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Abstract
Tay-Sachs disease is a lipidosis due to the deficiency of the 
lysosomal hexosaminidase A. In order to understand the mo
lecular mechanisms of this enzyme deficiency we studied 42 
patients of different ethnic origins diagnosed in Europe. The 
strategy used consists in HEXA cDNA amplification followed 
by allele-specific oligonucleotide analysis for the frequent mu
tations, and by chemical cleavage mismatch and denaturing 
gradient gel electrophoresis for the detection of new muta
tions. 90% of alleles were clarified in this way, showing a high 
heterogeneity of HEXA lesions in Tay-Sachs disease. 28 dif
ferent mutations were found, 20 being identified for the first 
time in this group of patients.
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m

Identification of gene lesions responsible 
for a genetic disease can have several aims: to 
understand the gene function, to reveal the 
pathogenic mechanisms involved, to correlate 
a mutation with a specific phenotype or to 
clarify the molecular epidemiology of a partic

ular disease in a particular population. To 
reach these objectives we undertook a study of 
the distribution of mutations responsible for 
Tay-Sachs disease in the European popula
tion.

This work was coordinated at the Institut 
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Previous investigations have shown that 
different mutations of the HEXA gene can 
produce defects in the a subunit of ß-hexosa- 
minidase A, which is responsible for Tay- 
Sachs disease. The loss of this activity results 
in a lysosomal accumulation of undegraded 
GM2 ganglioside, particularly in neurons. 
Clinically, the disorder displays varying de
grees of severity [1] related to the level of 
residual ß-hexosaminidase A activity toward 
its natural substrate [2, 3].

The effort to identify alleles in Tay-Sachs 
disease originally focused on the Ashkenazi 
Jewish and French-Canadian populations 
showing a high incidence of the disease. In 
Ashkenazi Jews, two major mutations respon
sible for the infantile form have been demon
strated: a G to C transversion at the 5' splice 
site of intron 12 [4-6], and a 4-bp insertion in 
exon 11 [7], also found among non-Jewish 
patients [8]. The adult form of Tay-Sachs dis
ease is characterized by a point mutation at 
the 3' end of exon 7 that results in the substi
tution of Ser for Gly at codon 269 [9, 10], 
Among French-Canadians, a 7.6-kb deletion 
at the 5' end of the gene [11] accounts for 
about 80% of mutant chromosomes exam
ined in this ethnic group [12],

Other mutations have been reported in the 
literature in families from a diversity of ethnic 
backgrounds, with most of these mutations 
being described in just one family [13], Such a 
heterogeneity of mutations emphasizes the 
need to test screening strategies to detect 
simultaneously known and unknown muta
tions.

Material and Methods

Strategy
The strategy used in this study is based upon the 

analysis of mRNA which is the most compact version 
of a gene and has the advantage of allowing the detec
tion of splice mutations in the form of aberrant or trun
cated transcripts (exon skipping). After conversion 
into single-strand cDNA, the HEXA coding sequence 
was PCR-amplified in two overlapping fragments [see 
ref. 14 for primer sequence]. We first screened all the 
patients by specific oligonucleotides for the most fre
quent known mutations [allele-specific oligonucleotide 
(ASO) analysis; see table 1], Then we chose chemical 
mismatch cleavage (CMC) analysis [15] to screen the 
entire coding region for mutations in all 42 patients, 
and denaturing gradient gel electrophoresis (DGGE) 
analysis of a 5' cDNA segment spanning the active site 
for 19 of these patients. The CMC method detects all 
classes of mutations [15] and permits localization of 
the mutation limiting DNA sequencing to only the 
region of mismatch. DGGE is very efficient for detect
ing all types of mutations but does not precisely locate 
the sequence alteration and is restricted to the analysis 
of small DNA segments up to 400 bp because of the 
limited size of melting domains [see fig. 1]. To deter
mine whether the patients were homozygotes or het
erozygotes for each mutation the corresponding re
gions of genomic DNA were sequenced. The deletion 
characteristic of the French-Canadian infantile form 
was screened by PCR with 3 oligoprimers as described 
elsewhere [16].

