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Summary

Familial erythrophagocytic lymphohistiocytosis (FEL) is an au-
tosomal recessive disease of unknown pathogenesis. Because of
evidence of increased circulating and hepatic lipids in FEL, we
performed a comprehensive analysis of the hepatic lipids of a
patient with this disease. In contrast to normal qualitative char-
acteristics and to normal or only mildly elevated concentrations of
total lipids, neutral lipids, phospholipids, and neutral glycosphin-
golipids, this study reports a significant elevation of acidic glyco-
sphingolipids, gangliosides (387 versus 147 nmole lipid-bound sialic
acid/g wet weight, patient versus control). This quantitative ab-
normality was unusual in that it included disproportionately in-
creased concentrations of most of the minor hepatic ganglioside
species rather than either a marked increase in one single or a
generalized nonspecific increase in all gangliosides, which is char-
acteristic of known disorders exhibiting hepatic ganglioside stor-
age. Activities of the hepatic lysosomal glycosylhydrolases which
are important in ganglioside metabolism were therefore assessed
by using artificial substrates. Of the enzymes tested, S-galactosid-
ase activity alone was remarkable, being moderately reduced (33%
of that of the normal liver); no biochemical explanation for the
reduction was found. The findings suggest FEL may be associated
with a unique quantitative and qualitative abnormality in hepatic
gangliosides, the cause of which remains to be elucidated.

Abbreviations

FEL, familial erythrophagocytic lymphohistiocytosis
GLC, gas liquid chromatography

LBSA, lipid-bound sialic acid

TLC, thin layer chromatography

FEL, first described by Farquhar and Claireaux (7), is an
autosomal recessive disorder which is usually rapidly fatal in early
childhood (8, 38). Clinical findings in FEL include anorexia,
hepatosplenomegaly, jaundice, thrombocytopenia, and liver dys-
function (7, 8, 34, 38). Although the pathogenesis of FEL is not
understood, lymphobhistiocytic infiltration with marked erythro-
phagocytosis in multiple organs is a uniform autopsy finding.

Recently, hyperlipidemia (22, 24, 26) and a consistent pattern
of immunodeficiency (22, 24), including plasma-mediated inhibi-
tion of lymphocyte proliferation in vitro, have been shown to be
characteristic of FEL. The association between hyperlipidemia
and plasma immunoregulatory activity in the four patients we
studied suggested a possible role of abnormal lipid metabolism in
the pathogenesis of this disease (22). Coupled with pathologic
evidence of lipid accumulation in the liver of FEL patients (7, 38),
the results suggested that a comprehensive study of hepatic lipids
might constitute a direct approach to elucidating a potential lipid
abnormality in this disease. We report herein the results of a

systematic analysis of hepatic lipids and an unusual abnormality
in the acidic glycosphingolipids, gangliosides, in a patient with
FEL whose immunologic function we have previously studied
(22).

MATERIALS AND METHODS

Total lipids. Liver samples of the 3-year-old patient and a
normal, previously healthy, adult control (accident victim) were
obtained within hours of death and stored at —70°C until studied.
Total lipids were isolated by the method of Folch er al. (9) and
separated by silicic acid column chromatography (6) into three
major fractions (neutral lipid, neutral glycosphingolipid, and phos-
pholipid). The fractions were dried in vacuo, quantitated gravi-
metrically, and spotted on precoated 250 micron-thick TLC plates
(E. Merck, Darmstadt, W. Germany) activated for 1 hr at 110°C.
Silica Gel G plates were used for TLC of the neutral lipids and
glycosphingolipids and Silica Gel H plates (no CaSO, binder) for
TLC of the phospholipids. Neutral lipids were developed in
petroleum ether:diethyl ether:acetic acid (90:10:1, v/v/v) and gly-
cosphingolipids and phospholipids in chloroform:methanol:water
(100:42:6, v/v/v). Plates were visualized with iodine vapor for
preparative TLC and with the appropriate spray reagents for
qualitative TLC analysis (43).

