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Brain gangliosides in the presenile dementia of Pick
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SUMMARY Histochemical analysis of frontal and temporal lobes from four patients with Pick
presenile dementia indicated intracellular and extracellular deposits of gangliosides. Thin layer
chromatography of gangliosides disclosed the presence of an unknown ganglioside, a decrease of
N-acetylgalactosamine-GDI and an increase of GTIa and/or GD2 in white matter of Pick brain.
Chromatography of gray matter and quantitation of the sialic acid content yielded results similar
to controls. It is suggested that degradation and removal of gangliosides is incomplete in Pick
disease.

Pick presenile dementia or "progressive circumscribed
cerebral atrophy" is clinically marked by a gradually
progressive intellectual decline with decrease of com-
prehension, forgetfulness, aphasia, indifference to
social customs, and lack of initiative. Anatomically,
the most striking macroscopic feature in typical cases
is a fronto-temporal atrophy with widely gaping sulci.
The first histological description was provided in 1911
by Alzheimer.1

Intense loss of nerve cells is accompanied by corti-
cal and subcortical gliosis, marked demyelination,
and loss of axons. Distinctive is the appearance of
swollen, rounded or pear-shaped cell bodies (the so-
called ballooned cells) in which Bielschowsky's silver
stain may disclose argentophilic Pick bodies. Senile
plaques and neurofibrillary tangles are for the most
part absent. The disease may be sporadic or auto-
somal dominant.

This paper reports a histochemical study indicating
an abnormality of the gangliosides in Pick brain and
subsequent analysis of these lipids by thin-layer chro-
matography.

Patients

Histochemistry was carried out on formalin-fixed brains
from a brother (case 1) and a sister (case 2) with Pick disease
who died at age 54 and 52 years respectively and on deep-
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frozen brains from a sporadic male case (case 3) and a famil-
ial male case (case 4) who died at age 57 and 47 years
respectively.

Thin-layer chromatography of gangliosides was carried
out in cases 1, 3 and 4. The father of cases 1 and 2 also died
of Pick disease and was described by Schenk (case 8 in ref 2).
Case 4 was member V-10 in a study of Groen and Endtz.3
The neuropathological diagnosis was established in all cases
by the presence of frontal and temporal brain atrophy, loss
of neurons, gliosis and ballooning of neurons. Pick bodies
were found in cases 1, 2 and 3. Histochemical controls were
single cases of Krabbe disease, Tay-Sachs disease, multiple
sclerosis, a colloid cyst in the third ventricle and GMI gangli-
osidosis. Controls for thin-layer chromatography were six
patients who died of extracranial causes and a case of
Alzheimer disease.

Methods

Histochemistry
Frontal and temporal lobes were histologically examined by
haematoxylin-eosin staining and by the techniques of Nissl,
Kliver-Barrera, Loyez and Bielschowsky.4 Histochemical
staining of frontal and temporal lobes was carried out with
NaOH-OTAN (osmium tetroxide-alpha naphthylamine, (ref
5, p.695), acid haematin (ref 5, p.689), NaOH-acid haematin
(ref. 6, p.55), cresylviolet-acetic acid (ref 7, p.585), oil red 0
(ref 4, p.259), PAN (perchloric acid-naphtoquinone, (ref 8,
p.39), Congo red (ref 4, p.391), copper rubeanic acid (ref 5,
p.61), Alizarine red (ref 9, p.76), modified PAS with pre-
treatments (periodic acid-Schiff, ref 10) and BHPS
(borohydride-periodate-Schiff after Roberts (ref 8, p.54)
with pretreatments. Pretreatment with chloroform-methanol
was for 18 h at room temperature, pretreatment with neur-
aminidase for 24 h at 370C (enzyme from Vibrio cholerae
and/or Clostridium perfringens) and pretreatment with O.-
M H2S04 for 2 h at room temperature. In cases 3 and 4
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BHPS-staining was also carried out after pretreatment with
diastase (pH6 0, 1 h, 37°C). The modified PAS stainings of
deep-frozen specimens were carried out after exposure to
formalin vapour for 24 h at room temperature. Specimens of
Pick brain and controls were studied under polarised light
and by fluorescence microscopy with and without pre-
treatment in chloroform-methanol.