Methods
Cell lines The fibroblast cell lines came from Tay- 

Sachs patients diagnosed in our different European 
laboratories. Cells were maintained in Dulbecco’s 
modified Eagle’s medium supplemented with antibiot
ics and 10% fetal calf serum at 37 °C in 5% CO2. ß- 
Hexosaminidase A activity in fibroblasts was mea
sured by a fluorometric assay using 4-methylumbellife- 
ryl-ß-D-N-acetylglucosaminide-6-sulfate as previously 
described [17]. All cell lines were totally deficient in 
ß-hexosaminidase A activity with this artificial sub
strate. For each patient, 4 plates (65 cm2) were used to 
measure enzymatic activity and to extract total RNA 
6751 and genomic DNA for mutation analysis.

CMC. This procedure was done according to 
Grompe et al. [19]. The labeling of the two strands of 
the PCR-amplified reference fragment was performed 
by a second amplification with radiolabeled primers as 
described [19]. The labeled probe (approximately 
10 ng) was mixed with 15-fold molar excess of ampli-

We give here a survey of conclusions re
sulting from the study of 42 Tay-Sachs pa
tients of different ethnic origins diagnosed in 
our different European laboratories. The 
strategy used allowed us to clarify 90% of 
alleles investigated and to establish genotype- 
phenotype and epidemiological correlations.
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Table 1. Oligoprobes used for the screening of different mutations

Tay-Sachs form Mutation Oligoprobe Frequency

A SO technique 
Infantile Ashkenazi 

Jewish
4 bp insert Ell normal 5'-GCCATAGGATATACGGTTCAG-3' 

mutant 5'-GCCATAGGATAGATATACGGT-3'
24

Infantile Ashkenazi IVS 12*1 
Jewish

normal 5'-AAACCCTTA£CAGAGCCTG-3' 
mutant 5'-AAACCCTTAGCAGAGCCTG-3'

0

APhe304/305Infantile Moroccan normal 5'-AGCACATTCTTCTTAGAAGTC-3' 
mutant 5'-ATGAGCACATTCTTAGAAGTC-3'

6

Infantile European IVS 9*1 normal 5'-CCTTCCTCACGTCTGGATG-3' 
mutant 5'-CCTTCCTCATGTCTGGATG-3'

11

Gly269 -» SerAdult panethnic normal 5'-TGGGGACCAGGTATCCCTG-3' 
mutant 5'-TGGGGACCAAGTATCCCTG-3'

5

Selective amplification of normal and deleted alleles 
Infantile French 

Canadian
5' end A 7.6 kb FC2F

FC1R
FC3F

5'-AATAGCCTGAATAAGACATACTAT-3'
5'-GTTTTGATATAGGCATCCAATGTGA-3'
5-GGTGGCTCACACCTGTAATCTCAGC-3'

0

fied target DNA in 0.3 MNaCl, 3.5 niMMgCT, 3 mM 
Tris-HCl pH 7.7, boiled for 5 min, chilled on ice and 
then incubated at 420 C for 2 h. After hybridization, 
the samples were ethanol precipitated and resus
pended in 20 pi water for further use.

Chemical Modification and Cleavage. The best re
sults were obtained when heteroduplex DNA (6 pi for 
each reaction) was incubated either at 39 °C for 1 h in 
20 pi of a fresh 4 M solution of hydroxylamine hydro
chloride (Aldrich) titrated to pH 6 by addition of di- 
ethylamine (Aldrich) for C-modification, or at 37 °C 
for 1 h in 19 pi of a mix containing 10 mM Tris-HCl 
pH 8, 1 mM EDTA, 1.5% (v/v) pyridine and 0.025% 
osmium tetroxide [4% stock solution (Aldrich) stored 
at 4 °C] for T-modification. After piperidine cleavage 
(1 M fresh solution, 90 °C for 30 min), the fragments 
were analyzed by electrophoresis in a 6% denaturing 
polyacrylamide gel, followed by autoradiography [20].

