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Extract

Chemical and biochemical variables of the sphingolipids were examined in fetal
liver, kidney, and brain using saline-aborted (SA) and hysterotomy-aborted (HA)
tissues. Brain sphingolipid hexose (BSH) and ganglioside ./V-acetyl neuraminic
acid (NANA) content were similar in each group (BSH/SA, 4.1-5.0 mg/g
dry wt and HA, 3.0-6.7 mg/g dry wt; NANA/SA, 1.1-3.3 mg/g dry wt and HA,
1.3-3.1 mg/g dry wt). The distribution of the major gangliosides was also compar-
able in each group. Sulfatide levels were lower in the hysterotomy group (0.2-0.4
mg/g dry wt) than in the saline group (0.5-0.9 mg/g dry wt), perhaps reflecting the
earlier gestational age of this group. Activities of arylsulfatase A (ARA), /3-galactosi-
dase, and hexosaminidase A from each tissue were similar, respectively, in saline-
and hysterotomy-aborted fetuses. The ARA activity (liver, 23-67; kidney, 13-21;
and brain, 1-42 nmol cleaved/mg protein/hr) was about 10-20% of postnatal levels.

Utilizing these control values, amniocentesis-derived diagnoses were confirmed
in two fetuses with Tay-Sachs disease (TSD) and in another with Gmrganglio-
sidosis type I. The disease-specific ganglioside (Gm.2 in TSD and Gmi in Gmi-gang-
liosidosis) was significantly elevated in brain from each case (TSD, 5-6 times control
values and Gnii-gangliodosis, approximately twice control values). In liver and
kidney from the affected fetuses the disease-related enzyme activity of hexosamini-
dase A in TSD and /3-galactosidase in Gmn-ganglactosidase) was less than 10% of
control values. In liver, kidney, and brain extracts, cellulose-acetate gel electro-
phoresis of the disease-specific enzyme revealed no bands of enzyme activity for
hexosaminidase A in Tay-Sachs disease or for the relevant ,8-galactosidase isoen-
zymes in Gm i-gangliosidosis.

Speculation

The prenatal diagnosis of Tay-Sachs disease, Gmi-gangliosidosis, and other sphingo-
lipidoses may be confirmed in saline-aborted fetal tissues. Since abortion by hyster-
otomy may jeopardize the possibility of future pregnancy, saline-induced abortion
may be preferable. An intriguing observation of this study was the presence of a j3-
galactosidase isoenzyme in brain from the Gmi fetus. This isoenzyme was clearly
different from the disease-specific enzyme and was not present in fetal Gnii liver or
kidney or in postnatal type I Gmi brain. This finding may indicate the presence of a
tissue and age-specific (3-galactosidase isoenzyme.
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Kg. 1. Scheme for chemical analysis of fetal brain.

Introduction

Recent advances in understanding the biochemical ab-
normalities of inherited diseases have encouraged the
monitoring of high risk pregnancies by amniocentesis
to insure the birth of a phenotypically normal individ-
ual. A critical factor in this process is the ability to
confirm the prenatal diagnosis in the aborted fetus.
The majority of therapeutic abortions for genetic indi-
cations in this hospital are performed by intrauterine,
hypertonic saline infusion. The saline infusion results
in severe fetal maceration. Because control biochemi-
cal data from such fetuses are scarce, confirmation of
the prenatal diagnosis might be obscured.

The sphingolipidoses are among the inherited dis-
eases amenable to prenatal diagnosis [7]. In the pres-
ent study we have established control values from
chemical and biochemical analyses in saline- and non-
saline-aborted fetuses. The application of these
methods has led to the confirmation of the amniocen-
tesis-derived diagnoses in two cases of Tay-Sachs dis-
ease and in one case of Gmrgangliosidosis type I.

Materials

Fetuses were obtained from saline abortion or hys-
terotomy and the tissues were removed and frozen
(-80°) within 30 min.

