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Abstract Eight mutations of the a subunit of b-hex-
osaminidase A gene (HEXA) were identified in eight
patients with GM2 gangliosidosis variant B. They
were five missense mutations, two splice-site muta-
tions, and one two-base deletion. Five of them, R252L
(CGT fi CTT), N295S (AAT fi AAC), W420C
(TGG fi TGT), IVS 13, +2A fi C, and del 265–
266AC (exon 2), were novel mutations responsible for
infantile acute form of GM2 gangliosidosis. Two
missense mutations, R499H and R499C, were found in
one allele of two patients with attenuated phenotypes.
The patient with R499C showed a late infantile form,
and the other patient with R499H showed a juvenile
form. These two mutations have been reported previ-
ously in the patients of other ethnic groups, and they
have been known to cause attenuated phenotypes. The
milder phenotypes of GM2 gangliosidosis variant B,
different from the infantile acute form, have not been
reported so far in Japan, and this is the first report of
Japanese patients with attenuated phenotypes and
their molecular analysis.

Keywords GM2 gangliosidosis Æ Tay-Sachs disease Æ
Japanese Æ Infantile acute form Æ Late infantileform Æ
Juvenile form

Introduction

Tay-Sachs disease, GM2 gangliosidosis variant B, is an
autosomal recessive disorder primarily affecting the
central nervous system. It is caused by mutations in the
gene encoding the a subunit of b-hexosaminidase A
(Hex A), a lysosomal enzyme composed of a and b
polypeptides. Hex A requires the assistance of GM2
activator protein for hydrolysis of the lipophilic gangli-
oside GM2 in the hydrophilic environment of the lyso-
some. Mutations in the b subunit and GM2 activator
protein respectively result in the two other GM2 gan-
gliosidoses known as Sandhoff disease (variant O) and
activator protein deficiency (variant AB). Deficient
catabolism and abnormal accumulation of ganglioside
GM2 is a common feature in all GM2 gangliosidoses,
and consequently they all exhibit similar clinical symp-
toms.

About hundred mutations in HEXA have been
described in the literature (Gravel et al., 2001) so far.
Some mutations are commonly found in ethnically or
geographically isolated populations such as Ashkenazi
Jewish patients (Myerowitz and Costigan, 1988; Ar-
paia et al., 1988; Myerowitz, 1988; Ohno and Suzuki,
1988) or French Canadian patients (Myerowitz and
Hogikyan, 1986). We previously reported two com-
mon mutations among Japanese patients with Tay-
Sachs disease. One was IVS 5, -1 G fi T accounting
for 80% of the mutant alleles (Tanaka et al., 1993)
and the other was del nt613C accounting for 5% of
the mutant alleles (Tanaka et al., 1999). Since both
mutations result in null alleles and are responsible for
infantile acute form of GM2 gangliosidosis, patients
who show other clinical phenotypes than infantile
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acute form have not been reported so far in the Jap-
anese population.

We report here two patients with different attenuated
clinical phenotypes of GM2 gangliosidosis caused by the
different missense mutations in the same codon of
HEXA. This is the first report of Japanese patients with
attenuated phenotypes other than infantile acute form.
In addition, we report five novel mutations responsible
for infantile acute form of GM2 gangliosidosis variant
B.

Materials and methods

Molecular and biochemical analysis

Cultured skin fibroblasts obtained from the patients with GM2
gangliosidosis variant B were used for the study in patients 1–6.
Peripheral lymphocytes and chorionic villi were used in patients 7
and 8, respectively.

Genomic DNA was extracted from cells or tissue by the
standard method. In the first step, two common mutations (IVS
5, -1 G fi T and del nt613C) were screened by the previously
reported method (Tanaka et al., 1999), and eight patients (pa-
tients 1–8) who had unknown mutations were selected. In the
next step, PCRs and the sequencing were performed as described
previously (Tanaka et al., 1999) to analyze the unknown muta-
tions.

Enzyme analysis was carried out in the tissue homogenates with
the substrates of 4-methylumbelliferyl-N-acetyl b-glucosaminide
for the activity of hexosaminidase A plus B and 4-methylumbel-
liferyl-N-acetyl b-glucosamine-6-sulfate for the specific activity of
hexosaminidase A according to the method of Suzuki (1987). All
the patients gave their informed consent prior to their inclusion in
this study.

Patients� reports

Patients 1, 2, 3, 5, 7, and 8 showed the typical phenotype of
infantile acute form of Tay-Sachs disease. The symptoms appeared
at around 6 months of age. They never walked and became bed-

ridden at about 1 year old. Patients 4 and 6 showed different
attenuated phenotypes as described following. All patients had no
records of consanguinities.

