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Dyschromatosis symmetrica hereditaria by adar1
mutations and viral encephalitis: a hidden link?
Dyschromatosis symmetrica hereditaria (DSH: MIM no.
127400) is an autosomal dominant skin disease caused by
a heterozygous mutation of adenosine deaminase acting
on RNA 1 gene (ADAR1, NM oorr11.3), previously
termed double-stranded RNA-specific adenosine deami-
nase gene (DSRAD).” DSH is characterized by a mixture
of hyper- and hypopigmented macules on the dorsal
aspects of the extremities. The skin manifestation usually
develops during infancy without any known trigger.

Here we report a 4-year-old Hispanic girl who pre-
sented with classic DSH following an episode of viral
encephalitis. She was healthy and had no skin manifesta-
tion until x1r months of age, when she had seizures and
developmental delay following symptoms of viral infec-
tion, including exanthema over the whole body for
several days. She was subsequently diagnosed as having
postviral encephalitis. One month  after the encephalitis
episode, she started to develop the skin manifestations of
DSH. At the age of 4, she developed hyper- and hypopig
mented macules on the extremities and freckle-li
macules on the face (Fig. 1). Mutation search using

a

macules on the back of the hands (b) and legs (c) were observed

© 2011 The International Society of Dermatology
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sense mutation considered to
altered amino-acid residue Me i
nase domain of ADARI .4 among diverse

hicken, rat, mouse,

on (IFN)-inducible full-length
(the p150 isoform), and the other is a con-

in the pr5o isoform.* High IFN condition normally
induces upregulated expression of ADAR1-p150 isoform in-
individuals without ADAR1 mutations. This IFN-inducible

Figure 1 Clinical phenotype of the péti‘ent. Freckle-like macules on the face (a), and a mixture of hyper- and hypopigmented
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isoform is involved in anti-apoptotic pathways® and
appears to regulate cellular RNA interference (RNAI) effi-
cacy.® Thus, under high IFN condition, reduced or absent
ADAR1-p150 isoform function might fail to regulate those
passways and be involved in the development of DSH. Fur-
ther accumulation of data on correlation between DSH and
viral infection/high IFN condition will be needed to con-
firm this hypothesis.
There seems to be no apparent genotype/phenoty
correlation in patients with DSH. Carriers with iden
mutations can show different clinical features and
ity, indicating the contribution of environme

viral infection and encephalitis cause
latent shortage of ADARz1 enzy
become apparent, triggering the
DSH phenotype.

Notably, the IFN-inducible

eplication of pa-
Thus, a loss-of-

ion by measles and
on of cases and experi-

link between DSH"
infection.
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Figure 2 Sequence analysis of ADARz1 genomic DNA from the patient. The chromatograph reveals c.3102G>A (p.Met1o34lle)
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LETTER TO THE EDITOR

Journal of Dermatology 2011; 38: 1-3

Four novel ADAR1 gene mutations in patients with
dyschromatosis symmetrica hereditaria

Dear Editor,

Dyschromatosis symmetrica hereditaria (DSH; Mendelian Inheri-
tance in Man no. 127400 is a highly penetrant autosomal dominant
skin disease and is characterized by a mixture of hyper- and hypo-
pigmented macules on the dorsal aspects of the hand and foot. This
disorder commonly develops during infancy or early childhood.”

Previous work has shown that a heterozygous mutation
of the adenosine deaminase acting on RNA1 gene (ADART
or DSRAD) caused DSH in four Japanese DSH families.?
Subsequently, 115 mutations in the ADART gene (GenBank
accession no. NM_001111.3, http://www.ncbi.nim.nih.gov/
genbank/) have been reported in Japanese, Taiwanese and
Chinese patients with DSH. The ADAR1 protein catalyzes
the deamination of adenosine to inosine in double-stranded
RNA.® This creates alternative splice sites or alterations of
the codon that lead to functional changes in the target sub-
strate(s). However, the target gene(s) for ADAR1 in the skin
as well as the mechanisms by which mutations in ADAR7
cause DSH remain unknown. In this study, we performed
mutational analysis of the ADART gene in three Japanese
and a Chinese Canadian with DSH.

