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Fmber’s lipogranulomatosis is a rare dis- 
order of infants and children with unique 
cliniwl and pathological features. Most of the 
available information a b u t  this disease has 
been reviewed recently( 1 ) .  Eight cases have 
been reported; the fact that two of the pa- 
tients were sibs suggests that the disorder is 
genetically determined. The pathological find- 
ings include striking g r a n u l m t a  of pmiartic- 
ular and sulbcutaneous tissues and a neuronal 
storage process. The granulomata contain a 
variable number of foam cells. Histochemical 
studies suggest that both the foam cells and 
the involved neurons contain glycolipids, al- 
though one group of investigators concludes 
that there was polysaccharide accumulation 
on the !basis of a study of formalin-fixed 
paraffin-embedded sections ( 2 ).. Uzman et QZ 
performed biochemical anailyses and reported 
the accumulation of a lipoglymprotein( 3 ) .  

The pathogenesis of Farber’s lipogranulo- 
matosis is unresolved. Crwker et aZ(1) have 
emphasized that there appear to be two seem- 
ingly unrelated elements: “a proliferative in- 
filtrative process . . . in the skin, subcutane- 
ous tissues, tendons anld viscera, and also an 
apparently intrinsic nervous system handi- 
mp.” The first element would tend to place 
the disorder in the category of the histiocy- 
toses, while the neuronal storage process sug- 
gests an inlbolrn error of metabolism, as in 
the lipidoses. Resolution of this problem re- 
quires a decision as to whether lipid accumu- 
lation is the cause of the granulomata or is 

secondary to some other factor which causes 
tissue proliferation and breakdown. 

We will present biochemical analyses of 
post-mortem tissues from a patient with Fa- 
ber’s lipogranuhnatosis. We found a marked 
excess of ceramide both within granulomatous 
lesions and in visceral organs in which thme 
was little or no granuloma farmatian. There 
was also a moderate accumulation of gangli- 
oside. These findings suggest that lipid a m -  
mulation in Farber’s lipogranulomatosis is a 
primary event and that the syndrome should 
be classified as one of the lipidoses. 

Material and methods. A patient (MGH 
Case #132-2440)  with the typical clinical 
and pathological features of Farber’s 1ipogra.n- 
ulmatosis died when she was 1 1  months o1d.t 
Tissues from this patient and suitable controls 
were taken at the time of the autopsy and 
stored a t  -5OOC. The fallowing colntroll 
mmples were available: liver, 7 samples from 
patients varying in age from 4 months to 9 
years; kidney, 2 and 3 years; lymph node, 5 
samples from patients varying in age from 
5 days to 4 years; lung, 10 weeks, 6 years. 

The tissues were extracted, ptiticmed, the 
gangliosides concentrated and the neuraminic 
acid (NANA) estimated by the methods de- 
scribed !by Suzuki (5).  Lipid hexose was esti- 
mated by a modification of the orcinol method 
of Sgrensen and Haugaard (6) , and chloro- 
form: methanol extractable protein was deter- 
mined by the method of h r y  et aZ(7). 

To measure liver mucopolysac&a.ride con- 
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t The ocular changes in this patient have al- 
ready been pulblished(4); la report of the olinid 
and pathol’ogical features is being prepared. 
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tent, the defatted tissue was digested with 
pronase and dialyzed. The acid polysaccha- 
rides were then precipitated with cetylam- 
monium bromide( 8), and the glucuronic acid 
content was measured(9). For tissues such 
as lymph node where only small quantities 
were available, precipitation with cetylam- 
monium bromide was omitted. 

Isolation and identification of the major 
tissue ganglioside. Gangliosides were separated 
on 0.25 mm silica gel G plates using a solvent 
system of n-butano1:acetic acid:water 60: 20: 
20 (V/V/V), and rechromatographed on a 
similar plate developed in n-propanol :water 
7:3 (V/V). T’he major ganglioside component 
was eluted from silica gel in methano1:water 
4:1, and its molar composition determined. 
NANA was estimated on aliquots prior to 
hydrolysis. The mmple was hydrolyzed with 
a mixture of methanol, hydrochloric acid and 
water(l0) for 18 hours a t  95°C. The hydro- 
chloric acid was evaporarted in the presence of 
to1uene:absolute ethanol 50: 50 (V/V)  and 
the residue was taken up in either chloroform 
or methano1:witer 4: 1 (V/V)  . An enzymatic 
method using hemkinase and glucose-6-P 
dehydrogenase was found to be the most 
desirable method of evaluating the amount of 
glucose present in the hydrolyzate. The ratio 
of glucose tu gal<xtose and to amine sugars 
was determined by gas chromatographic 
techniques ( 1 1 ) . Sphingosine was estimated 
by the method of Lauter and Trams ( 1 2 ) .  