Thin-layer chromatography
Frontal grey (400 mg) or white (700 mg) matter was homoge-
nised for 10 min with 3 ml of chloroform-methanol (1: 1, v:v)
in a Potter-Elvehjem mixer. The suspensions were spun
down at 1400 rpm and decanted. The precipitates were
extracted with 3 ml of chloroform-methanol-water (32:63:5,
v:v:v). The supernatants were combined and further purified
according to Foich " by addition of 4 3 ml chloroform and
2 2 ml water. After separation into a methanol-water layer
containing most of the gangliosides and a chloroform layer
containing the more hydrophobic lipids, the latter layer was
reextracted with the theoretical upper phase. The methanol-
water layers were then combined, and the sialic acid content
was determined by Warren's thiobarbituric acid method.12
For qualitative lipid chromatography of Pick brain,
reextraction appeared superfluous and was abandoned.
Thin-layer chromatography plates were coated with silica gel
60, (Merck Darmstadt, Cat. no. 5641 or 5715). Plates were
equilibrated with solvent system at 22 ± 1°C. Following
separation, plates were dried with hot air, sprayed with a fine
mist of Svennerholm's resorcinol-HC 1 reagent,13 and baked
face-down on a glass plate at 100 + 5°C for 30 min. This
procedure demonstrated gangliosides as purple bands.

For one-dimensional chromatography, 0 2-0 3 ml of grey
matter extract or 0-4-5 ml of white matter extract were
applied on plates no. 5641, and the ascending solvent system
of Ando et al'4 was used, chloroform-methanol-aqueous
NH40H 2 5 M (60:35:8, v:v:v). In preliminary experiments,
other methods described by Harth et al" and Ando et al14
resulted in lower resolution of the gangliosides. Increase or
decrease of the chloroform content resulted in better sepa-
ration of the more hydrophobic or the more polar gangli-
osides respectively, but the area between GD]a and GD,b
remained unaffected. Application of smaller samples led to a
better resolution but the bands of the abnormal gangliosides
(see Results) became less clear.

For two-dimensional chromatography, the methods of
Ledeen et al16 and Hunter'7 were used. Samples of grey
(0 5 ml) and white (0 7 ml) matter extract were applied. The
technique of Ledeen et al16 employed no. 5715 plates and as
solvents first chloroform-methanol-aqueous KCI 33mM
(50:40:10, v:v:v) and second chloroform-methanol-aqueous
KCI 33mM containing NH40H 25M (50:40:10, v:v:v).
Hunter's technique"' required no. 5641 plates. Solvents were
first chloroform-methanol-aqueous CaCl2 135mM
(55:35:10, v:v:v), and second chloroform-methanol-aqueous
KCI 33mM (50:40:10, v:v:v). Ganglioside names were
abbreviated after Svennerholm.18

Results

The histological characteristics of Pick disease' were
found in all four cases. An example is shown in fig 1.
Histochemical stainings of frontal and temporal lobes

.1w~~~~~~~~~~~~~~~~
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Fig I Ballooned cell with Pick
cortex of case 1. (Bielschowsky s

inclusion body in temporal
,taining). ( x 1000)

Fig 2 A modified-PAS positive neuron in temporal cortex
of case 2. ( x 1000)

with NaOH-OTAN, acid haematin, NaOH-acid
hematin, PAN, Congo red and cresyl violet-acetic
acid (see Methods) were similar to controls. With oil
red 0 and Sudan black intracellular and extracellular
deposits were visible in Pick brain. With Alizarine red
S only the extracellular deposits were seen. The
modified-PAS and BHPS stainings demonstrated
intracellular and extracellular gangliosides, as illus-
trated in figs 2-4 and summarised in table 1. The
extracellular staining was abundant in white matter
and sparse in grey matter. Diastase pretreatment (see
Methods) had no effect.
By fluorescence microscopy a yellow-green

autofluorescence was found in the neurons. In con-
trast to the modified-PAS and BHPS stainings, the
autofluorescence remained after treatment with
chloroform-methanol. Under polarised light, the
deposits showed birefringence which disappeared by
chloroform-methanol pretreatment.
By the modified-PAS method a similarly red stain-

ing was obtained in the ballooned cells of a case of
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Fig 3 Two ballooned cells, modified-PAS positive in
temporal cortex of case 2 (x 1000)