Methods

Chemical analyses. Brain (forebrain) was extracted
as shown in Figure 1 according to previous methods

[19, 21]. Lipid-bound NAN A was determined by the
method of Svennerholm [20]. The ganglioside pattern
was established by thin layer chromatography and in-
dividual fractions were identified by iodine vapor, iso-
lated, and quantitated by NANA assay. Total lipid
hexose [3] and sulfatide [11] were measured in the
lower phase as described previously.

Enzyme analyses. Arylsulfatase A [2, 16] (metachro-
matic leukodystrophy), hexosaminidase [8, 15] (Tay-
Sachs disease), and /3-galactosidase [14] (Grrii-gangliosi-
dosis) were assayed according to previous methods.
Liver, kidney, and brain (forebrain) were homogenized
in 10 volumes 0.05 M sodium phosphate-citric acid, pH
4.5, and centrifuged (4°) at 1,000 x g for 10 min. The
resulting supernatants were used for enzyme analyses.
Protein was determined by the method of Eggstein and
Kreutz [4].

Gel Electrophoresis

Hexosaminidase and /3-galactosidase isoenzymes
were examined by cellulose-acetate gel electrophoresis
as described previously [18]. The appropriate deriva-
tives of 4-methyl umbelliferone [24] were utilized as
enzyme substrates. After incubation of gels overlayed
with substrate-saturated filter paper at 37°, the gels
were sprayed lightly with 0.25 M glycine-sodium car-
bonate buffer, pH 10.7, and areas of enzyme activity
could be visualized under ultraviolet light as fluores-
cent zones.

Results

Chemical Analyses

The water content of the brain was 88.3-91.5%
(Table I). There was no difference in this regard be-
tween saline-aborted fetuses and the nonsaline-aborted
fetuses. Values for glycolipid hexose (lower phase)
were similar in the nonsaline and saline fetuses. The
glycolipid hexose values from the pathologic cases
agreed with those from the control cases. Values for
the sulfatides were 0.5-0.9 mg/g dry wt in the saline-
aborted fetuses and 0.2-0.4 mg/g dry wt in the hysterot-
omy-aborted fetuses. The lower values in the latter
group may represent age differences. Sulfatide levels
were also below the saline-control range in the Tay-
Sachs and Gnii-gangliosidosis brains. Lipid-bound
NANA values from the affected fetuses were near the
upper limit of the control range.

The pattern for the major gangliosides, assayed as
NANA, is compared in Table II. Control values for



814 PERCY ET AL.

Table I. Cerebral sphingolipid concentrations from human fetal brains

Control fetuses Tay-Sachs disease Generalized

Water, %

Glycolipid hexose, mg/g dry wt

Sulfatide, mg/g dry wt

Total lipid NANA,2 mg/g dry wt

Saline-aborted
fetuses1

(16-26 wk)

88.5-90.5

4.1-5.0

0.51-0.86

1.1-3.3

Nonsaline-aborted
fetuses1

(12-14 wk)

88.8-91.5

3.0-6.7

0.23-0.39

1.3-3.1

Case 1
(22 wk)

88.9

4.5

0.45

3.2

CaseZ
(21 wk)

89.6

3.5

0.25

2.7

gangliosidosis
type I
(22 wk)

88.3

4.0

0.30

2.8

1 Three fetuses.
2 NANA: iV-acetyl neuraminic acid.

Table II. Distribution of gangliosides from human fetal brains1

Saline-aborted
fetuses9

Tay-
Sachs
case 1

Tay-
Sachs Gmi
case Z

Gestational age, wk 16-26 22 21 22
Gm,, molar % 6 (4-9) 40 35 9
Grru, molar % 21 (17-24) 13 15 35
GDla + GDlb + GT1, 72 (70-77) 47 50 56

molar %

1 Control values represent mean and range for each group.
GDla and GDlb: major disialogangliosides; GT1: major trisi-
aloganglioside.
2 Three fetuses.

