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Erythropoietic protoporphyria
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TP: heptacarboxyl porphyrin, X-P: X-porphyrin peptide, ‘Pﬁgégrotoporphyrin, FP: free—PP, ZP: zinc—PP,
CP: coproporphyrin, UP: uroporphyrin, VP: SHERL 7 4 U ViE, HCP: BEEa 7y uKL 74 Y) ViE AP &
PERIREER N7 4 U V.
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Porphyrinurea in lead poisoning
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Letter to the Editor

A novel G168X mutation and a recurrent 730-731delCT mutation
of the porphobilinogen deaminase gene in Japanese patients with
acute intermittent porphyria

To the Editor;

Acute intermittent porphyria (AIP), an autosomal dominant dis-
ease, is caused by a deficiency of the third enzyme in heme-
biosynthesis, porphobilinogen deaminase (PBGD) [1]. Patients
with this disease present with a neurological syndrome which
may take the form of autonomic or peripheral axonal neuropathy
or central nervous system dysfunction. The symptoms are general-
ly manifested intermittently with rapid onset, and can be induced
by drugs, alcohol, starvation, infection, endocrine factors or exces-
sive stress [1]. However, most carriers of the defective gene are
clinically latent. Therefore, early detection of carriers of the defec-
tive gene is important to prevent the attack, since carriers can be
advised to avoid the precipitating factors. Determination of the
gene abnormality has been successfully made in many cases, and,
to date, more than 300 mutations in the PBGD gene have been char-
acterized (http://www.hgmd.cf.ac.uk). Recently, we established the
diagnosis of AIP for two Japanese patients from separate families, and
identified two pathogenic mutations in the PBGD gene.

We studied patient 1, 28 years old and patient 2, 22 years old
who were Japanese women with AIP. The diagnosis of the patients
was established on the basis of clinical symptoms of the disease,
and increased excretion of 6-aminolevulinic acid (ALA) (43.0 and
39.4 mg/day, respectively) and PBG (83.0 and 94.8 mg/day, respec-
tively) in urine. Except for the patients, no other individual from
their families has ever shown clinical symptoms corresponding to
AIP. Genomic DNAs were extracted from peripheral blood leuko-
cytes and all coding regions and splice sites of the PBGD gene
were amplified by polymerase chain reaction (PCR) as previously
described [2]. PCR products were directly sequenced using the BigDye
deoxy terminator V3.1 cycle sequencing kit (Applied Biosystems Inc.,
Foster City, CA, USA) according to the manufacturer’s instructions.

Direct sequencing of the amplified DNA fragments from patient 1
showed a c. G502T mutation in exon 10 of the gene resulting in a
G168X in the protein. For patient 2, sequencing of exon 12 revealed
a two base deletion of CT at nucleotide 730-731 (c. 730-731delCT),
which caused a frameshift resulting in premature termination at
residue 250. No other genetic abnormality was found in the gene of
both patients. The two mutations cause defective protein produc-
tion, and, thus, they are exactly pathogenic mutations for patients
1 and 2, respectively. A G168X mutation was not reported previous-
ly, but a c. 730-731delCT mutation has been reported independently
worldwide, such as in Sweden, Finland, Denmark, Holland, France,
England, Italy, Argentine, Israel and also Japan [3-6].

To investigate the possibility of the common remote ancestral ori-
gins for c. 730-731delCT mutations in Japan, we constructed haplotypes
using the following seven intragenic single nucleotide polymorphisms

1079-9796/$ - see front matter © 2013 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.bcmd.2013.02.008

(SNPs): rs589925 T>C (5/-UTR); rs1006195 G>T (intron 2); rs17075
G>A (intron 3); rs549893 T>C (intron 4); rs494048 T>C (intron 9);
rs1784304 A>C (intron 10); and rs640603 G>A (3’-NTR) and we ana-
lyzed two AIP patients who carry the c. 730-731delCT mutation, one
was our patient 2 and the other was the patient previously reported
[6]. Intragenic haplotypes of the mutated allele taken from them
were segregated with two different SNP haplotypes, defined as
T-G-G-C-T-A-A and C-T-A-T-C-C-A, respectively.

The majority of mutations in the PBGD gene are specific for in-
dividuals or a few families. But several recurrent mutations have
been reported to date. These recurrent mutations are categorized
as either of ancestral founder origins or derivatives from muta-
tional hot-spot regions [7]. The c. 730-731delCT mutation reflects a
microdeletion that occurred within the following PBGD cDNA sequence
of GAGACTCTGCTTCGC. This mutation site is imbedded in a 5 bp
nucleotide motif, YYYTG, which recently has been recognized to be
non-coincidentally associated with microdeletions [8]. Such a muta-
tional hot-spot could explain why the mutation c. 730-731delCT arose
independently in several AIP cohorts from different countries. Further-
more, haplotype analysis indicates that c. 730-731delCT mutations of
Japanese families seem to be derived from de novo mutations.
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Background

Xeroderma pigmentosum (XP) is a photosensitive genodermatosis with
increased susceptibility to skin cancers. Patients are typically diagnosed with
XP when they consult a dermatologist for skin cancers.

