hibited serum bilirubin concentrations
just above the limits of detection imme-
diately after birth (Table 2). Type 1
heterozygotes cleared the bilirubin
transmitted from their jaundiced moth-
ers during the first 24 hours, whereas
type 2 heterozygotes began postnatal
existence with trace amounts of serum
bilirubin that, 24 hours after birth, in-
creased to an average concentration of
1.3 mg/100 ml. Mild hyperbilirubine-
mia persisted to day 5 in both types.

These findings indicate that embryon-
ic differentiation results in elaboration
of sufficient BGT activity to prevent
jaundice in normal but not in partially
deficient newborns. Newborn heterozy-
gous animals exposed to large amounts
of bilirubin throughout gestation con-
jugate the pigment twice as efficiently
as those in similar, but unexposed, lit-
ters. Newborns of the first type initially
clear the bilirubin transmitted from
their jaundiced mothers, whereas new-
borns of the second type develop a
hyperbilirubinemia shortly after birth.
Hyperbilirubinemic animals achieve
maximum BGT activities more rapidly
than normal animals in the course of
postnatal development, but relative
rates of conjugation in genetically de-
ficient rats decline to approximately
half the normal rates as the jaundice
clears. Thus, postnatal changes in BGT
activity follow the serum bilirubin pat-
tern.

These results show that the presence
of bilirubin is associated with accele-
rated induction of BGT before and
after birth. Substrate accumulated by
maternal animals with an inherited
error of metabolism has, in this in-
stance, the paradoxical effect of stimu-
lating the same function in heterozy-
gous fetuses. The competence of this
hepatic mechanism is most vigorously
tested in the presence of a partial
deficiency due to genetic factors or
immaturity at birth, or both. Transient
hyperbilirubinemia in premature in-
fants appears, therefore, to reflect a
perinatal adaptive process necessary
for eventual survival.

M. MICHAEL THALER
Department of Pediatrics,
University of California,
San Francisco 94122
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Lactosyl Ceramidosis: Catabolic Enzyme

Defect of Glycosphingolipid Metabolism

Abstract. A 3-year-old Negro female showed clinical evidence of a neurovisceral
storage disorder that has been characterized by the specific elevation of lactosyl
ceramide in erythrocytes, plasma, bone marrow, urine sediment, liver biopsy, and
brain biopsy. A galactosyl hydrolase deficiency was demonstrated by the inability
to cleave lactosyl ceramide labeled with tritium in the terminal galactose. The
enzyme deficiency may be the primary cause of this previously unreported

sphingolipidosis.

A number of clinically distinct lipid
storage diseases have been character-
ized as inborn errors of glycosphingo-
lipid catabolism. Visceral Tay-Sachs
disease (I, 2), Fabry’s disease (3), and
Gaucher’s disease (4) are characterized
by the absence of specific glycosidases
in the stepwise catabolism of red cell
globoside (Fig. 1) and the accumulation
of glycosphingolipid, mainly in the vis-
ceral organs. Similarly, the absence of
specific glycosidases has been demon-
strated in Gy gangliosidosis (5) and
Tay-Sachs disease (I, 6), leading to the
accumulation of glycosphingolipid ma-
terial primarily in the brain. Lactosyl
ceramide [gal(1—4)glc ceramide] (7) is
a common catabolite of both globoside
and ganglioside catabolism (Fig. 1), and

galNAc - gal - gal-glc - cer (GL~4)

Hexosaminidase A and B
deficiency

gal-gal-glc-cer (GL=3)

Fabry's disease -+—

any defect in its catabolism might be
expected to have neurovisceral implica-
tions. No such disease has previously
been described, but we have recently
studied a patient who clinically and bio-
chemically manifests such a disorder.

