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SUMMARY: Galactosylsphingosine (psychosine) in somatic organs 
from a patient with globoid cell leukodystrophy and from the 
twitcher mouse, an animal model of human globoid cell leuko- 
dystrophy was assayed. There was an abnormal accumulation of 
galactosylsphingosine as in nervous tissues• albeit the concen- 
trations being lower than those in nervous tissues. Galacosyl- 
sphingosine accumulation in the kidney of the twitcher mouse 
increased with age. These findings indicate that globoid cell 
leukodystrophy is a generalized galactosylsphingosine storage 
disease. ~ 1987 Academic Press, Inc. 

Globoid cell leukodystrophy (Kr~bbe's disease• GLD) is a 

neurological disorder of infancy caused by a genetic deficiency 

of galactosylceramidase (EC 3.2.1.46) (1). I t  has long been a 

mystery as to why galactosylceramide does not accumulate in the 

GLD brain, despite block of the degrading pathway. In 1980, 

Svennerholm et al (2) demonstrated an accumulation of galactosyl- 

sphingosine , a deacylated form of galactosylceramide, in the GLD 

brain. These discrepancies have been resolved by the recent 

observation that there are two enzymes that hydrolyze galactosyl- 

ceramide and that only one (galactosylceramidase I) is deficient 

in GLD (3). Galactosylsphingosine• however, is hydrolyzed by 

only galactosylceramidase I but not galactosylceramidase I I .  We 
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devised a sensitive method for the assay of galactosylsphing- 

sine, and found an abnormal accumulation of this compound in the 

nervous tissue, particularly in the peripheral nerve, of the 

twitcher mouse, a murine model of human GLD (4,5). We have now 

obtained evidence for the accumulation of galactosylsphingosine 

not only in nervous tissues but also in somatic organs in the 

twitcher mouse and from a patient with GLD. 

MATERIALS AND METHODS 

Galactosylsphingosine, glucosylsphingosine, o-phthalaldehyde 
were purchased from Sigma, St. Louis, MO, and ion exchange resins 
(AG 50 x 8, 200-400 mesh, hydrogen form and AG l x 2, 200-400 
mesh, acetate form) were from Bio-Rad, Richmond, CA. 

A colony of the twi tcher mouse has been maintained in our 
laboratory. The genetic status of individual mice was determined 
by assays of galactosylceramidase a c t i v i t y  in the clipped t a i l  
(6). Af ter  decapitat ion, the t issues were dissected, the wet 
weights measured and the samples kept at -20 °C unt i l  use. 
Tissues from a pat ient with GLD were obtained at autopsy and were 
kept at -80 °C. Just before use, samples were cut and wet 
weights were measured. Protein content in the homogenate of 
t issues in a solut ion of chloroform-methanol ( 2 : l , v / v )  was 
measured by the method of Lowry et al (7) a f ter  evaporating the 
solvent by placing at room temperature for  24 hours. 

Assay of galactosylsphingosine in the tissue was performed 
as described (4). In brief, total lipids were extracted from 
tissues by chloroform-methanol (2: l ,v/v), which was then adsorbed 
in a column of AG 50 x 8. Cationic lipids were eluted by 0.4 M 
CaCl~-methanol ( l :3,v/v). Hydrophilic materials were then 
removed by Sep-Pak Cl8 cartridge. The isolated galactosylsphin- 
gosine was coupled with o-phthalaldehyde, which was passed 
through AG 50 x 8 and AG l x 2 columns. The final sample was 
introduced to a high performance liquid chromatography, which 
consisted of a silica-gel column (Chemcosorb, 250 x 5.2 mm) and a 
solvent system of a gradient elution from 0 to 45% ethanol-water 
(lO0:2,v/v) in hexane for 30 min with a flow rate of 1.5 ml/min. 
Fluorescence was detected at an excitation of 335 nm and emission 
of 420 nm. The amount of galactosylsphingosine was determined by 
a ratio to the amount of glucosylsphingosine which was included 
in the in i t ia l  l ipid solution, as the internal standard. With 
this assay system, galactosylsphingosine in the tissue can be 
accurately measured in the range of 0.5-750 ng. 