DGGE. A melting map (plots of the midpoint melt
ing temperature as a function of position along a DNA 
molecule) of the cDNA fragment with a GC clamp 
attached to the 5' end was generated using the comput
er program of Lerman and Silverstein [21], This pro
gram simulates the melting and mobility behavior of 
the clamped PCR fragment in the appropriate denatur

ing gradient gel. PCR-amplified fragments of cDNA 
were analyzed by DGGE in a Hoeffer SE 600 type 
apparatus (LKB) as previously described [22], Samples 
(15 pi) were loaded onto a 6.5% polyacrylamide gel 
(acrylamide/bisacrylamide = 37.5/1) containing a 30- 
80% dénaturant gradient parallel to the direction of 
electrophoresis [100% dénaturant = 7 M urea and 40% 
(v/v) formamide]. The gel was run at 160 V for 3h 
30 min in TAE buffer maintained at a constant tem
perature of 60° C by a circulating heater and stirrer. 
After electrophoresis, the gel was stained with ethid- 
ium bromide.

Results and Discussion

Screening with ASOs for six known muta
tions showed marked differences in frequency 
(table 1). The 4-bp insertion in exon 11 
(which represents 70% of Ashkenazi Jewish 
Tay-Sachs alleles) was found in our popula
tion with a frequency of 24% and is present in 
both Ashkenazi and non-Ashkenazi patients
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Fig. 1. Results of CMC and DGGE of human 
HEXA cDNA on patients with Tay-Sachs disease, 
a DGGE analysis of the fragment spanning exon 1 to 
exon 7 with a GC clamp attached to the 5' end. The 
results of one control (N) and 4 subjects with extra 
bands are shown. When samples have a single band, we 
mix normal and patient DNA in a ratio of 1:1 to form 
heteroduplexes (lane KM + N), b Autoradiograph with 
cleavage products. In all lanes the full-length probe of 
461 bp is seen. Lanes 3 and 11 are from patients DA 
and NA, respectively, after hydroxylamine modifica
tion. Lane 1 = probe alone; lane 2 = normal cDNA con
trol (no cleavage). Other lanes contain cleaved prod
ucts from other Tay-Sachs patients. Lanes 15 and 16

contain cDNA from the patient of lane 14 but with
out hydroxylamine or piperidine, showing the speci
ficity of the cleavage, c Diagram of the HEXA cDNA 
with the location of PCR primers for DGGE [the 
oligonucleotide primers used for PCR were 5' 
GCCCGCCGTCCCGGCCCGACCCCCGCGCGTC 
CGGCGCCCGCGTCCTTTACCCGAACAACT 3' 
(upstream primer with GC clamp) and 5' 
CTGTGCTGTGTAGATGTGGG 3' (downstream 
primer)] and CMC, and the location of 4 different 
mutations in patients BO, NA, DA and KM. The com
puterized analysis predicts a low-melting domain of 
400 bp that is represented by a hatched bar in the 629- 
bp amplified fragment.

(see table 2 for ethnic origin). The French- 
Canadian mutation, accounting for 80% of 
alleles in Canada, was completely absent from 
our population suggesting that this mutation 
is rare in France/Europe or that it appeared in 
Canada after the French immigration [16],

The mutation described as responsible for 
the adult form [9, 10] of Tay-Sachs disease 
was present in 5% of alleles studied and repre
sents 33% of alleles in our adult patients. We 
found the APhe 304/305 mutation, first de
scribed in a Moroccan Jewish family [23], in
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Table 2. Correlations between Tay-Sachs clinical forms, ethnic background and genotype in 42 patients