A 3-year-old Negro female (S.H.)
was born prematurely, and early devel-
opment was slow but unremarkable.
Examination at 2Y%2 years revealed mild
hypotonia. Shortly thereafter neurologic
development slowed, and she began a
course of accelerating mental regression.
The neurologic deterioration has been
marked by cerebellar ataxia together
with loss of mental function, spasticity,
increased deep tendon reflexes, bilateral
Babinski reflexes, and increasing red-
ness of the maculae. There has been no

gal-gaiNAc-gal- glc-cer (G y1)
3

(f
2
NANA
Generalized (G ;)
gangliosidosis -
qalNAc-gal-glc-cer (Gy5)
3
2
NANA

Hexosaminidase A
deficiency
(Tay-Sachs disease)

gal-glc-cer (GL~2) «

LACTOSYL CERAMIDOSIS -+—

gal-glc-cer (G Ms)

1)

- gle-cer (GL=1) NANA
Gaucher's disease '
cer <« ! gal-cer € 1 SOz H-gal-cer
Krabbes' Metachromatic
leukodystrophy leukodystrophy

Fig. 1. Catabolism of the major human glycosphingolipids showing the sites of known

inborn errors of metabolism.
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opisthotonos. The liver was enlarged 5
cm and the spleen 2 cm below the
costal margins, suggestive of a storage
disease. Examination of the bone mar-
row showed mononuclear storage cells
—similar to those seen in Niemann-
Pick disease—about 40 pm in diameter
and filled with clear foamy cytoplasm.
Initial clinical laboratory data revealed
an elevation of serum acid phosphatase,
which is a nonspecific characteristic of
lipid storage diseases. Subsequent anal-
yses indicate that the disease is char-
acterized by the presence of abnormally
high concentrations of lactosyl ceramide
in all the blood and biopsy samples
studied.

Total lipids were extracted by the
Folch (8) procedure from samples of
erythrocytes (2 to 4 ml), plasma (5 to
10 ml), bone marrow cells (2 to 4 ml),
urine sediment (24-hour collection cen-
trifuged and lyophilized), liver biopsy
(1 g), and brain biopsy (0.25 g). Liver

and brain biopsy specimens were ho-
mogenized in 0.15M NaCl (nine vol-
umes) prior to extraction, whereas the
other material was extracted directly.
A portion of the total lipid extract was
retained for a two-dimensional thin-
layer chromatographic peptide pattern
(9), which allowed a qualitative ap-
praisal of any lipid abnormalities; the
remainder was fractionated into neutral
lipids, glycolipids, and phospholipids
(10). Individual glycosphingolipids were
isolated and characterized by the modi-
fication of the procedure of Vance and
Sweeley (10), as described (I1), quan-
titative analyses being carried out by
gas-liquid chromatography. Ganglio-
sides were purified by a combination
of silicic acid chromatography (I2)
after dialysis of the Folch upper phase,
and thin-layer chromatography (two se-
quential separations on coated silica
gel plates, obtained from Quantum
Industries) in a mixture of chloroform,
methanol, and 2.5N NH OH (60:
40:9). Individual gangliosides were
visualized by iodine, removed from the
plate by scraping, eluted with a mix-
ture of chloroform, methanol, and
water (100:42:6), and estimated by
gas-liquid chromatography. Hematoside
Gy, the major glycosphingolipid of
normal liver, was found to partition
almost equally into the two phases of
the Folch extract on the basis of fatty
acid chain lengths; the partition of
the other glycosphingolipids appeared
to be complete.

In all the samples studied GL-2 was
elevated (Table 1), suggesting that this
glycolipid was involved in the primary
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Table 1. Lactosyl ceramide (GL-2) concentrations in S.H. and normal patients of approxi-
mately the same age and sex. With the exception of brain and liver biopsies these results are
based upon at least two separate determinations. Values for urine sediment are based on dry

weight. Values for brain and liver are based on the fresh weight of the sample.