Patient 4, a 9-year-old boy: The patient developed normally
until 1 year old when he could walk and speak one-word sentences.
Mother noted that he showed no development after that, and
consulted a doctor when he was 1 year and 6 months. The doctor
found that he had hyperacusis and a cherry-red spot on the macula,
and the diagnosis of GM2 gangliosidosis was made. He could not
stand at age 2, and clonic seizures appeared at age 3. Nasal-tube
feeding was introduced when he was 3. He was bed-ridden, had no
social communications, and showed some myoclonic movements at
the age of 7 years.

Patient 6, an 8-year-old girl: She developed normally until 3
years of age. She showed dysphemia at 3 years and 9 months. Then,
she gradually lost words. She had the first attack of generalized
seizure at 5 years and 10 months. Her EEG showed spike dis-
charges at both temporal regions. The seizures appeared several
times a day, and they were intractable by oral administration of
anticonvulsants. She showed some difficulty with communication
at 6 years and 5 months, nystagmus at 7 years and 1 month, and
could not walk at 7 years and 2 months. At 7 years and 10 months,
she was bed-ridden and showed some chorea-like involuntary
movements. She could neither move nor communicate socially. She
had no macular cherry-red spot. The brain MRI showed severe
cortical atrophy. The diagnosis of GM2 gangliosidosis variant B
was made by enzyme analysis.

Results

The eight patients, who had unknown mutations in ei-
ther of the two alleles, were selected by the screening of
the two common mutations, as described previously.
These patients were examined enzymatically and
molecularly, and the results were summarized in Ta-
ble 1. All except patient 1 had IVS 5, -1 G fi T in one
allele. Eight mutations were identified for 8 patients ,
which were five missense mutations, two splice-site
mutations, and one two-base deletion. Five, R252L
(CGT fi CTT), N295S (AAT fi AAC), W420C
(TGG fi TGT), IVS 13, +2A fi C, and del 265–

Table 1 Mutations in HEXA and hexosaminidase A (Hex A) activity in eight patients. Hex A activity was analyzed in the homogenate of
cultured skin fibroblasts with 4-MU-N-acetyl b-glucosamine-6-sulfate as the substrate

Patient Phenotype Allele 1 Allele 2 Hex-A activity

1 Infantile acute IVS 3, +1G fi Ta del 265, 266AC 0.76
2 Infantile acute IVS 5, -1G fi Tb IVS 13, +2A fi C 0.80
3 Infantile acute IVS 5, -1G fi Tb W420C 0.92
4 Late infantile IVS 5, -1G fi Tb R499Cc 2.02
5 Infantile acute IVS 5, -1G fi Tb R252L 1.10
6 Juvenile IVS 5, -1G fi Tb R499Hd 7.46
7 Infantile acute IVS 5, -1G fi Tb IVS 6, +1G fi Ae 4.94*
8 Infantile acute IVS 5, -1G fi Tb N295S 2.05**
Homozygous patient (n=10) Infantile acute IVS 5, -1G fi Tb IVS 5, -1G fi Tb 1.14±0.31
Normal control
Fibroblast (n=7) Normal Wild Wild 582±135
Lymphocyte (n=10) 206±37
Cholionic villi (n=10) 396±94

* Analyzed in the homogenate of peripheral lymphocytes
** Analyzed in the homogenate of chorionic villi. The activities are
shown in nanomoles per milligrams per hour
a Mutation originally reported by Tanaka et al. (1994)
b Mutation originally reported by Tanaka et al. (1993)

c The same mutation was previously reported by Mules et al.
(1992) and Akli et al. (1993)
d The same mutation was previously reported by Paw et al. (1990),
Triggs-Raine et al. (1991), and Akli et al. (1993)
e The same mutation was previously reported by Akli et al. (1993)
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266AC (exon 2), were novel mutations responsible for
infantile acute form of GM2 gangliosidosis.

Two different missense mutations were found in the
same codon in two patients (patients 4 and 6), R449C
(CGT fi TGT) and R449H (CGT fi CAT), which
caused the attenuated clinical phenotypes. Both muta-
tions were generated at CpG spot. Patient 4 had R449C
and showed late infantile form, and patient 6 had
R449H and showed juvenile form. Hex A activity in
these patients seemed to be higher than in other patients
with infantile acute form, as shown in Table 1.