Isolation and identification of ceramide. 
Ceramide was sepzrated from other sphin- 
golipids by chromatography on Florisil col- 
umns using 40 cc of solvent per gram of 
Florisil. In  the elution scheme: hexane, hex- 
ane: diethyl ether 7 5 : 2 5 (V/V) , hexane, 
chloroform, chloroform: methanol 19 : 1 (V/ 
V) ,  chlorofarm:methanol 2 : l  (V/V), the 
compound was contained entirely in the 
ch1oroiform:methanol 19: 1 fraction. With the 
exception of the diethyl ether, all solvents 
were redistilled prior to use. 

Three solvent systems were used for 
chrmatography of this ceramide fraction on 
0.5 mrn silica gel G plates: I. chloroform: 
methanol : glacial acetic acid 192 : 5 : 8 (V/V/ 
V)  ; 11. ch1oroform:methanol 95: 5 (V/V) ; 
111. ch1arofmn:methanol:water 96: 28:3 (V/ 
V/V). All the spots found when material from 

the patient’s liver was chromatographed in 
solvent system I were individually eluted from 
preparative thin layer plates; authentic ce- 
ramide derived from galactocerebroside was 
treated in the same manner. The material was 
hydrolyzed, the fatty acids extracted in hexane 
and the sphingosine content of the residue 
determined. Fatty acids were chromatog- 
raphed on thin layer plates wing the solvent 
systems suggested by Eng et aZ(13). Paper 
chromatograms developed in ethylacetate: 
pyridine: water 120: 50: 40 (V/V/V) and 
stained with silver nitrate were used to deter- 
mine if sugars were present in the hydmlyzate, 
while the presence of ninhydrin-positive bases 
was established by chromatograpihing the 
residue on 0.5 rnm silica gel G plates developed 
in chloroform: methanol : 2N ammonia 160: 
40: 4 (V,/V/V) . 

All the spots from the 19:l chloroform: 
methanol fractior. of the patient’s liver which 
were shown to contain sphingosine as well as 
those spots derived from authentic ceramide 
were further purified by desalting on Sephadex 
(14) and then passing the eluate through 
silica gel G colums and eluting with chlruro- 
form followed by 19 : 1 chloroform: methanol. 
The hfrared spectrum of the material ob- 
tained from each spot was then determined. 

Results. Liver tissue taken from the patient 
who died of Farber’s disease showed some in- 
crease in all forms of sphingolipid (Table I) ’ 
as well as a slight elevation in mucoplysac- 
charides. However, only ganglioside and 
ceramide were found to be elevated in all the 
tissues studied and the increase in gangliosides 
paralleled the degree to which the tissue was 
invaded by foam cells. The most prominent 
ganglioside spot in liver, lymph node and 
nodule on thin layer chromztography plates 
had the Rf values described for hematoside 
( 5 ) .  In liver prepxations this spot was found 
to contain sphi n p s i  ne-glucose-gal ac t ose and 
NANA in the following ratio: 1.05 : 1 .OO: 1.15 : 
0.91 ; no amine sugars were detected. It was 
concluded, therefore, that this substance was 
an hematoside. Hematoside was found to ac- 
count for 61.570 of the ganglioside NANA in 
the patient’s liver and 61.6t6.5$ of the 
ganglioside NANA in five normal livers. Thus, 
no single ,mglioside appeared to be dis- 
proportionately increased. 
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The presence of an excessive amount of 
ceramide in the patient’s tissues was sus- 
pected after chromatographing lower phase 
lipids in c h l m f m  : methanol 95 : 5 (V/V) . 
The identity of the cerarnide was established 
after i t  was imlahed f m  other sphingolipids 
on Florisil columns; the 19: 1 chloroifom: 
methmol h o t i o n  derived h m  this column 
was essentially free af hexose and phosphorus. 
Material Ibkm h r n  this frmtion was shown 
to contain, 4 major spots when chma- 
tographed on thin layer plates in solvent 
system I: spot A ,  Rf 0.63; B, Rf Q.39; C, Rf 
0.33; D, Rf 0.13. The identity of spot A is 
unknown. However, i t  is also present in con- 
siderable amount in control tissue. The re- 
maining spots contained d 1  the sphingosine 
found in this fraction in the following propr-  