Cholesterol was quantitated colorimetrically (1). Triglycerides
were isolated by preparative TLC and subjected to methanolysis
to obtain methyl esters of the individual component fatty acids
(6). These were identified and quantitated by gas liquid chroma-
trography (GLC) (2) using methyl arachidate as the internal
standard. The total molar fatty acid concentration was divided by
3 to calculate the molar triglyceride concentration. The composi-
tion of individual hepatic triglyceride species was determined by
direct probe low-resolution mass spectrometry (16). Distribution
of triglyceride species was calculated from the ion intensities of
their characteristic mass fragmentation patterns (16). The average
triglyceride molecular weight of 850 determined from these data
was used to convert the molar values obtained by GLC into weight
units.

Gangliosides and other glycoconjugates. A total lipid extract of
liver tissue for ganglioside quantitation was obtained by the
procedure of Ledeen and Yu (27). Gangliosides were measured as
LBSA by the modified resorcinol assay (27). Gangliosides were
purified by the Suzuki modification (45) of the method of Folch
et al. (9), followed by Sephadex G-50 gel filtration to remove low
molecular weight contaminants (27) before determining their thin
layer chromatographic patterns. TLC was performed on pre-
coated HPTLC Silica Gel 60 plates (E. Merck, Darmstadt, W.
Germany). The plates were developed in chloroform:
methanol:0.25% aqueous CaCl,-2H,0(60:40:9, v/v/v) (27) and
visualized with resorcinol-HCI spray reagent. Gangliosides were
identified by the nomenclature of Svennerholm (48).
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Qualitative analysis of hepatic oligosaccharides in aqueous liver
homogenates was performed by the method of Holmes and
O’Brien (18), slightly modified to improve resolution by using
silica gel G plates (Redi-Plates, Fisher Scientific, Pittsburgh, PA)
and by developing the plates in butanol:acetic acid:water (3:3:2,
v/v/v). Plates were sprayed with orcinol and resorcinol-HCl to
visualize neutral sugars and sialic acid, respectively. Total hepatic
sialic acid content was determined by GLC (27).

Lysosomal glycosylhydrolase activities. Liver samples which had
been stored at —70°C were homogenized in distilled water (10%
w/v) with three 1-min pulse intervals using a Polytron homoge-
nizer (Brinkmann, Westbury, NY), and then freeze-thawed three
times (46). The homogenates were centrifuged and the clear
supernatants used immediately for the enzyme assays. Liver ly-
sosomal glycosylhydrolase activities were determined using 4-
methylumbelliferyl-glycoside substrates (Koch-Light, Colnbrook,
England) (53), except for neuraminidase activity, which was de-
termined using  2(3’-methoxyphenyl)-a- N-acetylneuraminide
(Boehringer-Mannheim, Indianapolis, IN) in 0.1 M acetate buffer,
pH 5.0 (3, 50). Protein concentrations were determined by the
procedure of Lowry ez al. (31).

RESULTS

Total lipid composition. Total lipid concentration in the FEL
liver was elevated by 42% over that in the normal liver (Table 1).
This increase was accounted for by elevations in concentrations of
neutral lipids (67%) which in turn reflected elevations in total
cholesterol and triglycerides (56% and 87%, respectively). No
abnormality in the distribution of individual species and no
triglycerides containing unusual fatty acid components were found
by mass spectroscopic analysis of the intact triglycerides. Fatty
acid analysis of the isolated triglycerides showed the distribution
of the component fatty acids of the triglycerides in the patient and
normal control livers to be similar to each other and to the fatty
acid composition previously reported for normal liver (49). The
free fatty acid profile and concentration (0.5% of the total triglyc-
eride fatty acid concentration, Table 1) were normal (19). TLC of
the FEL neutral glycosphingolipid and phospholipid fractions
revealed neither qualitative nor quantitative differences from find-
ings in the normal liver.

