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Summary

The adult form of Tay-Sachs disease, adult GM2 gangliosidosis, is an autosomal recessive neurological dis-
order caused by a partial deficiency of 0-hexosaminidase A. We had previously identified, in Ashkenazi-
Jewish adult GM2 gangliosidosis patients, a Gly269-_>Ser mutation in the fB-hexosaminidase a-subunit. All of
the Ashkenazi patients were found to be compound heterozygotes with an allele containing the Gly269-->Ser
mutation together with one of the Ashkenazi infantile Tay-Sachs alieles. We have now found the same

Gly269-'Ser mutation in six adult GM2 gangliosidosis patients from four different non-Jewish families.
Genomic DNA from three of the patients, two of whom were brothers, exhibited a hybridization pattern
consistent with homozygosity for the Gly269->Ser mutation. The remaining non-Jewish patients were com-

pound heterozygotes of the Gly269-,Ser mutation together with an unidentified a-subunit mutation. The
results demonstrate that individuals homozygous for the Gly269-->Ser change can be clinically affected. The
same Gly269->Ser mutation in both the Ashkenazi and non-Jewish patients may be the result of a common

ancestor, given that the ancestry of these non-Jewish patients, like the Ashkenazim, can be traced to east-
ern Europe.

Introduction

The GM2 gangliosidoses are a group of autosomal
recessive neurological disorders caused by a marked
deficiency of the lysosomal enzyme I-hexosaminidase
A (reviewed by Sandhoff et al. 1989). The enzyme deficit
results in an accumulation of the natural substrate of
I-hexosaminidase A, GM2 ganglioside, which in turn
leads to neuronal malfunction. Deficiency of Is-hex-
osaminidase A activity can be caused by mutations in
either of the genes that encode the subunits, a or ,
of the enzyme or in a third gene encoding the GM2 ac-
tivator protein which is essential for the hydrolysis of
GM2 ganglioside.
A total loss of enzyme activity as a result of muta-

tions in the a-subunit gene causes the infantile form
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of Tay-Sachs disease, a lethal neurodegenerative disor-
der. The adult form of Tay-Sachs disease, termed adult
GM2 gangliosidosis, is caused by defects in the a-sub-
unit gene that result in a narrow range of residual en-
zyme activity. In the adult disease (reviewed by Navon
et al. 1986), onset usually occurs in the second or third
decade of life, with lower-motor-neuron, pyramidal
tract, and cerebellar deterioration. In some patients psy-
chosis precedes the other neurological symptoms. A
notable feature of the adult disorder is its great vari-
ability even among affected siblings.

Recently progress has been made in the identifica-
tion of the mutations in the iB-hexosaminidase a-subunit
that cause the GM2 gangliosidoses (reviewed by Neu-
feld 1989). The Ashkenazi-Jewish population has been
of special interest because of an elevated incidence of
both infantile Tay-Sachs disease and adult GM2 gan-
gliosidosis. Two mutations have been identified in the
a-subunit gene which underlie infantile Tay-Sachs dis-
ease among these patients; these two mutations are (1)
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a 4-bp insertion in exon 11, accounting for '70%O of
the mutant alleles (Myerowitz and Costigan 1988), and
(2) a splice-site mutation at the 5' end of intron 12 in
the remaining 30% (Arpaia et al. 1988; Myerowitz
1988; Ohno and Suzuki 1988). Both of these muta-
tions result in a complete absence of Il-hexosaminidase
A activity. In Ashkenazi-Jewish patients with adult
GM2 gangliosidosis, we (Navon and Proia 1989) and
others (Paw et al. 1989) have identified a single base
change at the 3' end of exon 7 of the a-subunit gene
that results in the substitution of Ser for Gly at position
269 in the a-polypeptide. All of the Ashkenazi patients
were found to be compound heterozygotes for the
Gly269-'oSer change together with one of the allelic in-
fantile Tay-Sachs mutations. The heterozygosity in the
Ashkenazi patients is likely a consequence of the high
frequency of the infantile Tay-Sachs alleles together
with a relatively rare Gly269-Ser mutation in the Ash-
kenazi population. It is also possible that, because the
Gly269--Ser mutation gives rise to some residual 1-hex-
osaminidase A activity (Conzelmann et al. 1983), indi-
viduals homozygous for this mutation might (a) express
enzyme activity above a critical threshold, leading to
a mildly affected or even asymptomatic state, and (b),
as result, escape detection.