Case/Methods

The genetic analysis and 2-8 years of follow-up for three school-age patients
with XP-V is described. The patients were referred to us because of increased
pigmented freckles; they had not experienced abnormal sunburn or developed
skin cancer at their first visit. All patients harbored a genetic mutation in the
POLH gene. XPVIKO was diagnosed at age 13 with a homozygous del1661A
that creates a stop codon in the non-catalytic domain of POLH. The patient
practiced sun protection, effectively preventing the development of skin
cancer by age 21. XPV19KO was diagnosed at age 11 with a compound
heterozygous mutation of G490T and C1066T, causing POLH truncation in
the catalytic domain. This patient developed basal cell carcinoma at ages 12
and 13. XPV18KO was referred to us at age 11 and diagnosed with compound
heterozygous variants of ¢.1246_1311del66 (exon 9 skipping), a novel muta-
tion, and c.661_764 del104 (exon 6 skipping).

Conclusion

Freckle-like pigmentation on sun-exposed skin is sometimes the only sign of
XP-V, and early diagnosis is extremely important for children.

Photodermatol Photoimmunol Photomed 2013; 29: 132-139
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Xeroderma pigmentosum (XP) is an autosomal recessive
disorder associated with increased susceptibility to freckle-
like pigmentation and skin cancers on sun-exposed
regions of skin. XP is classified into seven nucleotide exci-
sion repair-deficient types (A through G) and an XP
variant type (XP-V, MIM: 278750) (1, 2). XP occurs at a
higher frequency in Japan (1 in 22 000) (3) than in Europe
(2). Approximately 25% of Japanese XP patients are diag-
nosed with XP-V (4), which is characterized by late onset
of skin cancers.

We previously reported the usefulness of combined
immunoprecipitation (IP) and sequencing of the POLH
gene for genetic diagnosis (5). Most patients with XP-V do
not experience acute exaggerate sunburn upon minimal
sun exposure (5). They typically continue to expose their
skin to the sun and are unaware of potential consequences
until they consult a dermatologist because of the develop-
ment of skin cancer. In the present study, we report three
school-age cases of XP-V and the 2-9 year follow-up. All
three patients were referred to us because of an increase in
pigmented freckles; they had not developed skin cancers at
the time of their first visit. Early diagnosis of XP is
extremely important for children with an increased
number of pigmented freckles who perform outdoor
activities.

Patient 1 (XPV18KO)

An 11-year-old Japanese boy was referred to Kobe Univer-
sity Hospital because his parents were worried about an
increase in the number of pigmented freckles (Fig. 1a). His
parents first noticed this increase at the age of 4 and con-
sulted a family doctor. They were told that the freckling
was within the range of normal variation. In elementary
school, the patient became a member of the soccer club
and often played soccer outdoors. The number of pig-
mented freckles increased gradually, and when the boy was
10 years of age, his mother consulted a dermatologist. The
patient did not have photophobia but was suspected of
having XP-V and was advised to avoid exposure to sun-
light. He presented with pigmented freckles on his face,
anterior neck, nuchal region and upper back. However,
skin cancers were not detected. Mental retardation and
neurodevelopmental disabilities were not present. His
parents were not consanguineous, and both were free of
symptoms. Over the course of 5 years, his pigmented freck-
les became prominent (Fig. 1b, c).

Patient 2 (XPV19KO)

An 11-year-old girl was referred to Chiba University Hos-
pital because of numerous pigmented freckles on her face,

Photodermatol Photoimmunol Photomed 2013; 29: 132-139
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which began to increase in number at 2 years of age. She
had no photophobia, and her skin was never protected
from sunlight. She was referred to us with the diagnosis of
possible XP. Physical examination revealed suntanned skin
with light-brown to dark-brown pigmented freckles of
miliary size on the face, dorsa of hands, forearms, nuchal
region, upper back, thighs and lower legs (Fig. 1d, e, f).
Freckles were not observed on the submental triangle
(Fig. le) or on the sun-shielded skin of the buttocks and
axillae. Loss of hearing or neurological abnormalities was
not observed. Her birth and development were normal.
After she entered elementary school, she became a member
of the swimming club. Her parents were not consanguin-
eous, and her elder sibling did not display similar clinical
features. Her parents were both asymptomatic. Skin
cancers were not detected at her first visit to the hospital.
However, 1 year and 2 years (Fig. 1g) after the diagnosis,
the patient developed basal cell carcinomas (BCCs), which
were excised.

Patient 3 (XPV9KO)

In our previous XP-V study, patient XPVIKO presented
without any detailed clinical features (5). We briefly sum-
marize her clinical features here, including a 9-year
follow-up period. This 13-year-old girl was referred to us
because of an increased number of freckles. Her mother
noticed the increase in pigmented freckles when she was
46 years old. She had been spending the summer seasons
without UV protection because she had never experienced
sunburn or photophobia. She did not develop skin cancer.
At her first visit, she presented with light-brown to dark-
brown pigmented freckles of miliary size to pea size on the
face, ear, anterior neck, forearms and the dorsa of the
hands (Fig. 1h, i). Freckles were not observed on the sub-
mental triangle or dorsa of the feet. Her growth was
normal for her age, and no neurological abnormalities
were detected. Although she was not protected from the
sun during the first year after diagnosis, at age 14, she
became conscious of her disease and began to practice
strict sun protection. The number of pigmented freckles
increased only slightly and she had not developed any skin
cancers by age 21 (Fig. 1j, k).

|
FVE

Measurement of minimum erythema dose
(MED)

The skin of the patients’ backs was irradiated with graded
doses of UVB using Toshiba FL20S-E-30 (Toshiba Electric
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