Gangliosides and other glycoconjugates. A 2.6-fold elevation in
lipid-bound sialic acid (ganglioside) content was found in the liver
of the patient, in comparison to ganglioside content of the control
liver (Table 1). TLC of equal quantities of purified total ganglio-
sides indicated a prominence, in the patient liver, of a number of
gangliosides (e.g., with chromatographic mobilities of Gmz, Lmy,
Gwmi, GTin, and Gaqup) (Fig. 1), which were only faintly or not
visible in the TLC of the normal liver gangliosides (Fig. 1).
Densitometric scanning (Fig. 2) of the same TLC plate showed
that gangliosides more structurally complex than G constituted
40% of the total gangliosides in the patient liver versus 14% in the
control liver. The latter value was in good agreement with those
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of two recent studies of human liver in which gangliosides other
than Gum; constituted 8.4% and 13.6% of the total (36, 42). Calcu-
lations of the absolute concentrations of Gwms and complex gan-
gliosides from the sialic acid measurements and the densitometric
scans indicate that the patient liver had a 1.9-fold higher concen-
tration of Gms and a more than 5-fold higher concentration of
complex gangliosides than did the normal liver.

In contrast to this absolute increase in total gangliosides and
relatively greater increase in complex gangliosides, (A) total he-
patic sialic acid content was only slightly elevated above that of
the control liver (2230 versus 1720 nmole sialic acid/g wet weight);
(B) there were no qualitative or quantitative abnormalities in
hepatic oligosaccharides; and (C) sialosyl-oligosaccharides were
not detectable in the patient liver. These results provide evidence
against the elevation in hepatic gangliosides being merely a com-
ponent of a generalized increase in sialic acid-containing glyco-
conjugates.

Lysosomal glycosylhydrolase activities. Levels of activity of the
following hepatic lysosomal enzymes were similar to those of the
normal liver and within the normal range of activity previously
determined by others (3, 47): 8-N-acetyl-glucosaminidase, neur-
aminidase, a-fucosidase, a-mannosidase, S-glucuronidase, and a-
galactosidase. Only B-galactosidase activity was reduced, at 33%
of that of the concurrently studied control liver. The reduction in
B-galactosidase activity was not due to abnormal pH dependence
or optimum, a soluble inhibitor of enzyme activity, selective
deficiency of an isoenzyme as assessed by electrophoresis, or
deficiency of a heat-labile isoenzyme (17, 37).

DISCUSSION

The objective of this study was to determine whether a specific
hepatic lipid abnormality might characterize FEL, because ele-
vations in circulating lipids and fatty infiltration of the liver have
been documented in this disease (7, 22, 26, 38). Qualitative and
quantitative study of the major hepatic lipids revealed a mild
increase in total lipids, essentially entirely due to elevations in the
neutral lipids. At 80 mg/g wet weight, the neutral lipid content
was lower than that of fatty livers (93-325 mg/g wet weight) (40),
and therefore not a striking abnormality. The major components
of the neutral lipid fraction (triglycerides and total cholesterol)
were only mildly elevated, in contrast to the 3-100-fold degree
seen in the known familial neutral lipid storage diseases (44).
Combined with the fact that these lipids were qualitatively normal,
significant hepatic neutral lipid storage as a primary component
of FEL appears to be excluded.

We next examined the minor lipids. In these further studies, the
unexpected finding was that the hepatic ganglioside concentration
(387 nmole LBSA/g wet weight) was significantly above (a) that
of the parallel normal control liver (147 nmole) and (b) reported
normal values for adults and children (up to 254 nmole LBSA/g
wet weight) as determined using ganglioside isolation methods
similar to those we employed (36, 42). The elevation in hepatic

Table 1. Quantitation of hepatic lipids

Normal Ranges of normal

Patient' Control’ literature values'
Total lipids (mg)” 105 74 33-85 (40)
Neutral lipids (mg)® 80 48 6.3-65 (40)
Total cholesterol (mg)® 7.5 4.8 2.0-54 (21)
Total triglycerides (mg)* 379 203 3-54 (21)

Free fatty acids (mg)’ 0.11 0.11 0.2 (19)

Neutral glycosphingolipids (mg)* 5 4 43-6.9 (12)
Phospholipids (mg)” 20 21 21-31 21)

Gangliosides (nmol lipid-bound sialic acid)® 387 147 190-254 (36, 42)

' All values per g liver, wet weight.
? Gravimetric determinations, mean of duplicate samples.