RESULTS 

Glucosylsphingosine was not detected in any organ from 

normal, carrier and twitcher mice. Therefore, glucosylsphingo- 

sine could serve as the internal standard. Galactosylsphingosine 

was not detected in l iver, spleen, kidney and lung from normal 
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Table I.  Galactosylsphingosine concentration in various tissues 
of the 31st postnatal day twitcher mouse 

ng/lO0 mg tissue ng/mg protein 

Liver 148 0.6 
52 0,3 

Spleen 178 ll.O 
148 9.5 

Lung 42 2.8 
46 3.3 

Kidney 124 8.7 
148 l l .5  

Cerebrum 423 61.5 
538 66.5 

Spinal cord 2451 312 

Sciatic nerve 3671 367 
3833 391 

Tissues were excised from two twitcher mice and galactosylsphin- 
gosine was assayed as described in the text. 

and carr ier mice of up to 12 postnatal weeks. In the twitcher 

mouse, galactosylsphingosine was detected in al l  the tissues 

examined (Table l ) .  The concentration of galactosylsphingosine 

was several times higher in the nervous tissues than in the 

somatic organs. Among the somatic organs, galactosylsphingosine 

accumulated in larger amounts in the spleen and kidney than in 

the l i ve r  and lung and the accumulation in the kidney increased 

with age (Table 2). In the kidney and l i ve r  from a patient with 

Table 2. Galactosylsphingosine concentration in the kidney of 
twitcher mice of various ages 

Days after ng/lO0 mg tissue ng/mg protein 
birth 

I I  16 1.9 

21 48 3.8 

31 124 8.7 
148 l l .5  

37 242 24.2 
286 37.0 

Galactosylsphingosine was assayed in kidneys from one or two 
twitcher mice of various ages. 
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Table 3. Galactosylsphingosine concentration in tissues from a 
patient with globoid cell leukodystrophy 

ng/lO0 mg tissue ng/mg protein 

Liver 45 3.5 

Kidney 77 5.4 

Galactosylsphingosine was never detected in the liver and kidney 
of control subjects. 

GLD, there was also an accumulation Of galactosylsphingosine 

(Table 3). In organs from control patients with no metabolic 

disease, galactosylsphingosine was never detected. 

DISCUSSION 

Galactosylsphingosine is cytotoxic and when injected into 

the tat brain, hemorrhagic and necrotic lesions occur (8). This 

compound induces hemolysis when incubated with red cells (9). 

These cytotoxicities are partly due to the inhibition of mito- 

chondrial functions of the cell ( ]O,l l ) .  In GLD, the patho- 

logical changes are mainly ascribed to the accumulation of 

galactosylsphingosine in the tissue, because the concentration of 

galactosylsphingosine in the twitcher mouse correlates well with 

the pathological changes; in the tissue containing higher 

galactosylsphingosine concentration, severer and earlier patholo- 

gical changes are observed (4). The lesions are confined to the 

central and peripheral nervous tissues and somatic organs are 

morphologically intact, except for the presence of inclusion 

bodies at the ultrastructural level (12). Therefore, galactosyl- 

sphingosine accumulation has been demonstrated only in the 

nervous tissues (2,4,13). Using a sensitive assay method, we 

obtained evidence that galactosylsphingosine accumulates not only 

in nervous tissues but also in somatic organs from the twitcher 

mouse and from a patient with GLD. The increase of galactosyl- 
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sphingosine accumulation with age was observed in the kidney, as 

is the case in the nervous tissue of the twitcher mouse. These 

findings indicate that GLD is a generalized galactosylsphingosine 

storage disease. From the present study, galactosylsphingosine 

is apparently not toxic at the concentration of less than 286 

ng/lO0 mg tissue or 37 ng/mg protein because no destructive 

changes were observed in somatic organs of the twitcher mouse or 

from patients with GLD (1). In fact, we found a normal occur- 

rence of galactosylsphingosine in the spinal cord of the mice 

(less than 37 ng/lO0 mg tissue at the 30th postnatal day) (4). 

I t  is unknown how galactosylsphingosine is synthesized or 

from where i t  is derived, in the tissue in cases of GLD. In 

somatic organs of the twitcher mouse, the abnormal accumulation 

of galactosylceramide has been reported (14), and was considered 

to be originated from nervous tissues (15). Galactosylsphingo- 

sine may possibly be converted by deacylation from galactosyl- 

ceramide but such a metabolic pathway has not been demonstrated 

or i t  may be transported from the nervous tissues as is galacto- 

sylceramide. The confirmed pathway for the synthesis of galacto- 

sylsphingosine is from sphingosine and UDP-galactose (16). This 

has been shown in the brain of rat and guinea pig. In the same 

manner as in the brain, galactosylsphingosine may be synthesized 

from sphingosine in the somatic organ. The abnormal accumulation 

of galatosylsphingosine in the GLD tissue is presumably the 

result of a metabolic block by deficiency of i ts hydrolytic 

enzyme. The formation in GLD, when elucidated, will lead to a 

better understanding of the pathogenesis of GLD. 
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