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Rarely does medical science
advance in a relatively short time
from little knowledge about a
disease to foreseeing its complete
eradication in the not-so-distant
future, particularly when that dis-
ease is an inherited genetic disor-
der. Yet, this is precisely the out-
look for Tay-Sachs disease.
A host of researchers including

physicians and scientists at the
National Institute of Neurological
Diseases and Stroke, a compo-
nent of the National Institutes of
Health, have cracked the mystery

of Tay-Sachs disease and are
working steadily to eliminate it
from the list of neurological dis-
orders that plague man.

Caused by an abnormal gene
which is responsible for the ab-
sence of a specific enzyme, Tay-
Sachs disease is characterized by
the accumulation of lipid mate-
rial in the nerve cells of the brain
and in other body cells. This ac-
cumulation of fatty material
(sphingolipids) destroys the cells,
thus causing severe mental retar-
dation and eventual death.
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The disease derives its name
from the two men who first iden-
tified it in the 1880's. Warren
Tay, a British opthalmologist, de-
tected the telltale red spot on the
retina of a victim's eye. A New
York neurologist, Bernard Sachs,
gave the first clinical description
of the disorder.

Tay-Sachs disease can be
transmitted to an infant only if
both parents are carriers of the
recessive, abnormal gene. A car-
rier can therefore marry a non-
carrier without producing af-
fected children. However, a preg-
nancy resulting from two carriers
runs the risk of one in four chil-
dren having Tay-Sachs disease
and one in two of the remaining
children being a carrier. The oth-
erwise normal carriers of the
gene are healthy, and no sign of
the disease may be evident for
generations.

Most Tay-Sachs infants appear
normal until they are about 6
months old. At this time the
nerve cells begin to deteriorate;
there is a halt in the development
of body functions controlled by
the nervous system, and the baby
begins to regress.

Early symptoms include the
loss of power to roll over and to
raise the chest and head. Later
the infant is unable to extend his
arms or move his legs. Inability
to control the startle reflex also
characterizes Tay-Sachs infants.
In reaction to a sudden sound, a
Tay-Sachs victim will jerk up in
an exaggerated manner and then
slump back. A child in final
stages of the disease is likely to
lie still, staring straight ahead. In
the end his sight fails. Most
Tay-Sachs children live only
from 2 to 4 years.
Genetic Distribution
A striking feature of Tay-

Sachs disease is its genetic distri-

bution. Tay-Sachs disease is
most prevalent among Jewish
people of Eastern European de-
scent. Those particularly prone to
the disorder trace their ancestry to
the provinces of Grodno, Kovno,
Suwalki, and Vilno along the for-
mer Lithuanian - Polish - Russian
border. Still other cases originate
with forebears who emigrated
from White Russia, the Ukraine,
eastern Germany, Czechoslova-
kia, Hungary, Rumania, and the
provinces of Bessaravia and Bu-
covina where Ashkenazi Jews
lived in the 19th century.
The birth incidence of Tay-

Sachs children is 100 times
higher and the gene frequency 10
times higher among Ashkenazi
Jews than among other Jewish
and non-Jewish groups. Thus,
approximately one of every
6,000 Jewish infants is a Tay-
Sachs victim, and one of every
40 Jewish persons is a carrier of
the disease.

In the United States there are
an estimated 1/2 million carriers
of Tay-Sachs disease; 10 percent
of these are Jews in New York
City. Each year 10 to 15 of New
York City's children are born
with the disease. This compares
with two to four Tay-Sachs cases
reported per year in the Balti-
more-Washington area. This is
not to say that Tay-Sachs is an
exclusively Jewish disease. Many
non-Jewish persons carry the ab-
normal gene, and cases have
been reported among Swiss, Jap-
anese, and Scandinavian children,
and most recently in a Negro
child.

Dr. Ntinos C. Myrianthopou-
los, head of the Section on Epi-
demiology and Genetics, Perina-
tal Research Branch, NINDS,
has investigated the epidemiology
of Tay-Sachs disease (1). Grand-
parents of the Tay-Sachs pa-

tients, he discovered, tended to
come from smaller communities
in Eastern Europe, as opposed to
the larger cities of Kiev, Odessa,
and Warsaw.

Aronson (1) studied geo-
graphic marriage patterns of the
grandparents. Of the cases he ob-
served, 40 percent of the mar-
riages included spouses from dif-
ferent countries; 49 percent of the
couples were from the same
Eastern European country but
from different cities, and only 11
percent of the husband-wife com-
binations originated in the same
community.

