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Abstract Frontotemporal lobar degeneration (FTLD) is a
common cause of presenile dementia characterised by
behavioural and language disturbances. Pick’s disease
(PiD) is a subtype of FTLD, which presents with intran-
euronal inclusions consisting of hyperphosphorylated tau
protein aggregates. Although Alzheimer’s disease (AD) is
also characterised by tau lesions, these are both histologi-
cally and biochemically distinct from the tau aggregates
found in PiD. What determines the distinct characteristics
of these tau lesions is unknown. As phosphorylated, soluble
tau has been suggested to be the precursor of tau aggre-
gates, we compared both the level and phosphorylation
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profile of tau in tissue extracts of AD and PiD brains to
determine whether the differences in the tau lesions are
reflected by differences in soluble tau. Levels of soluble tau
were decreased in AD but not PiD. In addition, soluble tau
was phosphorylated to a greater extent in AD than in PiD
and displayed a different phosphorylation profile in the two
disorders. Consistently, tau kinases were activated to dif-
ferent degrees in AD compared with PiD. Such differences
in solubility and phosphorylation may contribute, at least in
part, to the formation of distinct tau deposits, but may also
have implications for the clinical differences between AD
and PiD.
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Introduction

Alzheimer’s disease (AD) is the most common cause of
dementia, followed by frontotemporal lobar degeneration
(FTLD), which typically presents before 65 years of age
(Hodges et al. 2004). FTLD is an umbrella term for a
heterogenous group of neurodegenerative disorders that are
characterised by atrophy of the frontal and/or temporal
lobes (Broe et al. 2003). Examples of FTLD include Pick’s
disease (PiD) and corticobasal degeneration. In contrast to
AD, which presents predominantly with memory loss,
FTLD is associated with changes in personal and social
conduct, behaviour and language disturbances, and often
motor symptoms (McKhann et al. 2001). AD and FTLD can
also be differentiated histopathologically. In AD, neuronal
loss is observed together with two hallmark lesions,
f-amyloid plaques and tau-containing neurofibrillary
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tangles (NFTs) (Goedert and Spillantini 2006). In FTLD
however, neuronal loss is found together with lesions that
typically consist of either aggregated tau or aggregated
TAR DNA-binding protein of 43 kDa (TDP-43), in the
absence of overt f-amyloid plaques (Cairns et al. 2007).

The microtubule-associated protein tau is a predomi-
nantly neuronal protein that, under physiological condi-
tions, promotes and stabilises the assembly of microtubules
(Lee et al. 2001). In neurodegenerative disorders with tau
pathology it becomes hyperphosphorylated at both physio-
logical and pathological sites (Ballatore et al. 2007). As a
result, tau detaches from microtubules and becomes solu-
ble. Furthermore, under normal physiological conditions,
tau is primarily localized to axons, however, hyperphos-
phorylated and soluble tau redistributes to the somato-
dendritic compartment in AD, and the somatoaxonal
compartment in PiD (Probst et al. 1996). Eventually,
hyperphosphorylated tau forms fibrillar aggregates and
assembles into insoluble deposits (Ballatore et al. 2007).
Although in AD and PiD these deposits have similar
ultrastructural characteristics, they can be clearly distin-
guished histologically (King et al. 2001). The intraneuronal
tau deposits in AD present as flame-shaped NFTs, whereas
the Pick bodies (PiB) that characterize PiD are typically
round, intraneuronal inclusions (Kril and Halliday 2001;
Uchihara et al. 2003). The question thus arises whether
there are differences in the post-translational modification
of soluble tau (Chen et al. 2004), such as phosphorylation,
that could explain the differences in the tau pathology in
AD and PiD.

Methods
Human brain tissue

Brain tissue was obtained from the National Neural Tissue
Resource Centre, the Australian Brain Bank Network and
the Cambridge Brain Bank as approved by the Human
Ethics Review Committees of the Universities of Sydney
and New South Wales. All procedures complied with the
statement on human experimentation issued by the
National Health and Medical Research Council of Australia.
All persons gave their informed consent prior to their
inclusion in the study. Frozen temporal cortex from four
sporadic AD cases (age range 67-78, mean 72 &£ 5; post-
mortem delay 52 &+ 24 h), four sporadic PiD cases (age
range 62-75, mean 71 £ 6; post-mortem delay: 12 + 5 h),
and four control cases (age range 73-79, mean 76 + 3;
post-mortem delay 51 4+ 11 h) was used for biochemical
analysis (Table 1). For histology and immunohistochemis-
try, fixed tissue from an additional three sporadic AD cases
(age range 67-83, mean 76 £ 8), three sporadic PiD cases
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(agerange 63—71, mean 67 * 4) and three control cases (age
range 62-83, mean 73 + 11) was used (Table 1). Controls
were free from psychiatric, neurological or neuropatho-
logical diseases. None of the AD or PiD cases had a family
history suggestive of an autosomal dominant disease.

