
Short Communication
Tau Pathology in Two Dutch Families with Mutations
in the Microtubule-Binding Region of Tau

M.G. Spillantini,* R.A. Crowther,† W. Kamphorst,‡

P. Heutink,§ and J.C. van Swieten¶

From the Department of Neurology,* University of Cambridge,

United Kingdom; Medical Research Council Laboratory of

Molecular Biology,† Hills Road, Cambridge CB2 2QH, United

Kingdom; Department of Pathology,‡ Vrije Universiteit,

Amsterdam; and the Departments of Clinical Genetics§ and

Neurology,¶ Erasmus University Rotterdam, The Netherlands

Different mutations in the microtubule-associated tau
protein gene have recently been identified in several
families with hereditary frontotemporal dementia
and Parkinsonism (FTDP-17) linked to chromosome
17q21–22. Some families show neuronal and glial de-
posits containing hyperphosphorylated tau in several
brain regions. We have investigated the presence of
tau deposits by using a panel of anti-tau antibodies in
three brains of a family with the P301L mutation
(HFTD1) and in another family with the G272V muta-
tion (HFTD2) of the tau gene. Numerous intracyto-
plasmic tau deposits in neurons, glial cells, and neu-
rites were found in hippocampal formation,
neocortex, and substantia nigra. These deposits in
three patients from HFTD1 consisted of slender
twisted filaments 15 nm wide with variable periodic-
ity and a few straight filaments. Tau extracted from
these filaments appeared as two major bands of 64
and 68 kd and a minor band of 72 kd that, after
alkaline phosphatase treatment, proved to consist
mainly of 4-repeat tau isoforms and one of the 3-re-
peat isoforms. In three patients from HFTD2 numer-
ous Pick-like bodies were present. The conclusion is
that the type and distribution of tau deposits in
HFTD1 and HFTD2, the physical structure of fila-
ments, and tau isoform composition in HFTD1 differ
from Alzheimer’s disease and an FTDP-17 family with
a V337M mutation in the tau gene. (Am J Pathol
1998, 153:1359–1363)

Hereditary frontotemporal dementia and Parkinsonism
linked to chromosome 17 (FTDP-17) refers to a group of
neurodegenerative disorders often characterized by

early behavioral changes accompanied by later cognitive
and motor disturbances.1 At least 13 families have been
now identified.1 Pathological changes consist of selective
frontotemporal atrophy, neuronal loss, gliosis, and spon-
giosis in cortex and subcortical nuclei, sometimes with
ballooned cells. Neuropathologically, several families
with FTDP-17 show microtubule-associated protein tau
deposits, which can be present in neurons and in glial
cells.2–9 Tau protein in adult brain consists of 6 isoforms
produced by alternative splicing, containing 3 or 4 micro-
tubule-binding repeats, with or without 29 or 58 amino
acid insertions in the amino-terminal region.10,11 In some
FTDP-17 families tau deposits are similar to those found
in Alzheimer’s disease (AD); they are mainly in neurons
and consist of filaments similar to AD paired helical fila-
ments (PHFs), which contain all 6 tau isoforms.3,12 In
contrast, other families show tau deposits in neurons and
glial cells and they consist of filaments which are different
from AD PHFs and contain mainly tau isoforms with 4
repeats.4,5,7 Very recently, mutations in the microtubule-
associated protein tau gene have been identified for
several families with FTDP-17, strongly suggesting that
tau is the gene responsible for FTDP-17.13–15 We have
investigated the presence of tau deposits in the two
Dutch families16 with mutations in the microtubule-bind-
ing domains of tau.14 The mutation in HFTD1 is a proline
to a leucine at position 301 (numbered from the longest
tau isoform) in exon 10, whereas that in HFTD2 is a
glycine to a valine at position 272 in exon 9. Both muta-
tions appear at almost equivalent positions in two of the
microtubule-binding domains and more specifically in the
highly conserved PGGG motif. We describe here the
characterization of tau deposits in these families and we
discuss their relation to the tau gene mutations.
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Materials and Methods

Materials

Paraffin-embedded sections of frontal, temporal, and pa-
rietal cortices, hippocampus, cerebellum, and different
subcortical nuclei from 3 patients from HFTD1 (53, 66,
and 76 years), and 3 patients from HFTD2 (54, 56, and 57
years) together with 2 AD patients (74 and 80 years) were
used for immunohistochemistry. Fresh-frozen tissue from
hippocampus, temporal cortex, and frontal cortex of the 3
patients from HFTD1, 2 AD patients (65 and 78 years)
and 2 control subjects (68 and 72 years) was used for
biochemical studies.