Allele 1 Allele 2Ethnic backgroundClinical formNumber Patient

APhe304/305 9Frenchinfantile1 RJ
APheSOwos IVS9*1infantile French2 LD
Arg393 —» Stop Arg393 —> StopFrenchinfantile (CS)3 VR
Arg137 —> Stop 4-bp insertionFrenchinfantile4 DAu
Arg504 —> Cys IVS2*1Frenchinfantile5 RJu
Arg178 —> His Arg178 —> HisB1 variant French6 NA/NF
IVS4*5 4-bp insertionFrenchinfantile7 GP

IVS9*1IVS9*1infantile FrenchVF
4-bp insertionIVS9*1Frenchinfantile9 LB

Arg499 -> His 4-bp insertionFrenchjuvenile10 BA
Ser210 -9 Phe Ser210 —> PheNorth AfricanDA/DK infantile (CS)11
Arg504 —> Cys Arg504 —> CysAlgerianinfantile (CS)12 MF

Late infantile (CS) Tunisian IVS5*-1 IVS5*-1SF13
Arg178 -» His Arg178 -> HisB1 variant Portuguese14 T
Arg178 -> His Arg178 -> HisB1 variant (CS) Portuguese15 R
4-bp insertion 4-bp insertionJewishinfantile16 KJ

4-bp insertionAshkenazi Jewish 4-bp insertioninfantile17 ZF
APhe304/305 9French/Irish/infantile18 MA

Portuguese/Italian
4-bp insertion 4-bp insertionAshkenazi Jewishinfantile19 ADL

Ashkenazi Jewish 4-bp insertion 4-bp insertioninfantileCYW20
Arg499 -> His 4-bp insertionjuvenileMON Portuguese21
APhe304/305 APhe3047305Italianinfantile22 LOSI
IVS9*1 IVS9*1ItalianinfantileMORI23
Gly269 -> Ser IVS9*1American (Ohio)83/41 adult24
Gly269 -> Ser 9American (Ohio)adult25 83/42
Lys197 -> Thr Arg499 -> HisDutchadult26 PA
Gly269 -» SerAshkenazi Jewish exon 11 insertionWS/WW adult27
Gly269 -> Ser exon 11 insertionAshkenazi JewishSR/SE adult28

9American IVS6*1juvenile/adult83/4629
9IVS9*1juvenile Dutch30 AD

9 9Italianinfantile31 BG
Arg499 -> Cys exon 11 insertionFrenchinfantile32 MM
Arg499 —» Cys Phe211 —> SerItalianinfantile33 SL
Leu127 -> Arg 9Italianinfantile34 ML
Arg170 —> Gin IVS9*1ScottishinfantileKM35
Arg504 -> Cys 9Czechinfantile78KS36
His204 -9 Arg exon 11 insertioninfantile German37 KS
Arg504 -> His Met301 -» ArgYugoslavianinfantile38 BT

A(TT)142A(TT)142Frenchinfantile39 HA
Arg170 —> Trp Gly454 SerItalianinfantile40 BO
Glu482 -9 Lys Glu482 —> Lysinfantile (CS) Italian14241
Leu39 -> Arg exon 11 insertionPolishinfantileGO42

All patients were analyzed by CMC. Patients 23-42 were also analyzed by DGGE. CS = Consanguinity.
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6% of alleles and consider it to be a panethnic 
mutation, since we identified it in French, 
Italian and Portuguese patients [20], In the 
Moroccan Jewish population its frequency is 
about 25% of alleles.

Of particular interest is the IVS9*1 muta
tion identified in our laboratory [20], also 
reported in an English study [24] and by Aker- 
man et al. [25], and characterized as a 17-bp 
insertion due to a GT to AT transition at the 
donor site of intron 9, resulting in the activa
tion of a cryptic donor site in the intron [26]. 
This mutation seems to be frequent in the 
European population since it was found at 
40% of alleles in a non-Jewish Tay-Sachs pop
ulation from the British isles [24] and repre
sents 11 % of the alleles we studied.

Figure 1 shows comparative results be
tween CMC and DGGE analysis of some of 
our patients with Tay-Sachs disease.