Feial Patterns
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Fig. 2. Thin layer chromatogram of ganglioside pattern in fetal
brain. Equivalent amounts o£ lipid-bound iV-acetyl neuraminic
acid were applied in each lane.

saline- and nonsaline-aborted fetuses are in general
agreement. The significant features in the diseased fe-
tuses (Table II and Fig. 2) are the increase in the
disease-related ganglioside, this is, Gm2 in Tay-Sachs
disease and Gm^ in Gmrgangliosidosis, and a moder-

ate decrease in the more complex gangliosides. In the
Tay-Sachs fetuses, Gm2 is increased five to six-fold
above control values. Our Gm2 control values agree
with those of Navon and Padeh [12], but are approxi-
mately twice those reported by O'Brien et al. [13]. The
Gmx level in the Gmrgangliosidosis fetus was in-
creased by nearly 100%. In all three pathologic cases,
there was a reduction of di- and trisialic acid (NANA)
gangliosides when compared with the saline or nonsa-
line control values.

Enzyme Analyses

The specific activities of ARA, /3-galactosidase, and
hexosaminidase, as well as values for hexosaminidase
A (defined by heat inactivation), are presented in
Table III for liver, kidney, and brain. In each tissue
the values for ARA and /3-galactosidase were similar in
saline- and hysterotomy-aborted tissue. Hexosamini-
dase-specific activities were greater in hysterotomy-de-
rived tissues than in saline-aborted tissues. However,
hexosaminidase A, by heat inactivation, was similar in
each tissue. In the liver and kidney from the Tay-Sachs
fetuses, hexosaminidase activities agreed with control
values for saline-aborted fetuses, whereas values from
Tay-Sachs fetal brain were slightly greater than con-
trol values for saline-aborted fetuses. Hexosaminidase
A activity was virtually absent in Tay-Sachs liver and
kidney (Table II). The ARA and /3-galactosidase spe-
cific activities of fetal Tay-Sachs tissues were within
control ranges. In tissues from the Gmrgangliosidosis
fetus, /3-galactosidase activity was markedly reduced
whereas values for the other enzymes agreed with con-
trol values.

Because of high percentage of heat-inactivatable
hexosaminidase found in the Tay-Sachs fetal brain, the
hexosaminidase isoenzymes were examined by cellu-
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Table III. Hydrolase specific activities in fetal liver, kidney, and brain

Control fetuses1

Saline-aborted Hysterotomy
Tay-Sachs

case I
Tay-Sachs

case 2 Gmi

Liver
Arylsulfatase A, sp act2

/3-Galactosidase, sp act2

Total hexosaminidase, sp act2

Hexosaminidase A, %3

Kidney
Arylsulfatase A, sp act2

/3-Galactosidase, sp act2

Total hexosaminidase, sp act2

Hexosaminidase A, %3

Brain
Arylsulfatase A, sp act2

/3-Galactosidase, sp act2

Total hexosaminindase, sp act2

Hexosaminidase A, °/c
3

23-67

106-665

2,198-3,051

35

13-21

310-397

2,376-5,001

36-47

13-24

77-81

406-658

60-62

40-51

134-375

3,209-3,429

33-41

11-20

505-934

4,015-9,103

20-58

1-16
66-184

737-125S

66-75

46
206

2,394

5

5
330

2,145

4

34

121*
839"

50*

47
269

2,338

2

3
349

2,241

2

6
81

1,160
42

35
20

1,608
22

36
29

2,354

26

5

42
758
53

PET;,:. BRAfiN H£XOSA|U&IDASi

1 Three fetuses.
2 Specific activities are expressed in nanonioles of substrate cleaved per milligram of soluble protein per hour and represent the aver-
age of at least three determinations.
3 Hexosaminidase A is expressed as percentage of heat inactivation at 52°.
4 Represents values obtained from cerebellum.

may be explained by failure to achieve optimum con-
ditions for heat-inactivation using brain extracts. The
critical importance of these conditions is well known
[8]. Brain /?-galactosidase values in the Gmx fetus were
about 50% of control values. When aliquots of brain
were examined by gel electrophoresis, isoenzymes A
and B were not visualized. A zone of fluorescence was
visible at the origin and apparently accounts for /3-ga-
lactosidase activity in Gmj brain. None of the /3-galacto-
sidase isoenzymes could be visualized in kidney or liver
extracts from the Gmj fetus [10].