In an attempt to determine whether individuals
homozygous for the Gly269-ASer mutation express clin-
ical manifestations, we screened non-Jewish adult GM2
gangliosidosis patients for this mutation. Our reason-
ing was that, if the Gly269--Ser mutation was present
in these patients, then it might be more likely to exist
in a homozygous state because of the much lower fre-
quency of infantile Tay-Sachs alleles in the non-Jewish
population.

Methods

DNA Sources
The diagnosis of the adult GM2 gangliosidosis pa-

tients was based on a deficiency of 1-hexosaminidase
A activity together with a clinical presentation consis-
tent with the disorder (Navon et al. 1986).

Family A (fig. 1), which has two siblings, 34 and 36
years old, who have adult GM2 gangliosidosis, has been
described elsewhere (Mitsumoto et al. 1985). The non-
Jewish paternal grandparents of the patients were from
the Ukraine. Their non-Jewish maternal ancestors
migrated from Yugoslavia.
A peripheral blood sample was obtained from a 36-

year-old non-Jewish female patient (L-89-23) with adult

GM2 gangliosidosis. Her maternal ancestors were from
Poland, Ireland, and England, while the paternal side
of the family was from "one of the Slavic countries."

Fibroblast cultures were derived from non-Jewish
brothers, My.K. and Mi.K., 53 and 61 years old, respec-
tively, who have adult GM2 gangliosidosis. One of their
parents was from Yugoslavia, and the other was from
Czechoslovakia.

D.W. is a 38-year-old male with adult GM2 gangliosi-
dosis. His family (family B) is non-Jewish and of Polish
descent. The mother's family was from the Rosanka
region of Austria-Poland, and the father's family was
from the Russian-Polish border.
A fibroblast culture was derived from an Ashkenazi-

Jewish GM2 gangliosidosis patient, S.R., who has been
described elsewhere (Navon and Proia 1989).
Genomic DNA was isolated from fibroblast cultures

(in patients My.K., Mi.K., and S.R.) and blood sam-
ples (in family A, family B, L-89-23, and normal con-
trols) according to methods described elsewhere (Mani-
atis et al. 1982).

Amplification and Detection of Specific DNA Sequences
The Gly269-,Ser mutation was detected by hybrid-

ization with allele-specific oligonucleotide probes. This
method has been demonstrated to be reliable for the
detection of this mutation (Navon and Proia 1989).
Genomic DNA was amplified using Taq DNA poly-
merase (Perkin-Elmer Cetus) (Saiki et al. 1988) and
oligonucleotides primers, 5'GGGTCCTACAACCCTG-
TCACCCAC 3' and 5'AAGCTTCACTCTGAGCATAA-
CAAG 3', specific for exon 7 and intron 7, respectively,
of the a-subunit gene (Proia and Soravia 1987). The
DNA was subjected to amplification on a Perkin-Elmer
Cetus thermocycler for 39 cycles. Each cycle was 2 min
at 940C for denaturation, 2.5 min at 60°C for anneal-
ing, and 3 min at 720C for synthesis. The regions sur-
rounding the Ashkenazi infantile Tay-Sachs mutations
were amplified according to a method described else-
where (Myerowitz 1988; Myerowitz and Costigan 1988).
The amplified DNA was blotted on GeneScreen Plus

filters (New England Nuclear), denatured, neutralized,
and dried. Prehybridization was for 1 h at 370C in a
solution containing 1 M NaCl, 0.005 M EDTA, 1%
SDS, 100 gg denatured salmon-sperm DNA/ml. Hy-
bridization was performed overnight at 370C after ad-
dition of the appropriate [32P]-labeled allele-specific
oligonucleotide probe (\'2.5 ng/ml). The sequence of
the oligonucleotide probe specific for the Gly269->Ser
mutation was 5'TGGGGACCAAGTAAGAATG 3'. The
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sequence of the corresponding normal probe was
S'TGGGGACCAGGTAAGAATG 3'. The sequences of
the probes for detection of the Ashkenazi infantile mu-
tations were as described elsewhere (Myerowitz 1988;
Myerowitz and Costigan 1988).

