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Abstract
We describe an unusual xeroderma pigmentosum (XP) patient with a mutation in XP
complementation group G, representing only the third reported Japanese XP-G patient. A 40-year-
old male (XP3HM), born from consanguineous parents experienced sun sensitivity and
pigmentary changes of sun-exposed skin since childhood. He developed a squamous cell
carcinoma on his lower lip at the age of 40. He has neither neurological abnormalities nor
Cockayne syndrome. The primary fibroblasts of the patient were hypersensitive to killing by UV
(D0=0.6 J/m2) and the post-UV unscheduled DNA synthesis was 8 % of normal. Host cell
reactivation complementation analysis implicated XP complementation group G. We identified a
novel homozygous mutation (c.194T>C) in a conserved portion of the XPG(ERCC5) gene,
resulting in a predicted amino acid change; p.L65P. We confirmed that this genetic change
reduced DNA repair thus linking this mutation to increased skin cancer.
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LETTER TO THE EDITOR

BACKGROUND
Xeroderma pigmentosum (XP) is a rare autosomal recessive disease characterized by severe
photosensitivity, abnormal pigmentation and a more than 10,000- fold increase in the
frequency of cancers of sun exposed skin and eyes[1, 2, 3]. There are 7 genetically different
complementation groups, XP-A through XP-G, with defective nucleotide excision repair
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(NER) and XP variant with deficient translesion DNA synthesis. In Japan, 55% of XP
patients belong to XP-A, a severe form with marked neurological degeneration. In contrast,
in the US and Europe, 40% of XP cases are XP-C, in which patients only have cutaneous
and ocular symptoms [4, 5]. There have been only 14 XP-G cases reported, including two
Japanese XP-G cases [6, 7]. Most of the XP-G patients also have clinical features of
Cockayne syndrome (XP/CS complex) or XP neurologic symptoms as well as cutaneous XP
lesions [8, 9], while two Japanese patients only had cutaneous lesions [7, 10].

QUESTIONS ADDRESSED
Here we report clinical and laboratory features of a new Japanese XP-G patient with a novel
XPG mutation with no features of XP/CS complex or XP neurological disease.

EXPERIMENTAL DESIGN
Post-UV DNA repair and molecular studies using fibroblasts from the skin biopsy specimen
of this patient were performed as described [11]. Cultured fibroblasts XP3HM (this case),
XP2OS(XP-A), XP20BE (XP-G) and N-3 (3-year-old normal donor) [6, 11], were used.

RESULTS
CASE REPORT

A 40-year-old male (XP3HM), with consanguineous parents, had marked freckling and
telangiectasia on his face, upper chest and the dorsal aspects of both hands, and the recent
appearance of squamous cell carcinoma in his lower lip (Figure 1). There was sparing of the
buttocks and axilla. He had lifelong sun sensitivity but he never had a blistering sunburn.
Pigmentary changes appeared at the age of 10. His physical and intellectual development
were normal and neither neurological nor ocular abnormalities had developed. He had no
difficulty in hearing. His minimal erythema dose was reduced (20 mJ/cm2) (normal ; 50–
120mJ/cm2) [12].

CELL STUDIES
The sensitivity to killing by UV of XP3HM cells (D0=0.6 J/m2) [11] was much greater than
that of normal N-3 cells (D0=5 J/m2) but not as great as XP-A cells (Figure 2a). The level of
UV-induced unscheduled DNA synthesis (UDS) in XP3HM cells was only 8 % of normal
[11]. Host cell reactivation assay [11] indicates that XP3HM cells are in XP
complementation group G (Figure 2b). Genomic DNA sequencing [13] revealed a novel
homozygous T>C change in exon 2 of the XPG gene (c.194T>C, Genbank reference
sequence X69978.1), resulting in a predicted amino acid change (p.L65P) (Figure 2c). We
constructed an expression vector (pXPGT194C) to determine whether this homozygous
missense mutation is the cause of reduced DNA repair. After the transfection of pcDNA3-
XPGT194C into XP20BE cells (harboring different XPG mutations) [6], the DNA repair
capacity was not restored to the normal level, while the expression of the wild-type XPG
cDNA increased the DNA repair capacity of the XP20BE cells (Figure 2d).