The analysis was performed as follows. Genomic DNA was
extracted from peripheral blood with a QlAamp DNA blood maxi kit
(QIAGEN, Valencia, CA, USA) and was used as a template for muta-
tional screening with a polymerase chain reaction (PCR)-based sin-
gle-strand conformation polymorphism (SSCP)/heteroduplex (HD)
analysis.* Standard PCR amplification procedures were employed
with high fidelity polymerase, Platinum Tag DNA Polymerase
(Invitrogen, Carlsbad, CA, USA) and an annealing temperature of
62°C for all primers.® SSCP gel with glycerol concentrations of
7.5% was used. PCR products showing aberrant patterns on SSCP
were re-amplified and sequenced directly to identify a mutation. In
patients without any mutation detected by the SSCP/HD method,
all of their PCR products were directly sequenced to identify
mutations. Informed consent and blood samples of patients were

obtained under protocols approved by the Ethics Committee of
Nagoya University School of Medicine. Three Japanese patients in
this study were not related to each other.

We identified four novel heterozygous ADART mutations includ-
ing one splice mutation (IVS9-1G>T) and three frame-shift muta-
tions (p.Lys1167fsX1178, p.Asn398fsX401 and p.Asp1147fsX1152)
(Table 1).

The three frame-shift mutations code a different amino acid
sequence and eventually make a new stop codon. In a previous
report,® the ADART mutations p.GIn513X and p.Cys519fs, which
lead to premature termination codon (PTC) and to nonsense-medi-
ated mRNA decay (NMD), were reported to result in ADART haploin-
sufficiency. Generally, PTC could initiate NMD as long as the stop
codons are located more than 50-55 nucleotides upstream of the
3’-most splice site.” We speculate that p-Asn398fsX401 on exon 2
of 15 exons in the present patient would also lead to haploinsuffi-
ciency of ADART enzyme activity. The other two frame-shift
mutations made PTC in exon 15. Thus, these mutations would not
result in NMD, but made aberrant proteins.

On the other hand, the site of the novel splice mutation
(IVS9-1G>T) was the conserved sequence on splice accepter site
on intron 9 (Fig. 1a). On the ADART gene of a DSH patient some
splice mutations have been reported.® So far, only one investigation
on aberrant splicing of the ADART gene by the splice mutation has
been reported.® We investigated abermrant splicing of the mutation
IV89-1G>T. Total RNA was extracted from whole blood of patient 4
and a healthy control.

Reverse transcription PCR was done for amplification of the
172-bp fragment at the boundary between exon 9 and 10 on mRNA
from whole blood of the patient. Extra and normal bands, 172 bp
(normal product) and 160 bp (aberrantly splicing product), were
confirmed in mRNA from the patient (Fig. 1b). These were separated
by agarose gel extraction and subcloned each with a TOPO TA
Cloning kit for Sequencing (Invitrogen). DNA sequencing of subcl-
oned PCR products showed the truncation of the 12-bp nucleotides

Table 1. Four mutations of the ADART gene in the patient with dyschromatosis symmetrica hereditaria

. Patient Mutation
Patient
no. Race Onset Complication Nucleotide change® Amino acid change Position
1 Japanese 3 years old Healthy €.3499del A p.Lys1167fsX1178 Exon 15
2 Japanese 2 years old Healthy c.1192-3 del AA p.Asn398fsX401 Exon 2
3 Chinese At birth Healthy ¢.3440insG p.Asp1147fsX1152 Exon 14

Canadian

4 Japanese 6 years old Febrile seizure c.lV89-1 G>T p.Arg921_Tyr924del V89

at 2 year-old

GenBank accession no. NM_001111.3. Position 1 is A of the translation initiation codon.
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Figure 1. Molecular analysis of splicing mutation on ADART of patient 4. (a) Sequence analysis of boundary between exons 9 and 10 on ADAR1
genomic DNA from patient 4 reveals G to T transversion, IVS9-1G>T. (b) Agarose gel electrophoresis of reverse transcription polymerase chain
reaction (RT-PCR) products of boundary between exons 9 and 10 on ADART gene. The RT-PCR product from the patient 4 shows 172-bp
(normally spliced fragment) and 160-bp (aberrantly spliced fragment) bands, although a control specimen exhibits only a 172-bp band.
(c) Sequence analysis of boundary between exons 9 and 10 on ADART cDNA. In the mutant cDNA, the aberrant splicing results in 12-bp deletion.

on the 5’-side of exon 10 (Fig. 1c). Subsequently, the deletion of four
amino acids (p.Arg921-Tyr924del) was in the deaminase domain
and should produce the aberrant protein of ADART.