® Colorimetric determinations as described in “Materials and Methods,” mean of duplicate samples.
* Quantitation of component fatty acid methyl esters by gas liquid chromatography.



FAMILIAL ERYTHROPHAGOCYTIC LYMPHOHISTIOCYTOSIS

Gmz -

| lll'
Las — .
o -

GD,IG— 3 'm g5 9 ‘;‘ N
Cpap - ,
Grip— -
Origin- ——— '
1 2 3 4

Fig. 1. Thin layer chromatography of hepatic gangliosides. Ganglio-
sides were isolated from sources indicated, chromatographed, and visual-
ized with resorcinol-HCI, as described in “Materials and Methods.” Lane
1, mixed bovine brain gangliosides (10 nmole, lipid bound sialic acid,
Supelco, Bellefonte, PA); Lane 2, human erythrocyte ganglioside mixture
(10 nmole), Lum,-sialosylparagloboside (35); Lane 3, gangliosides from 96
mg familial erythrophagocytic lymphohistiocytosis patient liver (15
nmole); Lane 4, gangliosides from 246 mg normal liver (15 nmole). Bands
above Gy and at the origin were resorcinol-negative; all other bands were
resorcinol-positive.
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Fig. 2. Densitometric scan of the thin layer chromatography (Fig. 1) of
the hepatic gangliosides of patient ( panel A, and lane 3 in Fig. 1) and the
normal control (panel B, and lane 4 in Fig. 1). Mobilities of selected
ganglioside standards are indicated by arrows (lanes I and 2 in Figure 1).
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gangliosides is significant in that it is of the same magnitude (1.4-
2.9 times normal) as that seen in Gu;- and Gme-gangliosidosis (20,
45), two glycosphingolipidoses associated with defined lysosomal
enzyme defects; however, the elevations in hepatic gangliosides in
these diseases (20, 37, 45) and in Gums gangliosidosis (41) represent
marked and specific increases in a particular ganglioside. In
contrast, TLC analysis of the hepatic gangliosides of our patient
showed an increase in multiple gangliosides (including Gus), with
a proportionately greater increase in some of the hepatic ganglio-
sides of structural complexity greater than that of Gms. These
results represent an unusual ganglioside abnormality because to
our knowledge the known disorders in which hepatic ganglioside
metabolism is altered are characterized by either the specific
marked accumulation of a single ganglioside (as in the examples
above) or a non-selective increase in all gangliosides.

A generalized increase (1.2-5.5-fold) in hepatic lipids (including
gangliosides) may result even when metabolism of the lipids is not
directly dependent upon the enzyme which is deficient. This may
occur when lipid catabolism is impeded because of physical
association of the lipids in secondary lysosomes engorged with a
primary storage product (e.g., sphingomyelin in Niemann-Pick’s
disease) (4, 12), or when ganglioside catabolism is impeded be-
cause of a more distal enzymatic block (e.g., Gms in Gaucher’s
disease) (10). Normal hepatic phospholipid and neutral glyco-
sphingolipid concentrations in our patient make these explana-
tions unlikely.

A normal concentration of oligosaccharides, which accumulate
in visceral tissues in glycoprotein storage disorders (mannosidosis,
fucosidosis) (51, 52) and in the known gangliosidoses (18, 35, 55),
argues against the conclusion that one of these disorders might
explain the elevated hepatic gangliosides in our patient. Condi-
tions previously defined as “sialidosis” can be excluded by the
absence in this patient of hepatic sialosyl-oligosaccharides (30).