Myrianthopoulos also re-
searched the epidemiology of sev-
eral disorders related to Tay-
Sachs. All categorized as sphin-
golipidoses, hereditary diseases
marked by accumulation of fatty
substances in various tissues,
these disorders share several fea-
tures with Tay-Sachs disease.

Niemann-Pick's disease pa-
tients, who also suffer severe
mental retardation and early
death, are primarily the descend-
ants of emigrants from the
Grodno-Kovno area. The cul-
tural, marital, and occupational
characteristics of Niemann-Pick
grandparents are similar to those
of the Tay-Sachs grandparents.

"It is unlikely that such high
concentration of different delete-
rious genes in a population is a
chance occurrence," Myrianthop-
oulos concluded. "It is more
likely that the same or similar
circumstances which favored the
rise in frequency of one gene
were also responsible for the con-
centration of the rest."
Study of Origins

In an attempt to determine
which circumstances were re-
sponsible for the frequency of the
sphingolipidoses among Ashken-
azi Jews, Myrianthopoulos con-
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sidered three hypotheses: a dif-
ferential breeding pattern, a dif-
ferential mutation rate, and a dif-
ferential fertility rate favoring the
heterozygote (1). He dismissed
the first two hypotheses on sev-
eral counts.

With regard to the possibility
of a differential fertility rate fa-
voring the heterozygote, compari-
son of reproductive performance
of grandparents of Jewish Tay-
Sachs infants with a control
group showed a 6 percent advan-
tage favoring the Jewish hetero-
zygote. Myrianthopoulos deter-
mined this difference to be "small
but consistent." Furthermore, he
added (1):
Some historical evidence also ap-

pears to corroborate this hypothesis
and to place the rise of the Tay-Sachs
disease gene among the Ashkenazi
Jews in historical times perhaps during
the early centuries of the diaspora.
The kind of selective agent responsible
for conferring this selective advantage
is not known. But it's evident that
whatever its mode of action was, it
was not confined only to Tay-Sachs
disease. Apparentlv Niemann-Pick's
disease, Gaucher's disease, spongy de-
generation of the nervous system,
Wilson's disease and possibly other
rare metabolic disorders, which were
a part of the genetic pool of the Jew-
ish communities in northeastern
Europe around the turn of the cen-
tury, have been subject to the influ-
ence of the same unknown selective
force and shared the same polymor-
phic properties.
Research

While scientists such as Myr-
ianthopoulos were attempting to
unravel the historical mystery of
the sphingolipidoses, others were
working to treat the patients with
these disorders. A campaign to
diagnose, prevent, and someday
cure Tay-Sachs disease and its
related disorders has been under-
way on several fronts for nearly
20 years.

Scientists at the Isaac Albert
Research Institute. of Brooklyn's

Dr. Roscoe 0. Brady incubates labeled material with tissue
extract, one of the many steps in the research procedures
to determine the specific metabolic defect underlying
the sphingolipidoses. Photo by Jerry Hecht, National
Institutes of Health

Kingsbrook Jewish Medical Cen-
ter (formerly the Jewish Chronic
Disease Hospital) have been con-
ducting studies on the sphingoli-
pidoses since 1952 (2). Their
16-bed ward for Tay-Sachs chil-
dren is considered the best facil-
ity of its kind in the world.
A lay institution vitally inter-

ested in treatment and prevention
of the disease is the National
Tay-Sachs Association in New
York City. Organized in Phila-
delphia by only six families in
1955, the association now claims
almost 1,000 members.

In recent years NINDS has
taken the lead in the fight against
Tay-Sachs disease. Dr. Roscoe
0. Brady in the Institute's Labo-
ratory of Neurochemistry is par-
ticularly active in Tay-Sachs re-
search and shares credit for
cracking the mystery of the dis-
ease (3, 4). His work on the
sphingolipidoses in the mid-

1960's provided the basis for his
later discoveries on Tay-Sachs
disease.

Related disorders. Gaucher's
disease, like Tay-Sachs, is caused
by a recessive genetic defect that
is transmitted via parent carriers
to their children. If both parents
carry the defective gene, one in
four children will have the dis-
ease, two will be carriers, and
only one will be normal.