Fig 4 Modified-PAS staining after pretreatment with
neuraminidase: the intracellular red colour seen in figs 2 and
3 is not found. Case 1, frontal cortex. ( x 1000)

Gm,-gangliosidosis, which staining was absent after
pretreatment by chloroform-methanol or neuramin-
idase. Globoid cells from a case of Krabbe disease
(storage of cerebrosides) showed staining by the
modified-PAS method which remained when a neur-
aminidase pretreatment was given but was absent
after pretreatment with chloroform-methanol. The
swollen cortical neurons in a case ofTay-Sachs disease
showed staining by the modified-PAS and the BHPS-
method. The effect ofpretreatment was similar to that

Table 1 Histochemical staining of Pick brain

Method Pretreatment Staining Staining
intracellular extracellular

Modified None + +
PAS Chloroform-methanol - -

Neuraminidase - +
BHPS None + +

staining Chloroform-methanol - -

Neuraminidase - -
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on the staining in Pick brain. Other controls showed
no staining with the modified-PAS method.

Thin-layer chromatography
One-dimensional chromatography of frontal white
matter from cases 1, 3 and 4 of Pick's disease disclosed
two abnormalities in the area between GD1a and GDIb
(fig 5, lane I, bands A and B). In the control chro-
matograms (fig 5, lane II), band A was less pro-
nounced, whereas B was absent. The ganglioside pat-
terns of white matter from the Alzheimer and the
control cases were alike. The chromatographic pat-
tern of grey matter gangliosides was the same in con-
trol brain (fig 5, lane III), Pick disease (fig 5, lane IV),
and Alzheimer's disease (not shown).

Two-dimensional chromatography of frontal white
matter confirmed the differences between the gangli-
oside patterns in Pick-disease and the control cases.
Band A was resolved in two spots, designated Al and
A2. Figure 6 shows an example of the results obtained
by the method of Ledeen et al:16 spot Al was weaker,
spot A2 much stronger than in controls, which, fur-
thermore, lacked a third spot B. These abnormalities
were consistently found in three different samples of
frontal white matter. They were demonstrated with
equal efficacy by the methods of Ledeen et al'6 and
Hunter.'7 To exclude the possibility that the spots A2
and B were lactone derivatives artificially formed dur-
ing the procedure, we also changed the sequence of
Ledeen and co-workers'"6 developing systems. As
pointed out by Hunter,'7 the ammoniacal system
would then reconvert the lactones to acids and
artificial spots resulting from lactone formation
would disappear. The spots A2 and B arose between
GD1a and GDlb regardless of the separation sequence.
Again, two-dimensional chromatography of Pick
frontal grey matter yielded normal patterns.
The sialic acid determinations revealed no

significant differences between the Pick and the con-
trol brains (table II).

I v

Gi ml -

A -
B -

GTb-
GT1b-

Fig 5 One-dimensional thin-layer chromatography of
gangliosides as described by Ando etal.14 I: Pick-white
matter (case 1, frontal lobe); II: control-white matter;
III: Pick-grey matter (case 1, frontal lobe); IV: control-grey
matter. See text for bands A andB.

itiliw

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.49.8.881 on 1 A
ugust 1986. D

ow
nloaded from

 

http://jnnp.bmj.com/


Kamp, den Hartog Jager, Maathuis, de Groot, de Jong, Bolhuis

' GDT

A>

...W

Fig 6 Two-dimensional thin-layer chromatography ofgangliosides as described by Ledeen et al.16 Left: Pick-white
matter (case 3, frontal lobe). The spot adjacent to GM1 has not the characteristic purple colour of the gangliosides.
Right: control-white matter. See text for spots Al, A2 andB.