Antibodies

Brain tissue was analysed with a range of phosphoryla-
tion-independent and -dependent antibodies. Total tau was
detected using Tau-5 (Millipore, Billerica, MA, USA;
amino acids 210-241). Specific tau phosphorylation sites
were investigated using the following phosphorylation-
dependent antibodies: AT270 to detect tau phosphorylated
at Thr181 (Pierce, Rockford, IL, USA); AT8 for tau
phosphorylated at Ser202/Thr205 (Pierce); AT100 for tau
phosphorylated at Ser212/Thr214 (Pierce); ATI180 for
tau phosphorylated at Thr231/Ser235 (Pierce); 12E8
for tau phosphorylated at Ser262/Ser356 (Dr Peter
Seubert, Elan Pharmaceuticals, South San Francisco, CA,
USA); PHF-1 for tau phosphorylated at Ser396/Ser404
(Dr Peter Davies, Albert Einstein College of Medicine,
Bronx, NY, USA) and pS422 for tau phosphorylated at

Table 1 Patient details

Diagnosis Age (y) Gender Brain weight (g) PMD (h)
Co 73 F 1,250 60
Co 77 F 1,336 36
Co 74 M 1,425 48
Co 79 M 1,448 60
Co* 83 F 1,275 24
Co* 75 M 1,306 44
Co* 62 M 1,334 10
AD 68 F 875 44
AD 75 F 1,206 80
AD 78 F 1,075 24
AD 67 M 1,235 60
AD? 67 F 1,140 23
AD* 83 M 1,071 36
AD? 77 F 1,345 48
PiD 62 F 1,150 12
PiD 73 F 1,120 4
PiD 72 F 900 16
PiD 75 F 810 15
PiD* 67 M 1,000 14
PiD* 63 F 1,060 5
PiD* 71 F 925 5

AD Alzheimer’s disease, Co healthy control, PiD Pick’s disease,
PMD postmortem delay

* Denotes tissue used for immunohistochemical analysis
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Serd22 (Invitrogen, Carlsbad, CA, USA). The following
antibodies were used to determine kinase levels and
activity: extracellular signal-regulated protein kinase
(ERK)1/2, jun N-terminal kinase (JNK)1/2, phosphory-
lated JNK1/2 (all Sigma), phosphorylated ERK1/2 (Cell
Signalling), GSK3f and S9 phosphorylated GSK3p
(both Abcam). Glyceraldehyde-3-phosphate-dehydrogenase
(GAPDH; Millipore) was used as loading control and to
normalize Western blots (Hoerndli et al. 2004). For visu-
alisation, alkaline phosphatase-coupled secondary anti-
bodies to mouse and rabbit IgG and IgM (Sigma) were
used for Western blotting, or biotinylated secondary anti-
bodies to mouse and rabbit IgG (Vector Laboratories,
Burlingame, CA, USA) for immunohistochemistry.