Brady thought that the accu-
mulation of lipids in the spleen of
Gaucher's disease patients is due
to lack of an enzyme that would
normally catabolize the material.
He therefore chemically synthe-
sized radioglucocerebroside and
measured the amount of radioac-
tive glucose hydrolyzed. As pre-
dicted, spleen tissue from patients
with Gaucher's disease contained
considerably less glucose-releas-
ing enzyme activity (one-fiftieth)
than a normal spleen tissue
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Figure 1. Transabdominal amnniocentesis
is most safely performed at
the 16-week gestation stage.
Under sterile technique
a 23-gauge needle is inserted
in the midline near the
top of the fundus and below
the umbilicus.
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Figure 2. Amniotic fluid is withdrawn
into a sterile, siliconized
syringe. Fluid should be clear
and free and flowing.

Figure 3. Hysterectomy specimens taken
during pregnancy show the absence of
uterine bleeding or amniotic fluid leakage
following a transabdominal amniocentesis.

Figure 4. Prenatal diagnosis
encomipasses obtaining amniotic
fluid, tissue culture for cell

3 ~~~~~~~~~~~growth,and utilization of cell
cultutres for chromosomal analysis or
biochemical studies.
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A human hysterectomy specimen at 16 weeks' gestation is maintained
in vitro following transabdominal amniocentesis. The placenta
occupies less than 30 percent of the circumference,
and the fetus occupies less than 20 percent of the volume.

treated the same way. Brady
found no activity whatsoever in
the tissues from patients with the
infantile form of Gaucher's dis-
ease, only 10 to 30 percent activ-
ity in less-severe juvenile and
adult forms, and 75 percent ac-
tivity in white blood cells and
cultured skin fibroblasts in car-
riers of the disease.
More recently, the NINDS re-

searcher used a cerebrosidase
assay to monitor the condition of
an unborn child susceptible to
Gaucher's disease (5). By ex-
tracting a few cells in the third
month of pregnancy from the
amniotic fluid surrounding the
fetus, he was able to culture the
cells for a month and then pre-
dict whether the infant would be
born with Gaucher's disease,
have a juvenile or an adult form
of the disease, be a carrier, or be
normal.

Brady next turned his atten-
tion to Niemann-Pick's disease.
Another sphingolipidosis, this
disorder is characterized by accu-
mulation of the lipid sphingomye-
lin in the spleen and liver and

erosion of the bone cortex. In the
more prevalent infantile form,
Niemann-Pick's disease also
causes severe mental retardation.
Some cases, however, do occur
among adults.

Following procedures similar
to his work on Gaucher's disease,
Brady showed the culprit of Nie-
mann-Pick's disease to be a defi-
ciency of the enzyme sphingo-
myelinase.

There are more than a half-
dozen related disorders of amau-
rotic idiocy, and Brady's work in
the sphingolipidoses led him to
characterize still another disor-
der. Fabry's disease, also a hered-
itary enzyme deficiency, differs
from Gaucher's and Niemann-
Pick's diseases in that it is sex-
linked to the extra X chromo-
some in women. As with hemo-
philia, only the mother can be a
carrier, but she has a 50 percent
chance of transmitting the disease
to her male children. Whether or
not the father is a carrier of the
Fabry gene is irrelevant.

Fabry's disease patients do not
show signs of mental retardation

but suffer cataracts, high fever,
pain in the extremities, kidney
failure, and a reddish purple
maculopapular rash. In contrast
to other sphingolipidoses, Fabry's
disease patients usually live until
middle age.

Brady, using the amniocentesis
methods he developed in his Nie-
mann-Pick's disease research, di-
agnosed a case of Fabry's disease
in utero. Assays of cells from the
subsequently aborted fetus con-
firmed his diagnosis.

Tay-Sachs. These advance-
ments and discoveries led Brady
to the most prevalent of all
sphingolipidoses, Tay-Sachs dis-
ease. After a series of experi-
ments, the biochemist and his as-
sociates hypothesized that the de-
fect in Tay-Sachs disease is due
to the lack of a catabolic enzyme
responsible for splitting -the
amino sugar from the ganglio-
side.
The fatal lipid accumulation

caused by this lack is a Tay-
Sachs ganglioside [N-acetylgalac-
tosaminyl - (N-acetylneuraminyl)
galactosylglucosyl ceramide] or
otherwise known as GM. Be-
cause both the galactosamine and
neuraminic acid portions of the
molecule are theoretically sub-
ject to attack by catabolic en-
zymes, Brady had to determine
which end of the molecule is re-
sponsible. He spent 21/2 years
making the neuraminic acid end
of the ganglioside radioactive.
Testing of muscle tissue from
Tay-Sachs patients and normal
control patients, however, showed
the same enzyme activity for
both. He then turned to the
galactosamine end of the mole-
cule.