Bone .
Subject }:{e?{is Plasma marrow SeI(iIirI:“l]eilt Braint Livert
(umole/mt)  (WOIE/TD Sty (umolegy=  (umOIe/)  (umole®)
Normal 1.34 0.39 3.40 0.18 0.05 0.06
S.H. 5.33 1.81 6.85 0.54 0.39 0.45
#* Dry weight. i Fresh weight.

metabolic defect. Cholesterol, choles-
terol esters, triglycerides, free fatty
acids, sphingomyelin, other phospho-
lipids, GL-3, GL-4, and gangliosides
were present in normal concentrations
except for hematoside (Gyg), which
showed a twofold elevation in some
tissues, such as liver, where it is norm-
ally the major glycosphingolipid (13).
The concentrations of galactosyl ceram-
ide and sulfatide in brain were signifi-
cantly reduced, suggestive of demyelina-~
tion. Glucosyl ceramide (GL-1) was
slightly elevated in erythrocytes and
plasma, while a sixfold excess was
found in liver. However, brain, bone
marrow cells, and urine sediment con-
tained normal amounts of GL-1. This
is in contrast to the finding (/4) of large
amounts of GL-1 in urine sediment
from a patient with Gaucher’s disease.
The analysis of urine sediment, to-
gether with the distinctly different clin-
ical picture (delayed onset, no opistho-
tonos, hepatomegaly greater than sple-
nomegaly, cerebromacular degeneration)
enables the disease to be distinguished
from Gaucher’s disease. Subsequent
studies on skin fibroblasts (I5) revealed
further differences.

No lipid storage disease has previ-
ously been characterized by the storage
of GL-2 as the primary abnormality.
Increased amounts of GL-2, together
with GL-1 and GL-3, have been found
in the brain of patients with Krabbe’s
leukodystrophy (16), generalized gan-
gliosidosis, and Tay-Sachs disease (7).
However, the primary metabolic defect
in these diseases is characterized by the
inability to catabolize glycosphingolipids
other than GL-2 (Fig. 1). Similarly, ele-
vated levels of GL-2 have been reported
in the spleen of some patients with
Gaucher’s disease (/8), where the pri-
mary metabolic defect is a glucosyl
hydrolase deficiency leading to the ac-
cumulation of GL-1.

A generalized elevation of GL-2
could result from either a catabolic or
anabolic defect but, by analogy with
other glycosphingolipidoses, we sus-
pected a catabolic enzyme deficiency.

The lactosyl ceramidase activity of
liver biopsy of our patient (S.H.)
was compared to that of liver ob-
tained at autopsy from females of
comparable age. As the substrate we
used GL-2 labeled with 3H at carbon-6
of the terminal galactose residue (19).
Liver samples (50 to 100 mg, wet
weight) were sonicated in 0.1M sodium
acetate, pH 5.0, and centrifuged at
600g for 30 minutes to remove cell
debris. Portions of the supernatant (100
to 400 wul) were incubated with the
[BH]GL-2 (20,000 count/min) in so-
dium taurocholate (2 mg/ml), total vol-
ume 0.5 ml at 37°C for 2 hours. The
reaction was stopped by the addition of
chloroform and methanol (2 : 1) (5 ml)
followed by water (0.5 ml). Liberated
[3H]galactose was found exclusively in
the upper phase of the resulting Folch
partition. The activity of lactosyl cer-
amidase in S.H. liver was only 16 to
20 percent of normal (Table 2), pro-
viding good evidence for a catabolic
enzyme deficiency. This result has been
subsequently confirmed in fibroblasts
cultured from a skin biopsy (15). The
accumulation of GL-2 in the patient’s
tissues was not responsible for the
depressed galactosyl hydrolase activity
since addition of excess GL-2 did not
affect activity in controls. The activities
of other lysosomal enzymes such as (-
glucosidase, [B-N-acetylhexosaminidase,
and B-glucuronidase were determined

Table 2. Lactosyl ceramide galactosyl hydro-
lase activity. Activity is expressed as [*H]ga-
lactose released (counts per minute) per milli-
gram of protein per 60 minutes. Each sample
contained GL-2 (20,000 count/min) in sodium
taurocholate (2 mg/ml) added to the lyso-
somal fraction of sonicated liver (0.1 to 0.4
ml) in acetate (pH 5.0) buffer, the total
volume being 0.5 ml. Boiled tissue was used
as the blank, and analyses were performed in
triplicate. The amount of [®H]galactose liber-
ated was proportional to the protein concen-
tration in the range of 0.1 to 0.4 ml of super-
natant of the sonicated material.

Specimen e
Control liver (autopsy) 231 =30
S.H. liver (biopsy) 39
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by Dr. R. Matalon (20) and found to
be normal in the livers of S.H. and
control subjects.