Mismatch analysis of the 5' region of 
HEXA cDNA allowed us to detect 4 novel 
mutations, while DGGE analysis revealed the 
existence of melting polymorphisms for 7 out 
of 19 Tay-Sachs patients studied. For patients 
with only one identical band, we mixed nor
mal and mutant sequences in a ratio of 1:1 to 
observe heteroduplexes that can easily distin
guish between different mutations (fig. la).

Table 3 gives a general view of mutations 
characterized in the 42 Tay-Sachs patients 
studied. 28 different mutations were found in 
the 84 alleles, 20 of which were identified for 
the first time in this group of Tay-Sachs pa
tients: 11 missense mutations, 2 nonsense 
mutations, 5 splicing mutations, and 2 frame- 
shift mutations.

Several general remarks can be made con
cerning the genotypes found in this Tay-Sachs 
population and the molecular mechanisms in
volved.

(1) The substituted amino acids resulting 
from the missense mutations seem to play an 
important role since they occur in conserved

positions as well as in the human HEXB, con
sidered to be derived along with HEXA from a 
common ancestor gene, and in Dictyostelium 
discoideum HEXA [27], Their substitution 
leads to a total loss of enzymatic activity.

(2) Eight amino acid substitutions 
(Leu39->Arg, Arg170-»Gln, Arg170->Trp, 
Arg178-»His, Lys197->Thr, His204-»Arg, 
Met301 -» Arg, Glu482 -> Lys) produce charge 
changes.

(3) Arg499->Cys can be responsible for 
changes in protein conformation [28],

(4) The alternative splicing due to a G to A 
transversion at position -1 of exon 5 is a 
quantitative mutation, responsible for a 
strong decrease in donor site efficiency result
ing in two low-abundance RNAs: one lacking 
exon 5 which is a nonenzyme producer, and 
the other normally spliced but carrying the 
silent G to A mutation and therefore coding 
for an absolutely normal enzyme reported to 
account for about 3% of residual HEXA activ
ity in a patient with a late infantile form of 
Tay-Sachs disease [14].

(5) The missense mutation (Leu39 -» Arg) 
creates an aberrant peptidase site, Tyr-Val- 
Arg39, which might interfere with the HEXA 
maturation process [29].

(6) Of particular interest for phenotypic 
correlations is the substitution of Arg499. 
When it is replaced by Cys, and in association 
with a null allele (4-bp insertion in exon 11), 
this mutation is responsible for an infantile 
form of the disease. When replaced by His 
and in association with the same null allele it 
was found in a juvenile form [30]. When 
replaced by His, but in association with the 
Lys197->Thr substitution, the mutation is re
sponsible for an adult Tay-Sachs form (ta
ble 2). We can conclude that Arg499 His is a 
phenotypically mild allele and that Lys197-> 
Thr is a new adult allele.

(7) 40% of mutations occurred in a ‘hot 
spot’ CpG dinucleotide.
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Table 3. Frequency of different 
mutations found in the 42 patients 
studied, and their location on the 
HEXA coding sequence

Codons Exons Mutations Alleles Frequency, %CpG

Missense mutations
391 1 Leu —> Arg 

Leu —> Arg 
Arg —> Gin 
Arg -> Trp 
Arg —> His 
Lys -> Thr 
His —» Arg 
Ser —> Phe 
Phe —> Ser 
Gly —> Ser 
Met —> Arg 
Gly —» Ser 
Glu —> Lys 
Arg —> His 
Arg -> Cys 
Arg —> His 
Arg —> Cys

1
127> 3 1
170 5 1X

1701 5 1X

178 5 6 7X

1971 6 1
2041 6 1
2101 6 2
2111 6 1
269 7 4 5
3011 1
4541 12 1
482 13 1X

499 13 1X

4991 13 2X

504 13 1X

5041 13 4 5X

Nonsense mutations 
1371 
3931

3 Arg —> Stop 
Arg Stop

2X

11 2X

One-codon deletion 
304/305 8 APhe 65

Frameshift mutations 
1421 
3091

A(TT)
A(CT)
4-bp insert

4 2
8 1

425 20 2411

Splicing mutations
Localization
IVS2*1'
IVS4*5*
IVS5*-1*
iyS6*l‘
IVS9*11

1
1
2
1
9 11X

Total 28 76 9011

1 = Characterized at the Institut Cochin de Génétique Moléculaire,
Paris.
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(8) All mutations in the donor splicing site 
except one (IVS9*1) result in the excision of 
the previous exon and produce unstable 
mRNAs.