Discussion

A huge number of mutations of HEXA gene have been
reported previously. Most of them, about 90%, were
known to cause the infantile acute form, so called Tay-
Sachs disease, whose clinical phenotype is almost similar
among patients from different ethnic groups. However,
the clinical phenotypes of the chronic form are very
heterogeneous (Gravel et al., 2001). Sometimes they
show different phenotypes with the same mutation. The
reason of this phenomenon is still unclear. Interactions
between the mutant proteins from both alleles and the
balance of those proteins must play an important role,
which might be different among individuals even though
they have the same mutations. Moreover, unknown ef-
fect from other genes or other proteins might occur.

GM2 gangliosidosis variant B in Japan is very un-
ique. Most patients show infantile acute clinical pheno-
type and have the same mutation of IVS 5, -1G fi T,
which is considered to originate in Japan (Tanaka et al.,
1994). Moreover, patients with milder forms have not
been reported so far in the Japanese population.

We reported two Japanese patients with different
attenuated phenotypes (late infantile and juvenile forms)
and identified the disease-causing mutations in each
patient. Both had the mutation of IVS 5, -1G fi T in
one allele. The mutations in another allele were R499C
for one patient (patient 4) and R499H for the other
(patient 6). Patient 4 showed a late infantile form, which
was more severe than patient 6 but milder than other
typical Japanese patients with GM2 gangliosidosis. Pa-
tient 6 showed a juvenile form.

Previously, R499C was reported in two patients—a
French patient and an Italian patient—with infantile
form (Akli et al., 1993), and one patient (Slavic/Irish)
with adult form (Mules et al., 1992). R499H was re-
ported in a Scottish/Irish patient (Paw et al., 1990) and
a Scottish/English patient (Triggs-Raine et al., 1991)
with juvenile form, and in a Dutch patient with adult
form (Akli et al., 1993). All four, the two R499C pa-
tients with infantile form (a French patient and an
Italian patient) and the two R499H patients with
juvenile form (a Scottish/Irish patient and a Scottish/
English patient), had the same null mutation of 4-base
insertion in exon 11 in another allele. The molecular
situation of the two patients in this report, who had

R499C/H and a null mutation (IVS 5, -1G fi T), is the
same as these four patients with R499C/H and 4-base
insertion. Patient 4 (R499C/IVS 5, -1G fi T) showed
less severe phenotype than the French and the Italian
patients (R499C/4-base insertion). Patient 6 (R499H/
IVS 5, -1G fi T) showed a similar phenotype with the
Scottish/Irish and the Scottish/English patients
(R499H/4-base insertion).

The reason R499H causes mild phenotypes was
previously studied biochemically (Paw et al., 1990). As
the a-chain generated from the mutant allele with
R499H would not be processed to the mature form, it
would be unstable and unable to exit endoplasmic
reticulum (ER). Some intracellular milieu might help to
exit ER and to reach into lysosomes and create a small
amount of mature polypeptide. In R499C, the cysteine
residue might create an illegitimate disulfide bridge in
the protein with a resultant disruption of the normal
three-dimensional structure, causing a more severe
clinical phenotype than in R499H (Akli et al., 1993).
Our study of the structural analysis by molecular
modeling software showed no drastic structural chan-
ges in a subunit polypeptides with R499C/H (Matsuz-
awa et al., 2003), which was consistent with the mild
clinical phenotypes.

We also found six mutations in Japanese patients
with infantile acute form. One, IVS 6, +1G fi A, was
reported previously in an American patient with sub-
acute form (Akli et al., 1993). The remaining five
mutations were novel. Two-base deletion (del 265,
266AC) would cause a flame shift and generate a stop
signal at the 16th codon downstream to make a trun-
cated polypeptide without biological function. As IVS
13, +2 A fi C abolished the consensus sequence for the
splicing, the mutation would cause impairment of nor-
mal splicing. W420C was reported previously in an Irish/
German patient with infantile acute form. These two
patients, this Irish/German patient and the patient in
this report, had different nucleotide substitutions
resulting in the same amino acid substitution, TGG to
TGC and to TGT, respectively. R252L must be a dis-
ease-causing mutation because a different mutation in
the same codon (R252H) was previously reported in a
Portuguese patient (Ribeiro et al., 1996) who has
mutation of B1 variant (a mutation for mild form) in
another allele, and the amino acid R255 would be
important for the protein structure. As N295 is one of
the N-linked glycosylation sites of the a-chain polypep-
tide (Myerowitz et al., 1985), the amino acid substitution
of N295S must cause a significant conformation change
of the protein, which was consistent with the severe
clinical phenotype of this patient.
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