Hepatic lysosomal enzyme activities were studied to determine
whether an unusual enzyme defect might account for the observed
pattern of ganglioside accumulation in this patient. Although S-
galactosidase activity was moderately reduced (33% of normal),
known primary $-galactosidase deficiency associated with glyco-
conjugate storage diseases (Krabbe’s disease, Morquio disease
Type B, Gm: gangliosidosis) is characterized by activity of this
enzyme of less than 10% of normal (13, 37, 41, 46), making it
unlikely that a defect in this enzyme was responsible for the
elevated hepatic ganglioside levels in our patient. Not excluded
by our findings is the possibility that the observed low S-galacto-
sidase activity represents a secondary enzyme defect, as in some
cases of mucopolysaccharidosis (17, 33, 47) and mucolipidosis (5,
30), where reduced B-galactosidase activity has been associated
with a primary defect of a different lysosomal enzyme. .

The other lysosomal enzyme activities, measured with fluoro-
genic substrates, were unremarkable; however, a potential lyso-
somal enzyme defect might be overlooked with these artificial
substrates. For example, neuraminidase activity was not decreased
in the FEL liver as measured with artificial substrate, but it has
been reported that there are two distinct neuraminidase isoen-
zymes, only one of which can utilize gangliosides as substrates (5,
30). We have not, as yet, excluded the possibility of a deficiency
of a particular isoenzyme of neuraminidase in this patient. Hepatic
ganglioside accumulation could also result from the absence of a
lysosomal enzyme activator protein, required for the in vivo catab-
olism of gangliosides (14, 15, 29).

The elevation in hepatic gangliosides could be unrelated to an
inherited enzyme defect. Certain cationic, amphiphilic drugs, such
as chloroquine (11), have been shown to cause hepatic ganglioside
storage, but in association with a generalized increase in most
hepatic lipids, including up to 20-fold elevations in cholesterol
and neutral glycosphingolipids. Such elevations were not seen and
because no toxins were found in our patient’s liver, it seems
unlikely that the pattern of ganglioside accumulation in the pres-
ent case was toxin-related.

We also considered the possibility that the elevation in hepatic
gangliosides could reflect the contribution of gangliosides present
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in cells infiltrating the liver of our patient. Erythrocytes, however,
contain only one-tenth as much ganglioside per gram wet weight
as normal liver (39), and lymphocytes contain mainly Gwms (32).
Whether infiltrating histiocytes could have accounted for the
elevated hepatic ganglioside concentration cannot be ruled out at
this time because the relative contribution of macrophages and
hepatocytes to total hepatic ganglioside content in normal human
liver is not known (36).

As FEL is an autosomal recessive disease, we suspected that an
inborn defect in ganglioside metabolism might explain the unex-
pected elevation of hepatic gangliosides in our patient. Because
conclusive evidence for such a defect was not obtained, the
pathogenesis of the ganglioside abnormality remains to be eluci-
dated. A deficiency of a particular isoenzyme of neuraminidase
would certainly be one of the most likely enzymatic lesions, and
we are undertaking to determine the neuraminidase activities of
various subcellular fractions of normal and the FEL liver with
ganglioside substrates.

If characteristic of all FEL patients, the ganglioside abnormal-
ity, irrespective of cause, may be of clinical significance: ganglio-
sides inhibit a number of cellular immune responses, including in
vitro mitogen- and antigen-induced lymphoproliferation (23, 25,
28, 54), immune responses that are among those depressed in FEL
(22, 24). Furthermore, because the plasma of patients with FEL
inhibits these same immune responses (22), while removal of
patient plasma in vivo by repeated blood exchange was accompa-
nied by (A) abrogation of the plasma inhibitory activity, (B)
reversal of depressed cellular immune responses, and (C) transient
clinical improvement (24), it should be of interest to determine
whether the hepatic ganglioside abnormality is also reflected in
the plasma of these patients.
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