Immunohistochemistry

For immunohistochemistry sections were incubated with
phosphorylation-dependent (AT8, AT180, AT270, and
AT10017 (E. Vanmechelen, Innogenetics]; PHF1 [P. Da-
vies], 12 E818 (P. Seubert, Athena Neurosciences), and
phosphorylation-independent anti-tau antibodies (BR133,
BR134, BR304, BR189).11 Polyclonal and monoclonal anti-
bodies raised against amyloid Ab (Ab 2332; V.M.-Y Lee)
and anti-heparan sulfate antibody 10E419 (Seikagaku, Ja-
pan) were also used. Immunohistochemistry was per-
formed as previously reported.3

Tau Extraction, Dephosphorylation, and
Immunoblotting

Sarkosyl-insoluble tau was extracted and dephosphory-
lated as previously described.4,20 PHF-tau samples were
run on 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and blotted onto Immobilon P (Millipore),
incubated overnight at 4°C with the primary antibodies
and stained using the biotin-avidin Vectastain system
(Vector Laboratories). Soluble tau was extracted using
2.5% perchloric acid as previously described.21

Electron Microscopy

Aliquots of sarkosyl-insoluble tau were processed as pre-
viously described for electron microscopy and for immu-
nogold electron microscopy.22

Results

Neuropathological examination of HFTD1 brains revealed
severe neuronal loss in frontal and temporal cortex, glio-
sis, and a few ballooned cells as previously reported.16

There was variable neuronal loss in the parietal cortex.
Amyloid plaques and congophilic angiopathy were gen-
erally lacking in all cases, except for a number of congo-
philic vessels and some small senile plaques in the tem-
poral cortex and gyrus parahippocampalis in one case.
The subcortical white matter was severely gliotic. The
hippocampus showed mild to moderate neuronal loss
and gliosis, with a few neurofibrillary tangles visible by

Bodian staining in the pyramidal layer of the hippocam-
pus and gyrus parahippocampalis in all three brains.
Substantia nigra showed severe loss of pigmented cells.
The amygdala and overlying entorhinal cortex showed
severe neuronal loss. Thalamus and caudate nucleus
were normal or showed variable loss of neurons. No Pick
bodies were observed.

The three brains from HFTD2 also showed severe loss
of neurons and gliosis of the frontal and temporal cortex,
and in less extent of the parietal cortex. Neuronal loss
was also present in the hippocampus and gyrus parahip-
pocampalis as previously reported.16,23,24 Caudate nu-
cleus was severely degenerated. Severe loss of pig-
mented cells occurred in the substantia nigra. A few Pick
bodies were observed in one case.16

Immunohistochemistry

In both families phosphorylation-dependent and -inde-
pendent anti-tau antibodies stained numerous deposits
in the superficial layer 2–3 and deep layer 6 of the frontal,
temporal, and parietal cortices, brain stem, gyrus cinguli,
the granule cells of dentate gyrus (DG) including its inner
molecular layer, cornu ammonis (CA) 1 and 2, entorhinal
cortex, and substantia nigra in all cases examined (Fig-
ure 1). These deposits were mainly of the pre-tangle type
located in the perinuclear region and cell body and
sometimes extending to the apical dendrites of neurons.

In HFTD1 numerous neuropil threads and glial fibrillary
tangles were stained in both gray and white matter (Fig-
ure 1, A and B). All anti-tau antibodies stained the de-
posits, although AT8 and PHF1 gave the most extensive
staining. Antibody 12E8 stained some granulovacuolar
structures around glial cells and neuronal cell bodies,
whereas only a few neurons were positive. BR189 raised
against the sequence encoded by the exon 3 of the tau
gene stained neuronal cells and few glial cells weakly. In
all 3 cases from HFTD1 anti-heparan sulfate antibody
10E4 showed punctate staining inside and outside the
granule layer of the dentate gyrus, and staining of cell
bodies in CA2, CA3, and CA4. In one case (76 years)
numerous neuritic plaques containing b-amyloid were
present in subiculum, hippocampus and temporal cortex.

In HFTD2 the granule cells in the DG showed various
Pick-like inclusions, often with associated cytoplasmic
and perinuclear tau staining (Figure 1, C and D). Neurons
in pre-tangle stage were present in CA4, whereas glo-
bose staining of neurons was often associated with Pick-
like bodies in CA1, CA2, and subiculum, with occasional
extracellular neurofibrillary tangles in CA2 in one case.
Antibody 12E8 did not stain Pick-like bodies or perinu-
clear and cytoplasmic tau deposits; in a few cells it
stained deposits in one side of the cytoplasm and in the
DG some cells presented granular staining. The number
of glial cells stained by anti-tau antibodies was much
lower in HFTD2 compared to HFTD1. b-Amyloid deposits
were absent.
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Electron Microscopy

Electron microscopy of dispersed filament preparations
from frontal and temporal cortices and hippocampal for-
mation of three patients from HFTD1 showed tau-contain-
ing filaments structurally different from Alzheimer’s dis-
ease PHFs. The majority of these filaments were
irregularly twisted ribbons of width about 15 nm and
crossover spacing greater than 130 nm (Figure 2, A and

B). A minority consisted of straight filaments about 12 nm
wide with a strongly stranded rope-like appearance (Fig-
ure 2, C and D).

Immunoblotting of Sarkosyl-Insoluble Tau

Sarkosyl-insoluble tau extracted from frontal and tempo-
ral cortices and hippocampal formation from 3 patients of
HFTD1 appeared in immunoblots as two major bands of
64 and 68 kd and a minor band of 72 kd (Figure 3A). After
alkaline phosphatase treatment of sarkosyl-insoluble ma-
terial, tau appeared as three major bands corresponding
to the isoforms with 4 repeats and no amino-terminal
insert, and to the isoforms with 3 and 4 repeats and the 29
amino acid amino-terminal insert (Figure 3B). The pattern
of soluble tau in HFTD1 was similar to that in control
brains (data not shown).