With the possible exception of
Fabry’s disease and the adult form of
Gaucher’s disease (4), which both spare
the nervous system, all the glycosphingo-
lipidoses so far described are charac-
terized by an almost total specific en-
zyme deficiency and rapid neurological
deterioration after the first few months
of life. In contrast to this, S.H. ap-
peared to develop normally, although
somewhat slowly, for 212 years before
the start of progressive neurologic de-
generation. Because of the central role
of GL-2 in both major glycosphingo-
lipid catabolic pathways, a total enzyme
deficiency should be at least as severe
as infantile Gaucher’s disease; the find-
ing of partial lactosyl ceramidase activ-
ity in our patient can be interpreted as
an explanation for the more prolonged
course of the disease. The discovery of
this disorder means that an enzyme
defect is known for each step in the
catabolism of red cell globoside to
ceramide. Further, four clinically dis-
tinct glycosphingolipidoses, namely, gen-
eralized gangliosidosis, Fabry’s disease,
Krabbe’s leukodystrophy (21), and lac-
tosyl ceramidosis have now been attrib-
uted to specific galactosyl hydrolase
deficiencies. Even though these four
enzymes have not been characterized,
nevertheless the use of specific sub-
strates enables us to detect the diseases
and to offer genetic counseling.

GLYN DAWSON
ARTHUR O. STEIN
Departments of Pediatrics and
Biochemistry, Joseph P. Kennedy, Jr.,
Mental Retardation Research Center,
University of Chicago,
Chicago, Illinois 60637
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Sodium Cyclamate and
Bladder Carcinoma

It was informative to read that
Bryan and Ertiirk (/) in their first
paragraph summarily discarded previ-
ous evidence of the carcinogenic effect
of sodium cyclamate, notwithstanding
all the pros and cons on this subject.
While their data are quantitatively im-
pressive in showing that surgically im-
planted pellets of cholesterol plus
cyclamate result in bladder carcinomas
in laboratory mice, the control cate-
gory in their experiments seems to be
incomplete. The central technical ques-
tion at stake is which of the large vari-
ety of molecular species ingested via
normal diets, when pelletized with cho-
lesterol and implanted in this way,
would give the same low incidence of
carcinomas as cholesterol pellets alone.

If we ignore, as the authors did, the
entire problem of which molecules
would normally end up in urinary blad-
ders in amounts similar to the cycla-
mate concentrations introduced by their
technique, then it is interesting to spec-

ulate that sucrose, for example, might
also have a carcinogenic effect under
the same experimental conditions. If
such a finding were documented to the
same degree as in Bryan and Ertiirk’s
report, could we legitimately conclude
that sugar causes bladder carcinoma?

It seems also worth noting that the
authors did not rule out the possibility
of synergistic effects in their experi-
ment.

LiNcoLN PIERSON BROWER

Department of Biology,
Amherst College,
Ambherst, Massachusetts 01002
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LSD: Teratogenicity in Mice

Roux, Dupuis, and Aubry (/) report
that LSD failed to cause abnormalities
in rats, mice, and hamsters. I wish to
comment specifically about the work
performed with mouse embryos.

The teratogenic effect of injected
LSD was originally demonstrated in
studies on a large series of animals
from several inbred mouse lines (2).
These studies were confirmed and ex-
tended in other laboratories (3, 4).
Dipaolo et al. (4), moreover, empha-
sized the fact that in their study terato-
genicity was observed in inbred animals
but not in outcrossed, general purpose
mice. In those studies, as well as in
our own, the injection of LSD appears
to lead to an increased incidence of
those developmental defects which also
occur ‘“‘spontaneously” in these lines.

There is thus no inconsistency in
the reported observations. Teratogens
always act against a background of
genetically influenced susceptibility;
LSD is no exception. But since, as the
authors point out, extrapolation to man
is difficult and extensive clinical ob-
servations are needed, one must in
the interim at least recognize that LSD
can be teratogenic in mice.

ROBERT AUERBACH
Department of Zoology, University of
Wisconsin, Madison 53706
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