Table 2 Sialic acid content ofganglioside extracts of
brain tissue in micromole/J00 g wet weight. SD between
parentheses, n is number of determinations.

Pick disease (n = 4) Controls (n = 4)
White matter 98 (26) 80 (8)
Grey matter 207 (60) 187 (58)

Discussion

Intracellular deposits in Pick brain have already been
demonstrated with general lipid stainings by Jakob"9
and by Roizin.20 With a large battery of more specific
stainings (see Methods) we could not find abnormal
accumulations of sphingomyelin, amyloid, phos-
pholipids, triglyceride esters, cholesterol or choles-
terol esters. Under polarised light birefringent crystals
were visible and by fluorescence microscopy lipo-
fuscin appeared present in the neurons. By Alizarine
red staining calcium salts were found in extracellular
(but not intracellular) storage products. More specific
information was obtained by the modified-PAS
staining and the BHPS method after Roberts which
indicated the presence of gangliosides. Staining of
controls including cases of cerebroside and gangli-
oside storage disease appeared to validate the histo-
chemical results.

Other components of the intracellular and extrac-
ellular deposits in Pick brain are presently unknown.
Further analysis of the gangliosides was carried out by
one- and two-dimension thin-layer chromatography.
The chromatographic results showed differences from
normal ganglioside patterns: white matter contained a

minor ganglioside absent in normals (B in figs 5

and 6), a spot representing GTIa and GD2 (A2) was

stronger, and the spot representing N-acetyl-

galactosamine-GDI. (Al) was weaker than in control
specimens. Grey matter gave the same patterns as in
controls. The major gangliosides and the sialic acid
content of Pick brain did not differ significantly from
control specimens.
The recent improvement of the chromatographic

methods, for example the two-dimensional sepa-
rations by Ledeen et al'6 and Hunter,'7 has simplified
the recognition of details, but has also raised the num-
ber of separate ganglioside spots to about 120.7
Unfortunately, the vast majority of gangliosides has
yet to be named. In our study, the identification of
N-acetylgalactosamine-GDIj and the mixture of GTIa
and GD2 was made possible by the analytical work of
Ando et al'4 and Ledeen et al.'6
The minor ganglioside B not observed in normals

might be N-acetylgalactosamine-GTI. as the change in
retention of B upon addition of ammonia was similar
to that of GD3, GD2 and GTIa. We have not yet been
able to confirm this suggestion by pretreatment with
N-acetylgalactosaminidase.

In grey matter our chromatographic results did not
show abnormalities in the gangliosides of three cases
of Pick disease. As, by histochemistry, intracellular
deposits of gangliosides were found, these gangli-
osides must have an abnormal localisation without a
change in the total amounts of the various gangli-
osides. Op den Velde and Hooghwinkel found a
decrease in GDIa and increased amounts of GQlb, GM3
and GDlb in a single case of Pick disease.2' Owing to
the scarcity of Pick brain the significance of these
discrepant results remains undecided.

Golgi studies of cortical neurons in Pick disease22
showed abnormal thinning of the dendritic arbo-
risations. The resultant loss of neuronal surface would
be expected to yield a decreased amount of gangli-
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osides; however, in the present study a normal amount
was found. Therefore, and in view of the abnormal
localisation, we suggest that the degradation and
removal of gangliosides through the extra-cellular
space is deficient in Pick disease.
We are grateful to Dr LJ Endtz (Westeinde Hospi-
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Rotterdam) and Dr GThAM Bots (University of
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to Dr K Suzuki and Dr SU Walkley (Albert Einstein
College, New York) for material from a case of
human Gm,-gangliosidosis, to Dr MEI Schipper
(Academic Medical Centre, Amsterdam) for control
samples, to Mr BG Goldhoorn for sialic acid assays
and to Ms A Kooyman and Ms SW Bosboom for
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