After hybridization, the blots were washed twice for
30 min at room temperature in 2 x SSC containing
0.5% SDS and then for 5 min at 550C with 2 x SSC.

Results

Two non-Jewish siblings with adult GM2 gangliosi-
dosis have been described by Mitsumoto et al. (1985).
The genomic DNA from these patients (II-1 and 11-2),
an unaffected sibling (II-3), and their parents was tested
for the presence of the Gly269--Ser mutation (fig. 1).
Both affected siblings and their father were positive for
the Gly269--Ser mutation. Like the Ashkenazi patient,
compound heterozygosity was indicated in the two non-
Jewish patients because their DNA was also positive
when tested with an allele-specific probe carrying the
normal sequence from the region of this mutation. How-
ever, unlike the Ashkenazi patients, the non-Jewish pa-
tients did not carry either of the Ashkenazi infantile
Tay-Sachs mutations, i.e., the intron 12 slice-junction
mutation and the 4-bp insertion in exon 11 (not shown).
Both non-Jewish patients are, therefore, compound het-
erozygotes of an allele bearing the Gly269->Ser muta-
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Figure I Analysis of a non-Jewish family with two affected sib-
lings with adult GM2 gangliosidosis for the Gly269-USer mutation.
Polymerase chain reaction (PCR)-amplified genomic DNA from a
clinically normal individual, an Ashkenazi GM2 gangliosidosis pa-
tient, and a non-Jewish family, family A, with two affected siblings
(II-1 and II-2) was assayed for the presence of the Gly269 USer mu-
tation. The DNAs were hybridized with an allele-specific oligonucle-
otide probe specific for the Gly269-Ser mutation (Mutant Probe) and
with an oligonucleotide specific for the corresponding normal re-
gion (Normal Probe). A solid symbol indicates the presence of the
Gly269- Ser mutation. A hatched symbol indicates the presence of
an unidentified a-subunit mutation. An open symbol indicates a nor-
mal a-subunit allele.

tion inherited from their father, together with an
unidentified mutant allele from their mother, who
demonstrates levels of IB-hexosaminidase A activity in
the carrier range. The unaffected sibling shows normal
levels of enzyme activity and is presumed not to carry
a mutation.
The genomic DNA from four additional non-Jewish

patients, two ofwhom (My.K. and Mi.K.) are siblings,
was also found to be positive for the Gly269--Ser mu-
tation (fig. 2). Patient L-89-23 DNA, like the previously
described non-Jewish patients, was positive when as-
sayed with the allele-specific probe carrying the nor-
mal sequence and is presumed to be a compound het-
erozygote. This patient also tested negative for both
Ashkenazi infantile mutations.

In contrast, theDNA from patients D.W., My.K., and
Mi.K. was negative when assayed with the allele-specific
probe carrying the normal sequence. This pattern of
hybridization with these two allele-specific probes is
indicative of homozygosity for the Gly269-'oSer muta-
tion. However, if the allele carrying the Gly269-'jSer
mutation was in compound heterozygosity with an al-
lele harboring either a deletion or some other sequence
change in the region of the Gly269->Ser change, the
same hybridization pattern would be observed. Homo-
zygosity for the Gly269--Ser mutation could be proved
if maternal and paternal inheritance of the mutation
could be demonstrated. As shown in figure 3, the mother
of patient D.W. is positive for the Gly269-*Ser muta-
tion. Although the father is deceased, paternal in-

