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Abstract The progressive myoclonus epilepsy of the Lafora
type (LD; MIM 254780) is a rare autosomal recessive dis-
order characterized by epilepsy, myoclonus, progressive
neurological deterioration, and the presence of periodic
acid-Schiff-positive polyglucosan inclusions (Lafora bod-
ies). Mutations in the EPM2A gene have recently been
found to cause LD and about 30 or more mutations have
been reported thus far. LD is relatively common in coun-
tries of the Mediterranean Basin, the Middle East, India,
and Pakistan. Although a few sporadic cases with the typi-
cal LD phenotype have also been reported in the Far East
including Korea and Japan, a recent effort to find mutations
in Japanese LD families was not successful. In the present
study, we report two novel mutations in a Korean girl with
LD; a 1-bp insertion mutation (c.223insC; G75{sX107) in
exon 1 and a missense mutation (c.559A>G; T187A) in
exon 3 of the EPM2A gene. To our knowledge, this is the
first report of a genetically confirmed case of LD in Koreans
and also in the Far East.
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Introduction

Lafora disease (LD; MIM 254780) is a rare autosomal reces-
sive disorder characterized by epilepsy, myoclonus, pro-
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gressive neurological deterioration, and the presence of
glycogen-like intracellular inclusion bodies (Lafora bodies)
(Minassian 2001). Recently, mutations in the EPM2A gene
at 6924 encoding a dual-specificity phosphatase (laforin)
have been found to be responsible for up to 80% of LD
cases and about 30 or more mutations have been reported
thus far (Ganesh et al. 2002; Gomez-Garre et al. 2000;
Minassian et al. 1998, 2000a, 2000b; Serratosa et al. 1999).
LD occurs worldwide but is relatively common in the Medi-
terranean countries of southern Europe, the Middle East,
India, Pakistan, and northern Africa (Delgado-Escueta et
al. 2001). Although a few sporadic cases with the typical LD
phenotype have also been reported in the Far Eastern coun-
tries, including Korea, Japan, and China, there has been no
report of a genetically confirmed case. Recently, Ganesh
et al. (2001) screened for mutations in the EPM2A gene
in four Japanese LD families but failed to identify any
mutations that cosegregated with the LD phenotype. They
suggested that EPM2A was not involved in the disease
phenotype of the families studied and that locus hetero-
geneity for LD might exist in the Japanese population.
Recently, we identified a Korean girl with typical clinical
features of LD and performed a mutation analysis to test
whether the patient had EMP2A gene mutations. We
herein describe the clinical features of the patient and
present two novel mutations of the EPM2A gene.

Patients and methods
Case report

A 15-year-old Korean girl presented with intractable
seizures since the age of 10 years. Her seizures started with
visual or auditory auras, which were sometimes followed
by generalized tonic—clonic seizures. In addition, she had
generalized myolonic seizures since the age of 13 years.
Despite antiepileptic treatment with valproate (1800mg/
day), clonazepam (3mg/day), lamotrigine (400 mg/day), and
zonisamide (400mg/day), the seizures were poorly con-
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Fig. 1. Numerous periodic acid-Shiff (PAS)-positive round or oval
inclusions are present in the epithelia of sweat gland duct cells (arrows;
axillary skin biopsy, PAS stain, X400)

trolled. She had experienced a simple febrile seizure at the
age of 3 years, but there was no history of a perinatal insult,
encephalitis, metabolic diseases, or head trauma. She was
born in Seoul, Korea and showed normal development
during childhood years. There was no family history of a
seizure and her parents were not consanguineous. On
neurological examination, she had no definite abnormalities
of cognitive function, motor ability, sensation, reflexes, or
gait. Laboratory tests including complete blood count,
blood chemistry, and urinanalysis were not remarkable.
Additional studies to rule out metabolic disorders includ-
ing Gaucher disease were normal. Electroencephalography
showed a slowing of background activity and very frequent
discharges of spikes, polyspikes, and generalized spike
waves. Numerous periodic acid-Schiff-positive Lafora
bodies were observed in the cytoplasms of sweat gland
duct cells in the axillary skin biopsy (Fig. 1).