spots B and D were identical to those of 
authentic cerarnide in the 3 solvent systems 
used. Upon hydrolysis, spots B and C a p  
peared to contain normal fatty acids and spot 
D hydroxy-fatty acids; none of the 3 spots 
contained hex-. The infrared s p t r a  of the 
material in these spots was similar to that ob- 
tained from the authentic cmamide d 
agreed with the s w r a  previously published 
far this campound(( 15) .  

The aacumulation of ceramide was the 
most pronounced biochemical abnormality 
since this campound: which is generally found 
only in trace mounts in n m a l  tissue, ac- 
counted tor as much as 13% of the lipid in 
the patient’s organs. However, the increase in 
ceramide did not clearly parallel the presence 
of foam cells since the biochemical abnor- 
mality was most severe in the liver which was 
only mildly involved histologically, and was 
significant in the kidney where no foam cells 
were seen. 

Samples of liver from this ptienk and fm 
4 controls were submitted to Drs. J u l i a  
Kanfer and Roscoe Brady who found that 
mramidase, galacto- and glum-cerebrosidase 
and s p h i n p y e l h a s e  mtivity were wifthiin 
normal ilimits. 

Discussion. It is likely that the glycollipid 
within the fmm cells orf the granulomatous 
lesions is a ganglioside. This conclusion is 
based ujpn the fact that the ganglioside con- 
centration was increased to a grater  extent 

t ioln~:  B + C, 89.9; D, 10.1. The Rf values of 
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than that af other glycolipids or polysa& 
rides, and in the tissues studied the degree of 
ganglioside excess appears to correlate with 
the amount of glycolipid accumulation seen in 
the tissue s e ~ t i ~ n ~ .  The most striking abnor- 
mality was found in the subcutaneous nodule 
in which the ganglioside concentration was 
equal to that of normal brain gray matter. 

Unlike what has been oberved in Tay- 
Sachs disease( 16), Hurler’s syndrome ( 17) or 
generalized gangliosidosis ( 18) , the ganglioside 
pattern in Farber’s disease was not abnormal. 
This observation m d e  it unlikely that there 
was a primary disturbance of ganglioside 
metabolism, and mused us to search for other 
biochemical abnormalities. The striking and 
consistent excess of ceramide suggests that 
this represents, or is closely related to, the 
primary biochemical disturbance. The ce- 
ramlide excess has esca-ped detection histo- 
chemically, probably because this molecule 
lacks groups with specific staining reactions. 

The biochemical basis for the accumulation 
of ceramide is unknown. The marked ceramide 
excess, combined with a moderate accumu- 
lation of gangliosides, and a slightly elevated 
cerebrmide mnceqtration, suggested that this 
disorder might be the result of a ceramidrase 
deficiency. However, Kanfer and Brzdy have 
assayed this enzyme in the post-mortem liver 
of our patient, 2nd found its activity to be 
normal. This makes it unlikely that the 
ceramide accumulation is due to a deficiency 
of this degradative enzyme, although one 
cannot rule out the existence of other, as yet 
undescribd, ceramidases which may not have 
been included in this enzymatic assay. Other 
pathogenetic mechanisms, such as the oc- 
currence of an abnormal ceramide, or the 
deficiency in a lipid-protein linkage analogous 
to the defective mucopolysaccharide-protein 
linkage postulated in Hurler’s disease( 19), 
are k i n g  investigated. 

Summary. An 3nalysis of the lipids of vari- 
ous organs of an ll-month-old female dying 
of Farber’s Disease indiated a marked in- 
crease in ceramide varying from 8 times nor- 
mal in the kidney to 66 times normal in the 
liver. Ceramide made up 13% of the liver 

lipids. There was also a slight increase in other 
lipids in the liver, but aside from the ce- 
ramide, only the gangliosides were increased 
in all organs tested. The increased ganglimide 
was more marked in subcutaneous nodule and 
varied proportionally with the number of foam 
cells seen in the tissue. The mechanism by 
which these lipids are stored in Farber’s 
Disease remains to be determined. 
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