Non-Jewsh Paftents

Normal Probe

YM"
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Figure 2 Identification of the Gly269-Ser mutation in four
non-Jewish adult GM2 gangliosidosis patients. PCR-amplified
genomic DNA from a clinically normal individual, an Ashkenazi-
Jewish adult GM2 gangliosidosis patient, and four non-Jewish adult
GM2 gangliosidosis patients was assayed for the presence of the
Gly269- Ser mutation. The DNA were hybridized with an allele-
specific oligonucleotide probe specific for the Gly269-' Ser mutation
(Mutant Probe) and with a oligonucleotide specific for the corre-
sponding normal region (Normal Probe).
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Figure 3 Demonstration of homozygosity of the Gly269-Seer
mutation in a non-Jewish adult GM2 gangliosidosis patient. PCR-
amplified genomic DNA from a non-Jewish patient, D.W., and his
family, family B, was assayed for the presence of the Gly269_Ser mu-
tation. The DNA was hybridized with an allele-specific oligonucleo-
tide probe specific for the Gly269-Ser mutation (Mutant Probe) and
with an oligonucleotide specific for the corresponding normal re-
gion (Normal Probe). A solid symbol indicates the presence of the
Gly269- Ser mutation. An open symbol indicates a normal a-subunit
allele.

heritance of the mutation is indicated by the presence
of the Gly269-USer change in the DNA of one of the
father's siblings (I-4). This individual displays hetero-
zygote levels of 1-hexosaminidase activity that are con-
sistent with the presence of the Gly269-OSer mutation.

Discussion

Very small variations in residual enzyme activities
are believed to greatly influence the clinical course of
patients with late-onset lysosomal storage diseases (Con-
zelmann and Sandhoff 1984). Since the Gly269--iSer
mutation gives rise to some residual activity, it is con-
ceivable that homozygous individuals might be asymp-
tomatic or less severely affected than the patients who
have the Gly269--Ser mutation in allelic combination
with one ofthe null, Tay-Sachs infantile mutations. The
results presented here demonstrate that individuals
homozygous for the Gly269--Ser mutation can be clin-
ically affected. Although the homozygous patients ap-
pear to be at the mild end of the clinical spectrum of
adult GM2 gangliosidosis (Navon et al. 1986), the
effect of homozygosity of the Gly269-'>Ser mutation on
clinical severity cannot be determined at this time, be-
cause of the small number of patients. In any case, this
genotype would be a factor in very few patients, be-
cause the majority are Ashkenazi Jews, who, thus far,
have proved to be compound heterozygotes. Other com-
ponents, both genetic and environmental, may play a

role in the extreme variability of clinical severity in this
disorder in most of patients.
The Ashkenazi patients studied to date carry the

Gly269-Ser mutation in compound heterozygosity
with one of the two Ashkenazi infantile Tay-Sachs mu-
tations. In contrast, the non-Jewish patients were ei-
ther homozygous for the Gly269-_Ser mutation or were
heterozygotes for this mutation with an unidentified
mutation. The apparent increased homozygosity for the
Gly269--Ser mutation among non-Jewish patients com-
pared with Ashkenazi patients can be attributed to the
different frequencies of the infantile Tay-sachs disease
alleles among the Ashkenazi (1/31) and the non-Jewish
(1/167) populations, together with a relatively rare
Gly269--Ser mutation in both groups (Greenberg and
Kaback 1982; Navon and Adam 1985; Sandhoff et al.
1989). The absence of either of the Ashkenazi infantile
mutations-i.e., the 4-bp insertion in exon 11 and the
splice-site mutation in intron 12- in the non-Jewish
compound heterozygotes is consistent with a much
lower occurrence of these mutations in the non-Jewish
population (E. E. Grebner and R. Myerowitz, personal
communication).
Thus far, all adult GM2 gangliosidosis patients

tested, Jewish and non-Jewish, have been found to carry
the Gly269-*Ser mutation. It is interesting that the an-
cestry of the non-Jewish patients can be traced to east-
ern Europe, the region of the historical origins of Ash-
kenazi Jews. This suggests that the mutation in both
groups of patients may have originated in a common
ancestor.
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