Molecular genetic study

After we obtained informed consent, blood samples were
collected from the patient and her mother. Because the
patient’s father refused the mutation analysis, we could not
obtain his sample. Genomic DNA was isolated from periph-
eral blood leukocytes using a Wizard genomic DNA puri-
fication kit according to the manufacturer’s instruction
(Promega, Madison, WI, USA). All four exons of the
EPM?2A gene were amplified by polymerase chain reaction
(PCR) using primers designed by Serratosa et al. (1999) or
by the authors. Cycle sequencing was performed with a
BigDye Terminator Cycle Sequencing Ready Reaction
kit (Applied Biosystems, Foster City, CA, USA) on the
ABI 377 or the ABI 3100 Genetic Analyzer (Applied
Biosystems). The mutations found in the EPM2A gene
were further confirmed by the PCR-restriction fragment
length polymorphism (RFLP) method.

Results

Two novel mutations of the EPM2A gene were iden-
tified. One was a heterozygous 1-bp insertion mutation
(c.223insC; G75£sX107) in exon 1 and the other was a het-
erozygous missense mutation (c.559A>G; T187A) in exon
3 of the EPM2A gene (Fig. 2). The patient’s mother was a
heterozygous carrier for the T187A mutation and did not
have the c.223insC mutation. We could not determine
whether the ¢.223insC mutation was de novo or inherited
because the patient’s father was not tested.

The ¢.223insC mutation introducing a novel Avall site
in the amplified DNA was confirmed by the PCR-RFLP
method and was not found in 100 unrelated control subjects
(Fig. 2). Because the T187A mutation neither created
nor destroyed a restriction site, we designed a mismatch
primer (5'-actgaagcatgaattggggaCt-3’; underlined sequence
indicates mismatched site) to introduce a Pstl site in
the amplified DNA. The reverse primer was 5'-
tacagcaaggaggcagaaca-3'. With this method, the T187A
mutation was confirmed in the patient and her mother, and
was not found in 100 unrelated control subjects (Fig. 2).

Discussion

LD is relatively common in countries of the Mediterranean
Basin, the Middle East, Malaysia, Indonesia, India, and
Pakistan (Delgado-Escueta et al. 2001). In Far Eastern
countries, including Korea, China, and Japan, LD is ex-
tremely rare in that only a few cases with the typical clinical
features of LD have been reported in the Japanese popula-
tion, but not in the Chinese population (Ganesh et al. 2001).
In Koreans, only two brothers with LD in one family have
been reported, who were diagnosed by the typical clinical
features and by the presence of Lafora bodies (Lee et al.
1995). However, there has been no report of a genetically
confirmed LD in the Far East and a recent effort to identify
mutations in the EPM2A gene in four Japanese LD families
was not successful (Ganesh et al. 2001).

It is not clear why the Japanese LD patients do not have
any mutations in the EPM2A gene, however, locus hetero-
geneity might be an explanation. Minnassian et al. (1999)
examined for heterogeneity through the admixture test in
22 families and estimated the proportion of linked families
to be 75% to 85%. Therefore, mutations in at least one
still unknown gene also cause LD, and this gene might be
responsible for the Japanese LD families. Alternatively,
defects in a still uncharacterized regulatory region of the
EPM?2A gene or in critical enhancer elements thereof might
produce the LD phenotype. This possibility was raised be-
cause five LD families with 624 haplotypes and homozy-
gosities did not have any mutations in the coding region of
the EPM2A gene (Ganesh et al. 2002).