(9) 16 of the mutations we characterized 
seem to be very rare since we identified them 
on only one chromosome from 84 studied.

Table 2 shows the clinical form, ethnic ori
gin and genotype found in the 42 patients 
studied and illustrates the molecular epidemi
ology of Tay-Sachs disease in a European pop
ulation with various ethnic backgrounds. This 
study demonstrated once again the great het
erogeneity of HEXA lesions involved in Tay- 
Sachs disease. Most of the patients studied are 
compound heterozygotes and it was found 
that the homozygotes are very often associat
ed with consanguinity (table 2).

Most mutations are familial. The ethnic 
mutations - 4-bp insertion in exon 11, 
IVS9*1, APhe304/305 - which were also the 
most frequent in our study, were found in 
patients of different ethnic origins, probably 
due to some degree of intermarriage.

Correlation of the genotype with the clini
cal form was possible in some cases. All pa
tients with the B1 variant had the Arg 
His mutation [31, 32] in a homozygous state. 
4 patients with adult-type disease had the 
Gly269 -» Ser mutation combined with differ
ent null alleles. In two other adult patients one 
had the Lys197->Thr mutation combined 
with Arg499 His, another the IYS6*1 muta
tion with an unidentified allele. Several pa
tients with the infantile form had the 4-bp 
insertion in exon 11: 6 in a homozygous state 
and 6 in a heterozygous state combined with 
other different infantile mutations.

Our strategy allowed the characterization 
of 75 out of 84 alleles representing 90% of the 
total. The use of RNA as starting material can 
explain why 10% of the alleles were not iden
tified since this technique is not suitable for 
detecting mutations in the promotor region; it

also fails to detect some splicing mutations. 
Sequencing the promotor and all the intron/ 
exon junctions can give complementary infor
mation.

Another limitation results from the dis
equilibrium between the number of trans
cripts corresponding to the two alleles in the 
case of compound heterozygotes. Genomic 
DNA analysis is necessary in this case.

In our experience, DGGE seems to be 
more efficient than CMC for screening for 
both known and unknown mutations in a lim
ited segment of cDNA (400 bp). However, 
our data demonstrate that CMC is a valuable 
alternative for detecting nucleotide substitu
tions when the whole coding sequence of the 
HEXA gene must be analyzed.

Thus, an effective methodology is now 
available for the molecular characterization of 
genetic diseases. However, the extremely high 
molecular heterogeneity found in Tay-Sachs 
disease (46 different mutations have so far 
been identified) prevents the use of this meth
odology for current routine purposes, particu
larly when enzymatic methods are more sim
ple, less expensive and sufficiently reliable.

Nevertheless, gene lesion characterization 
is important for a better understanding of 
pathogenesis, in some cases for the diagnosis 
of a particular phenotype, or to establish the 
prognosis, and with the goal of creating ani
mal models with different phenotypical ex
pressions necessary for the preliminary steps 
towards gene therapy.
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Announcement

Call for Patients and Families with Hirschsprung's 
Disease

A major gene for Hirschsprung’s disease has been mapped on chromo
some 10 [see Nature Genetics, August 1993].

We are interested in studying families with recurrence of this disorder 
(which as far as the chromosome 10 gene is concerned is transmitted as an 
autosomal dominant trait with incomplete penetrance) and also isolated 
cases (for the study of possible mutations using the candidate gene 
approach).

Please contact:

Prof. G. Romeo
Laboratory of Molecular Genetics 
Institute G. Gasimi 
1-16148 Genova (Italy)
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