Comment

The confirmation of amniocentesis-derived diagnosis
in aborted fetuses is an important aspect of genetic
counseling. Saline-induced abortion offers advantages
over hysterotomy, as evidence exists that this latter
procedure may jeopardize the possibility of future
pregnancies [23]. The present study compares chemical
and biochemical data from saline- and nonsaline-
aborted fetuses. Sphingolipid analyses from brain
yielded similar results in each group with the excep-
tion that sulfatide values were lower in the nonsaline
group. This discrepancy could be explained by age
differences, inasmuch as the nonsaline group was
aborted earlier in gestation.

The values for lipid-bound hexose and lipid-bound-
NANA compare favorably with Svennerholm's data

Csiitro1 • T|i>.-Sjchr:

Fig. 3. Cellulose-acetate gel electrophoresis of hexosaminidase
isoenzymcs (see Methods). Hexosaminidase A isoenzyme is absent
in brains of fetuses with Tay-Sachs disease. Hexosaminidase A is
disease-related isoenzyme in Tay-Sachs disease.

lose-acetate gel electrophoresis. In each Tay-Sachs
fetus, the hexosaminidase A band was absent in brain
(Fig. 3), liver, and kidney. The apparent discrepancy
between the enzyme analysis and gel electrophoresis
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[21]. The ganglioside distribution, in terms of molar
percentages of the major gangliosides, also agrees with
published values [22]. Enzyme data obtained from
fetal liver, kidney, and brain provided an interesting
comparison of the two groups of abortuses (Table III).
The specific activities of the three enzymes assayed
were generally similar in the two control groups. Aryl-
sulfatase A was of special interest because the specific
activities were rather low in both the saline and nonsa-
line group. Fetal values were 10-20% of those from
postnatal tissues, that is, the fetal values would be near
the "disease" range for metachromatic leukodystrophy
if compared to postnatal tissues only [1]. Previous in-
formation has indicated that the specific activity of
arylsulfatase A increases dramatically with maturation
[5, 6, 9, 17]. Failure to consider that arylsulfatase A is a
developmental enzyme could lead to false conclusions
in the course of evaluating a suspected fetus for meta-
chromatic leukodystrophy.

During this study, we had the opportunity to exam-
ine tissue from two saline-aborted fetuses with the am-
niocentesis-derived diagnosis of classical Tay-Sachs dis-
ease and one with the diagnosis of Gmrgangliosidosis
type I. We were able to confirm these diagnoses on
analytic and enzymatic grounds. The utilization of sa-
line-aborted tissues for studies of this type is clearly
feasible and in view of the acknowledged limitations
of hysterotomy, would seem preferable where future
pregnancies are contemplated.

Summary

Chemical and biochemical variables of the sphingolip-
ids were compared in saline- and hysterotomy-aborted
tissues. In general, the data were similar in liver, kid-
ney, and brain, respectively, in each group and sup-
port the utilization of saline-aborted tissue for the con-
firmation of amniocentesis-derived diagnosis. It is sug-
gested that this form of abortion may be preferable
since hysterotomy abortion may endanger the success-
ful completion of future pregnancy.

These data provided the basis for confirmation of
the antenatal diagnosis of two fetuses with Tay-Sachs
disease and one with Gmx-gangliosidosis type I. In the
last fetus, an unusual brain /J-galactosidase isoenzyme
was noted, and it is suggested that this isoenzyme may
be both a tissue and age-specific /?-galactosidase.
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