The EPM2A gene encodes a dual-specificity phos-
phatase, laforin, and is composed of four exons. The laforin
contains an N-terminal carbohydrate-binding domain



Fig. 2A-D. Identification of
EPM2A gene mutations. A Di-
rect sequencing analysis demon-
strated a heterozygous 1-bp
insertion (arrow; c.223insC) re-
sulting in a G75fsX107 mutation

(A)

Con

2 T 5 I v A
SN b

53

(B)

| M Con Pat

s /
-

in exon 1. Because the sequenc-
ing was performed with an anti-
sense primer, overlapped peaks
appear from the T+G peaks (ar- A
row). B Polymerase chain reac- )
tion-restriction fragment length

.1

Pat | \n/ W\ /V

‘Tccececccc

iy

i o AWA) i
VAVA N A'A'AVAVINAY.Y

GTCCTGC GCCG

600 bp

300 bp

200 bp

polymorphism (PCR-RFLP) T C
analysis confirmed the ¢.223insC
mutation, which introduced an
Avall site, creating 209- (arrow)
and 98-bp (hardly visible) bands.
C A heterozygous A-to-G transi-
tion (arrow; c.559A>G) result-
ing in a TI87A missense
mutation is observed in exon
3. D A mismatch PCR-RFLP
analysis also confirmed the
T187A mutation, which intro-
duced a Pst site, creating 191-
(arrow) and 25-bp (not visible)
bands. Con, Wild-type control;
Pat, patient; M, 100-bp size
marker

©

Con

Pat

cGcgcccce

TTGGGGATTACAGCTGTA

o~ = 100 bp

GTCCTGC GCCG

(D)

M Con Pat

600 bp

300 bp

|

200 bp

100 bp

-A:TTGGG‘GATTCA(-}C TGTAATG

(CBD-4) coded mainly by exon 1 and the dual-specificity
phosphatase domain (DSPD) spanning exons 3 and 4
(Ganesh et al. 2000). Recently, Ganesh et al. (2002) pro-
posed that two subsyndromes of LD might exist: (1) classi-
cal LD with adolescent-onset stimulus-sensitive grand mal,
absence, and myoclonic seizures followed by dementia and
neurological deterioration, and associated with mutations
in exon 4; and (2) atypical LD with childhood-onset dys-
lexia and learning disorder followed by epilepsy and neuro-
logical deterioration, and associated mainly with mutations
in exon 1. Ganesh et al. (2002) also provided clues for
distinct roles for the CBD-4 and DSPD of laforin in the
etiology of the two subsyndromes of LD, demonstrating
that mutations affecting the functions of DSPD, and not
of CBD-4, led to classical LD and those affecting both
domains developed atypical LD.

The patient described in the present study was a com-
pound heterozygote carrying the ¢.223insC (G75{sX107)
mutation in exon 1 and the ¢.559A>G (T187A) mutation
in exon 3 of the EPM2A gene, and could be classified as
having a classical LD because she did not show childhood-
onset dyslexia and learning disorder. It is not clear why she
showed classical LD despite the ¢.223insC mutation affect-
ing the functions of CBD-4. Because there are few data
describing a compound heterozygous LD patient affecting
both CBD-4 and DSPD, and because not all patients with
mutations affecting CBD-4 showed classical LD (Ganesh
et al. 2002), more data are mandatory to understand the
genetic background of the two subsyndromes.

Because we could not test the patient’s father, it was
difficult to exclude the possibility that two mutations found
in the patient might be located in one chromosome. How-

ever, because the patient’s mother was a heterozygous car-
rier of the T187A mutation and did not have the ¢.223insC
mutation, de novo introduction of the ¢.223insC mutation to
the same chromosome already carrying the T187A muta-
tion is unexpected. In summary, we identified two novel
mutations in the EPM2A gene in a Korean girl with the
typical phenotype of LD, which we believe would improve
our understanding of the genotype—phenotype correlations
of EPM2A mutations. To our knowledge, this is the first
report of a genetically confirmed case of LD in Koreans and
also in the Far East.
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