Histology and immunohistochemistry

Brains were removed at autopsy, weighed and the volume
determined by fluid displacement following fixation for 14
days in 15% neutral buffered formalin. After removal of
the cerebellum, the cerebrum was embedded in 3% agarose
and sliced at 3 mm intervals. Tissue from the hippocampal
formation at the level of the lateral geniculate nucleus
region was sampled, embedded in paraffin and sectioned for
further analysis. Bielschowsky and Gallyas silver stainings
of paraffin sections were performed following standard
procedures. Immunohistochemical analysis was carried out
as previously described (Ittner et al. 2005a, 2005b). Briefly,
3 pm sections were rehydrated through a descending series
of ethanol followed by antigen retrieval (except for detec-
tion with 12E8 and AT270) in citrate buffer (10 mM, pH
5.8) in an RHS-1 Microwave Vacuum Histoprocessor
(Milestone Medical, Sorisole, Bergamo, Italy) at a final
temperature of 120°C for 1 min. Sections were then treated
with 3% hydrogen peroxide for 20 min to quench endoge-
nous peroxidase activity. Non-specific binding sites were
blocked by incubating the sections in blocking buffer
(3% heat-inactivated normal goat serum, 2% bovine serum
albumin (BSA), 0.1% Tween-20 in PBS) for 1 h at room
temperature, followed by overnight incubation at 4°C with
primary antibodies diluted in blocking buffer. The follow-
ing primary antibody dilutions were used: PHF-1 (1:500),
ATS8 (1:250), 12E8 (1:5000), and AT270 (1:200). Sections
were then incubated with biotinylated secondary antibodies
(1:200) for 1 h at room temperature, visualised with Vec-
tastain Elite-DAB Kit (Vector Laboratories, Burlingame,
CA, USA) and counterstained with hematoxylin (Vector).
After dehydration, coverslips were mounted with DPX
Mountant (Sigma). To standardise the procedure, all stain-
ing was carried out simultaneously using Coverplates
(Thermo Scientific, Waltham, MA, USA) and Sequenza
slide racks (Thermo Scientific).

Protein extraction

Proteins were extracted from tissue samples as previously
described (Goedert et al. 1992). Briefly, 1 g of temporal
cortex was homogenised in 2 ml of RAB buffer (0.75 M
NaCl, 100 mM 2-(N-morpholino) ethanesulphonic acid,
1 mM EGTA, 0.5 mM MgSQ,, 2 mM dithriothreitol at pH
6.8, containing protease inhibitors; Roche, Basel, Swit-
zerland). Homogenates were incubated at 4°C for 20 min
whilst shaking and then centrifuged at 11,000g for 20 min
at 4°C. The supernatant was then centrifuged at 100,000g
for 60 min at 4°C. The resulting supernatant was retained
as the RAB-soluble protein fraction. For isolation of
insoluble proteins, the pellets from the first and second spin
were combined and resuspended in 10 ml (1:10w/v) of
extraction buffer (10 mM Tris, 10% sucrose, 0.85 M NaCl,
1 mM EGTA, pH 7.4) and centrifuged at 15,000g for
20 min at 4°C. After centrifugation, the supernatant was
retained and the pellet was re-extracted in 5 ml of extrac-
tion buffer and centrifuged at 15,000g for 20 min at 4°C.
The supernatant was then collected and combined with the
supernatant collected from the previous spin and treated
with 1% sarkosyl for 1 h at room temperature while
shaking. The supernatant was then centrifuged at 100,000g
for 30 min at 4°C. The resulting supernatant was then
removed and the pellet was resuspended in 50 mM Tris
(pH 7.4, 0.2 ml/g of starting tissue), constituting the
sarkosyl-insoluble protein fraction. Protein concentrations
were determined using a BioRad DC Protein Assay kit
(BioRad Laboratories, CA, USA) according to the manu-
facturer’s instructions with a BioRad Benchmark Plus
Microplate  Spectrophotometer (BioRad Laboratories,
CA, USA).

Western blots

Western blotting was performed as previously described
(Ittner et al. 2005a). Between 10 and 40 pg of RAB-soluble
protein or 2 pl aliquots of sarkosyl-insoluble proteins
obtained by the extraction procedure described above were
separated by 8% SDS-PAGE. The same controls were run
with either the AD or PiD samples to enable comparison
between blots. Proteins were electrophoretically transferred
to nitrocellulose membranes (Hybond ECL Amersham,
Rydalmere, NSW, Australia). For detection with ATS,
AT100 or AT180 antibodies, antigen retrieval was per-
formed following transfer by boiling the nitrocellulose
membrane for 1 min in PBS buffer (10 mM sodium
phosphate, 0.15 M NaCl, pH 7.5). Membranes were
blocked with 5% (BSA in Tris-buffered saline with 0.1%
Tween (TBS-T) at room temperature for 1 h, followed by
incubation with the primary antibodies in 5% BSA/TBS-T/
0.01% sodium azide overnight at 4°C whilst shaking.
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Antibodies were used at the following dilutions: Tau-5
(1:2,000), AT270 (1:1,000), AT8 (1:1,000), ATI100
(1:1,000), ATI180 (1:1,000), 12E8 (1:1,000), PHF-1
(1:1,000), pS422 (1:1,000), ERK1/2 (1:1,000), phosphory-
lated ERK1/2 (1:1,000), JNK1/2 (1:1,000), phosphorylated
JNK1/2 (1:1,000), GSK3p (1:1,000), phosphorylated
GSK3p (1:1,000) and GAPDH (1:5,000). Subsequently,
membranes were incubated with alkaline phosphatase-
coupled secondary antibodies (1:15,000) in 1% BSA for
30 min at room temperature. Protein bands were visualised
with Immobilon Chemiluminescent Alkaline Phosphatase
substrate (Millipore, North Ryde, NSW, Australia) and
detected in a VersaDoc Model 4000 CCD camera System
(BioRad, Gladesville, NSW, Australia). To determine
equal loading and for normalisation, membranes were
stripped by washing in ddH,O for 5 min, 0.2 M NaOH for
10 min and ddH,O for 5 min and then probed for GAPDH.
Quantification of bands was performed using BioRad
Quantity One 1-D analysis software v4.6 (BioRad). Band
intensities were normalized to individual GAPDH levels
and then to Tau-5.