CONCLUSIONS
XP-G was first reported in 1979 [14]. Of the 15 reported XP-G patients including the
present case, 7 had XP/CS complex, 2 had XP neurological symptoms and 6 had only
cutaneous XP symptoms [6, 15]. Skin cancers were reported in 3 of these 6, all of whom
were middle-aged Japanese patients, and in one Western XP/CS complex case, XPCS4RO
[6]. All 3 Japanese XP-G patients (XP3HM, XP52HM and XP31KO) had similar clinical
phenotypes of mild cutaneous features compared to those seen in XP-A or XP-C patients [7,
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10]. They had their first skin cancers (squamous cell carcinoma of the lip, melanoma on the
shoulder and basal cell carcinoma on the face), at the ages of 40, 54 and 32, respectively.
This is older than many XP patients [1] but younger than the average age of skin cancer
incidences in the Japanese general population [16, 17, 18. 19]. In addition, these 3 XP-G
patients had no neurological symptoms or any evidence of CS. In contrast, 7 of the 12 non-
Japanese patients had clinical features of XP/CS complex and two had severe or a late-onset
XP neurological phenotype [6].

The levels of post-UV UDS in the other Japanese XP-G patients (XP52HM and XP31KO)
were 50% and 25 % of normal, which was substantially higher than that observed in severe
cases of XP-G or in the present case (8%). The mild XP symptoms in these 3 Japanese XP-
G patients therefore may not be explained by the residual NER capacity, estimated by the
level of UDS. The diversity of the phenotypes of XP-G may be due to different ethnic
groups or to the different types and sites of mutations in the XPG gene.

The human XPG (ERCC5) gene, contains 15 exons [13, 20, 21]. The XPG protein functions
as a nuclease in the NER, making incisions 3' to the lesion releasing a 25~27 nucleotide
DNA fragment containing the photoproduct [3]. Mutations resulting in markedly truncated,
inactive XPG proteins are found in XP/CS complex patients, while individuals with XPG
without neurological disease have been found to have missense mutations that retain some
functional activity [6].

The homozygous c.T194C change in the XPG gene in the present case is predicted to result
in an amino acid change; p.L65P. This missense mutation is located in a PIN domain that is
highly conserved in eukaryotes (supplemental figure), and can interact with both the XPB
and XPD proteins [22]. We confirmed that this mutation was related to decreased NER in
the XP3HM cells using post-UV HCR analysis employing mutant XPG cDNA expression
vector (Figure 2d). This could explain the sun sensitivity and skin cancers in patient
XP3HM. It is possible that p.L65P mutation preserves another function of XPG protein such
as transcriptional activity [22, 23] thus preventing neurological degeneration. Genetic
analysis has not yet been performed in XP31KO and XP52HM cells to determine their
causative mutations. Additional studies will be needed to clarify the molecular basis of the
mild clinical features of XPG cutaneous disease in the Japanese XP-G cases.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Clinical features of the face of the present case; XP3HM
Forty year old patient had marked hyperpigmentation and hypopigmentation of face and sun
exposed portion of the shoulders with some sparing upper neck. He also had marked cheilitis
and atrophy of lips, however he could open his mouth fully. A squamous cell carcinoma was
removed from his lower lip.
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Figure 2. Laboratory analysis of XP3HM cells
(a) Post-UV survival of the cells: The D0 value (a UV dose that results in 37% cell survival)
of XP3HM cells (0.6 J/m2) was much lower than that of the normal N-3 cells (D0 value; 5.0
J/m2). However, these cells were less sensitive than XP2OS (XP-A) (D0 value; 0.3 J/m2). (b)
Host cell reactivation assay for the assignment of XP complementation group G in XP3HM
cells: The cells were co-transfected with a UV-damaged luciferase gene expression vector
along with expression vectors harboring cloned wild-type XP cDNA. Increased luciferase
activity was observed when the wild type XPG cDNA expression plasmid was transfected
into the cells from the patient, while luciferase activity was still very low after the
transfection of expression vectors harboring other XP cDNA (wt XPA, XPB, XPC, XPD,
XPF) or the empty vector (pcDNA3). The restored DNA repair capacity after transfecting
the wild type XPG cDNA into the XP3HM cells reached the level observed in normal cells
(x) after transfecting the empty vector (pcDNA3)., (c) Nucleotide sequence analysis of the
XPG gene in XP3HM cells: We identified a homozygous T to C change in exon 2 of the
XPG cDNA (c.194T>C) with predicted amino acid change (p.L65P). (d) Host cell
reactivation assay for analysis of the DNA repair function of the c.T194C mutation in exon
2 of the XPG gene. We constructed a pXPGT194C plasmid using a pXPG plasmid and
QuikChange Site-Directed Mutagenesis Kit (Stratagene, CA, USA). After the transfection of
pXPGT194C into the XP20BE cells, the luciferase activity (or the DNA repair capacity;
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DRC) was not significantly different from the control empty vector plasmid (pcDNA3),
while the wild type XPG cDNA increased the DRC of the patient’s cells.
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