All patients phenotypically presented typical macules on the
dorsal aspects of the hands and feet, lower arms and lower legs. No
patients had complications but patient 4 had a febrile seizure at
2 years old. The mutations reported in the published work including
the present report are scattered through the entire gene and there is
no hotspot for the ADART gene mutations. However, in more than
100 mutations on ADART, all missense mutations except for
p.Arg26lys were in the adenosine-deaminase domain. Thus, this
domain is thought to be essential for the biochemical function of
ADART1. There is no apparent genotype/phenotype correlation in
ADART mutations. Even in one family, the identical mutation was
reported to lead to different phenotypes.® The reason why a low
activity of ADAR1 induces the peculiar skin lesions localized on the
extremities is still unknown. We speculate that, when melanoblasts
migrate from the neural crest to the skin during development,
insufficient ADAR1 enzyme activity might affect differentiation of
melanoblasts to melanocytes and the melanoblasts located distant
from the neural crest might be most seriously affected during
migration.®

2

In conclusion, we reported four novel mutations in the ADAR1
genes of DSH patients. The accumulation of the patients with genetic
information may provide new insight into the pathogenesis of DSH.

ACKNOWLEDGMENTS

We are grateful to the patients, their families and volunteers for
providing blood samples. This work was supported by grants
21591460 (M. K) and 21591459 (Y. T.) from the Ministry of
Education, Science and Culture of Japan.

Michihiro KONO," Masashi AKIYAMA,'

Taisuke KONDO,' Tamio SUZUKI,>

Mutsumi SUGANUMA,' Mari WATAYA-KANEDA,*
Joseph LAM,* Akihiko SHIBAKI,® Yasushi TOMITA'
! Department of Dermatology, Nagoya University Graduate School of
Medicine, Nagoya, *Department of Dermatology, Yamagata University School
of Medicine, Yamagata, *Department of Dermatolagy, Osaka University
Graduate School of Medicine, Suita, *Department of Dermatology, Hokkaido
University Graduate School of Medicine, Sapporo, Japan; and * Department of
Pediatrics and Department of Dermatology, University of British Columbia,
Vancouver, British Columbia, Canada

© 2011 Japanese Dermatological Association



REFERENCES

-y

Kono M, Miyamura Y, Matsunaga J, Tomita Y. Exclusion of linkage
between dyschromatosis symmetrica hereditaria and chromosome 9.
J Dermatol Sci 2000; 22: 88-95.

Miyamura Y, Suzuki T, Kono M et al. Mutations of the RNA-specific adeno-
sine deaminase gene (DSRAD) are involved in dyschromatosis symmetrica
hereditaria. Am J Hum Genet 2003; 73: 693-699.

Bass BL, Weintraub H. An unwinding activity that covalently modifies its
double-stranded RNA substrate. Cel/ 1988; 55: 1089-1098.

Spritz RA, Holmes SA, Ramesar R, Greenberg J, Curtis D, Beighton P.
Mutations of the KIT (mast/stem cell growth factor receptor) proto-onco-
gene account for a continuous range of phenotypes in human piebaldism.
Am J Hum Genet 1992; 51: 1058-1065.

N

w

~

© 2011 Japanese Dermatological Association

9

Letter to the Editor

Suzuki N, Suzuki T, Inagaki K et al. Mutation analysis of the ADART gene in
dyschromatosis symmetrica hereditaria and genetic differentiation from
both dyschromatosis universalis hereditaria and acropigmentatio reticular-
is. J Invest Dermatol 2005; 124: 1186-1192.

Liu Q, Jiang L, Liu WL et al. Two novel mutations and evidence for haploin-
sufficiency of the ADAR gene in dyschromatosis symmetrica hereditaria.
Br J Dermatol 20086; 154: 636-642.

Nagy E, Maquat LE. A rule for termination-codon position within intron-con-
taining genes: when nonsense affects RNA abundance. Trends Biochem
Sci 1998; 23: 198-199.

Wang XP, Liu Y, Wang JM, Xiao SX. Two novel splice site mutations of the
ADAR1 gene in Chinese families with dyschromatosis symmetrica heredi-
taria. J Dermatol 2010; 37: 1051-1052.

Tomita Y, Suzuki T. Genetics of pigmentary disorders. Am J Med Genet C
2004; 131C: 75-81.