At this time two NINDS
grantees, Dr. John S. O'Brien and
Dr. Shintaro Okada (6) at the
University of California at San
Diego, found through the use of
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an artificial substrate that the en-
zyme missing in the blood and
tissue of Tay-Sachs patients is
hexosaminidase component A.
Carriers of the disease, they fur-
ther discovered, have only half as
much of that enzyme in their
blood as normal controls.
The California scientists' work

required confirmation by examin-
ing the metabolism of the gan-
glioside which accumulates in the
brain and tissues of Tay-Sachs
patients. Brady and his co-work-
ers, therefore, directed their ef-
forts to confirming the O'Brien-
Okada report. Through investiga-
tions with Tay-Sachs ganglioside
radioactively labeled in the hexos-
aminyl portion of the molecule,
they demonstrated the absence of
this ganglioside, hexosaminidase
component A, in tissues of pa-
tients with Tay-Sachs disease.

Prevention possible. Discov-
eries by Brady, O'Brien, and
Okada, together with Dr. Bruno
Volk, director of the Isaac Albert
Research Institute, led to a simple
diagnostic test for patients and
carriers of the sphingolipidoses,
including Tay-Sachs disease. In
utero diagnosis of the lipid stor-
age diseases is possible through
amniocentesis. When such a diag-
nosis is made, prospective parents
have the opportunity to consider
therapeutic abortion. Determina-
tion of carriers is possible also by
a simple blood test.
The first mass screening pro-

gram to detect Tay-Sachs car-
riers, thus hopeful of preventing
future occurrence of the disorder,
is underway in the Baltimore-
Washington area (7,8). An affil-
iate of Johns Hopkins University,
the John F. Kennedy Institute, is
sponsoring this unprecedented
pilot program.

Dr. Michael M. Kaback, an
assistant professor of pediatrics
at the Johns Hopkins University

School of Medicine and a former
researcher in the Laboratory of
Molecular Biology, NINDS, is di-
recting the Tay-Sachs screening
program. The test takes 10 min-
utes. A physician draws a small
amount of blood from the arm,
puts it in a test tube, and places
it in a rack for refrigeration. The
sample is later analyzed automat-
ically, and the patient is notified
within 2 to 3 months if he is a
carrier of the defective gene.
More than 5,000 Baltimore-

Washington Jewish volunteers
will have been tested by Septem-
ber 1971. The entire program
will continue until 1973, when an
estimated 60,000 volunteers will
have been tested. A minimum of
8,000 carriers are expected to be
identified in this pilot program.
Of these, approximately 100 to
200 couples will be at risk of
conceiving a Tay-Sachs child. In-
itial tests have already turned up
some carriers of the disease.
The cost of the Baltimore-

Washington program is estimated
at $200,000-less than the
amount necessary to care for two
Tay-Sachs patients (8). Those
tested are asked to contribute $5
to offset the project's cost.

Three characteristics of Tay-
Sachs disease make mass screen-
ing possible: the disease affects a
specific subpopulation; carriers
can be identified by a simple,
economic test; and diagnosis is
also possible in utero. Physicians
hope that procedures developed
in the Tay-Sachs program may
eventually be extended for mass
screening of other inherited dis-
eases such as sickle cell anemia
and cystic fibrosis.

Hope for Cure
With detection and prevention

of Tay-Sachs disease possible,
the question of a cure arises. The
logical consideration is enzyme

replacement, thus returning the
lipid metabolism to its normal
state.

In Tay-Sachs and infantile
forms of Gaucher's disease, how-
ever, this theory would be diffi-
cult to institute because the pro-
tective blood-brain barrier is so
effective and the brain cells are
already severely damaged. How-
ever, in a recent interview, Brady
said, "I believe we can now mod-
ify the enzyme so it can get into
the brain." For juvenile Gauch-
er's and Fabry's disease patients,
this may also be beneficial.

With medical science already
able to prevent certain inborn er-
rors of metabolism and hopeful
of correcting others, it may soon
be possible to strike many disor-
ders from man's list of neurologi-
cal ailments.
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