2 3 4
rs3222744 9:98558658 (CA) 19/20/22/24/25/26/29 18 19 13 12 13 12 11 13
rs3222260 9:99040118 (CA) 13/15/16/17/18/19/20/21/22 15 14 20 13 18 17 15 15
rs3223479* 9:99570932 (CA) 20/21/22/23/24/25/28 20 20 22 21 16 23 20 20
rs3220969 9:101751347  (CA) 17/18/19/20/21/22/23/24/25 20 19 18 21 20 21 23 19
rs3220566 9:102058407  (CA) 21/22/23/24/25/26/27/29/30 23 22 23 17 21 16 21 18
rs3222251 9:102232612 (CA) 20/21/22/23/24/26 16 13 12 12 13 16 13 12

*The marker rs3223479 is closest to the XPA gene (chromosome coordinates 100437191.100459691). ID: Identification code, CA: Dinucleotide repeat CA

20

Indian Journal of Dermatology, Venereology, and Leprology | January-February 2015 | Vol 81 | Issue 1



Tamhankar, et al.

abnormality. Mutations in ERCC4 (XP F group) causes
XPwith noneurologicabnormalities or severe late-onset
neurologic abnormalities. Mutations in the ERCC5
gene (XP G group) are seen in XP with no neurologic
abnormalities or severe neurologic abnormalities or
may lead to XP/CS phenotype. Mutations in ERCC1
may be found in patients with COFS. The XP variant
phenotype does not have neurological involvement
and is caused by mutations in the POLH gene."”!

Genetics

The Human Gene Mutation Database (www.hgmd.
cf.ac.uk)™ lists 32 unique XPA and 55 unique XPC
mutations whereas the XP mutation database (http://
xpmutations.org)¥ lists 128 mutant alleles of
the XPA and 54 mutant alleles of the XPC gene.
Most mutations reported are point mutations or
splice site mutations;™ however, these were not
identified in our study. Three of the four mutations
were frameshift. These mutations (namely c.
335 338delTTATinsCATAAGAAA (p.F112SfsX2) and
c. 349 353delCTTAT (p.L117EfsX4) in exon 3 and c.
428 429delAG (p.E143GfsX11) in exon 4) resulted in
a premature stop codon, thereby resulting in mRNA
instability due to nonsense-mediated decay. This may
explain the severe phenotype in our patients. The
fourth mutation, namely c. 378T > G (p.C126W) in
exon 3 was a missense mutation.

The mutation delCTTAT has been identified earlier
in a compound heterozygosity with c. 288delT in
the XPA gene in an XP-affected uncle-nephew pair.
Both of them showed XP with severe neurological
deterioration.” The mutation was also found in a
homozygous state in a Caucasian patient having XP
with severe neurological deterioration.?!

All patients with confirmed XPA gene mutations
showed signs of severe neurological abnormalities
whereas in two patients with no neurological
manifestations, homozygous mutations C.
1243C > T (p.R415X) and c. 1677C > G (p.Y559X),
were identified in the XPC gene. Both mutations
were premature chain termination mutations. The
p-R415X mutation was considered as causative
in the ninth family as the peptide chain would be
prematurely terminated before the other mutation
sites. This mutation was previously observed
in a 10-year-old male of French origin without
neurological involvement.??!

Xeroderma pigmentosum in Indian patients

Founder mutations in XP

The rare mutation C.
335_338delTTATinsCATAAGAAA (p.F112SfsX2) found
in two unrelated families with the same family name
Chauhan (Chavan), points toward a founder effect as
confirmed by haplotyping analysis. Chauhan (Chavan)
is a Marathi surname of Rajput origin./?®! The Marathi
speaking Chauhan (Chavan) clan belongs to the 96
clan Marathas who were the fighters/rulers in medieval
era.?¥ They are descendants of the great Prithviraj
Chauhan of Ajmer, Rajasthan.”® Further patients
belonging to this group need to be studied to confirm
these observations and to know the carrier rate.

There are several published observations of population
specific founder mutations for XP. The founder
mutation IVS3-1G > C in the XPA gene accounts for
approximately 90% of alleles in Japan. The carrier
rate for this mutation in Japan is as high as 1 in 100.®
Soufir et al. (2010) identified the c. 1643 1644delTG
mutation in the XPC gene as the major mutation in
XP patients from North Africa (Morocco, Tunisia and
Algeria) (74% of overall XP and 87% in XPC type).l*®
Masaki et al. (2008) identified four founder mutations
accounting for 87% of XP variant type in Japan.?”

CONCLUSIONS

Indian patients of xeroderma pigmentosum presenting
with neurological symptoms should be screened for
mutations in the XPA gene. Rapid molecular diagnosis
would aid definitive diagnosis, genetic counseling and
prenatal diagnosis.
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