Discussion

The two families discussed here, with coding mutations in
exon 9 or exon 10 of the tau gene (Figure 3C), showed
numerous intracytoplasmic tau deposits in neurons, glial
cells, and neurites in several brain regions including the
hippocampal formation, neocortex, and substantia nigra.

Figure 1. Tau immunostaining in hippocampal formation and neocortex from affected members from HFTD1 (A) and (B) and HFTD2 (C) and (D). Tau deposits
are stained by antibody AT8 in the inner molecular layer, granule cells of the dentate gyrus (A) and temporal cortex (B) from an affected member from HFTD1.
Numerous Pick-like bodies and granule cells with a perinuclear ring are stained by antibody AT8 in dentate gyrus (C) and temporal cortex (D) from an affected
member from HFTD2. Scale bars: 100 mm in A, 66 mm in B, 50 mm in C, and 40 mm in D.

Figure 2. Electron micrographs of sarkosyl-insoluble filaments from HFTD1.
(A) and (B) show examples of twisted ribbons and (C) and (D) show
examples of rope-like stranded filaments. (A) and (C) are unlabeled, whereas
(B) and (D) have been labeled with phosphorylation-dependent anti-tau
antibody AT8. Scale bar, 100 nm.
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The deposits were stained by phosphorylation-depen-
dent and -independent anti-tau antibodies. Electron mi-
croscopy of sarkosyl-insoluble material from HFTD1
showed slender twisted ribbons about 15 nm wide, sim-
ilar to but narrower than those in multiple system tauopa-
thy with presenile dementia (MSTD),4 and also straight
rope-like filaments similar to filaments seen occasionally
in AD preparations (RA Crowther, unpublished observa-
tions). The filaments contained hyperphosphorylated tau,
which migrated as two major bands of 64 and 68 kd and
a minor band of 72 kd. Tau isoforms with 4 repeats with or
without the 29-amino acid insert appeared together more
abundant than the isoform with 3 repeats and the 29-
amino acid insert.

In HFTD2, the first family described as familial Pick
disease,16,23,24 Pick body-like inclusions were observed
in the granular layer of the DG and cortex, often associ-
ated with perinuclear and cytoplasmic staining. The pres-
ence of strong cytoplasmic tau staining surrounding the
Pick-like inclusions and the absence of information about
the characteristics of the filaments in the inclusions have

led us to name these inclusions Pick-like bodies instead
of Pick bodies, until more ultrastructural and biochemical
data become available. Such inclusions have not been
described in other FTDP-17 families and this is the first
time a mutation in the tau gene appears linked to Pick-like
bodies. In both families antibody 12E8 stained mainly
granular structures, sometimes surrounded by a vacuole,
and a few neurons, similar to the pattern observed in
MSTD.4 It did not stain the Pick body-like inclusions in
HFTD2, suggesting that they are similar to those in Pick’s
disease.25,26

The two families have mutations in different microtu-
bule-binding repeats of tau, so the population of tau
molecules is affected in different ways. In HFTD1 the
P301L mutation lies in exon 10, which is included in 4
repeat isoforms but not in 3 repeat isoforms (Figure 3C).
In HFTD2 the G272V mutation lies in exon 9 and therefore
affects all 6 isoforms (Figure 3C). In both cases it is likely
that the binding to microtubules of those tau isoforms
carrying a mutation will be affected, probably adversely.
The balance between binding of 3 and 4 repeat isoforms
will be changed in HFTD1, producing an effect similar to
that created by a splicing mutation in MSTD, which favors
production of 4 repeat isoforms5,15 and leads to ribbon-
like twisted filaments4 as here. However, in MSTD the
sarkosyl-insoluble material contains only 4 repeat iso-
forms, so perhaps in HFTD1 the 3 repeat tau isoform,
found after alkaline phosphatase treatment, co-assem-
bles in the filaments, or the mutated 4 repeat tau isoform
prevents normal 3 repeat tau isoform from binding to
microtubules by occupying binding places. The tau iso-
form with 3 repeats and 29-amino acid amino-terminal
insert is abundant in human brain and does not contain
the P301L mutation, so its presence in filaments shows
that they contain both normal and mutated tau molecules.

In HFTD2, for which no fresh tissue is available, all
isoforms are affected, as in Seattle family A3,13 where
filaments are of AD type,3,12 so filaments in HFTD2 may
be of AD type but the presence of Pick body-like struc-
tures may also give straight filaments.27 Furthermore, it
has been reported that Pick bodies contain only tau
isoforms with 3 repeats,26 so it remains to be seen if this
is the case in the Pick body-like inclusions. However, in
both families disturbance of tau binding may destabilize
microtubules and lead to accumulation of tau in an inap-
propriate compartment, hyperphosphorylation, and as-
sembly of abnormal filaments, resulting in cell death.
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