Statistics

Statistical analysis was conducted with GraphPad Prism
5.00 software (GraphPad Software, Inc., CA, USA). For
comparisons, Student’s ¢ tests were used. All values are
given as mean =+ standard deviation (SD). A P value
< 0.05 was taken as statistically significant.

Results
Differences in pathologic tau in AD and PiD brains

The major constituent of the intracellular lesions in AD and
PiD is hyperphosphorylated tau (Buee et al. 2000). Here we
analysed hippocampal sections from AD, PiD and control
brains by immunohistochemistry using antibodies specific
for various phosphorylation epitopes of tau, including
AT270, ATS, AT100, AT180, 12E8, PHF-1 and pS422
(Fig. 1 and data not shown). In AD, PHF-1, AT8 and 12ES8
stained NFTs, neuropil threads and plaque-associated
dystrophic neurites throughout the CA1l and, less fre-
quently, the dentate gyrus. Staining with AT270 showed a
similar profile, albeit with a lower staining intensity. In
PiD, ovoid-shaped inclusions consistent with PiBs stained
with PHF-1, AT8 and intensely with AT270 but not with
12E8; these inclusions were found in pyramidal neurons of
the CAl, and more frequently in neurons throughout the
granular layer of the dentate gyrus. The absence of 12ES8
immunoreactivity in PiD is a well-documented character-
istic of the disorder (Bell et al. 2000; Probst et al. 1996).

@ Springer

CA1 Dentate Gyrus

Fig. 1 Immunohistochemical analysis of tau phosphorylation in the
CA1 sector and dentate gyrus of Alzheimer’s disease (AD) and Pick’s
disease (PiD). Sections of the hippocampal CAl region and dentate
gyrus stained with phosphorylation-dependent antibodies to different
epitopes of tau: PHF-1, ATS8, 12E8 and AT270. In AD, PHF-1, AT8
and 12E8 show frequent staining of flame-shaped neurons in both the
CAl region and the dentate gyrus. A similar profile is seen with
AT270, although with a lower staining intensity. In PiD, PHF-1 and
ATS8 show neuronal tau inclusions (arrows) in both the CAl region
and dentate gyrus. Staining with AT270 shows a similar profile,
although with a greater staining intensity. Tau deposition in PiD is
12E8 negative, in agreement with previous findings. Insets show
higher magnification of dentate gyrus neurons. No staining is found in
controls (data not shown). Scale bar = 50 pm

Neuropil threads were also observed throughout the dentate
gyrus and CALl in PiD. No staining was observed in the
controls (data not shown). Taken together, the histopa-
thological analysis reveals neurofibrillary lesions and tau
phosphorylation patterns that are distinct in AD and PiD.

Sarkosyl-insoluble tau in AD and PiD

Hyperphosphorylation of tau causes it to become prone to
aggregation and eventually leads to the formation of
insoluble intracellular deposits (Alonso et al. 2001).
Sarkosyl extraction is routinely used to isolate and char-
acterise insoluble tau from AD brain (Goedert et al. 1992).
Here we used this method to compare tau solubility in four
AD, four PiD and four control brains. When we analysed
the sarkosyl-insoluble protein fractions by Western blotting
using phosphorylation-independent and -dependent anti-
bodies the antibody Tau-5 (total tau) revealed abundant
sarkosyl-insoluble tau in both AD and PiD whereas mini-
mal sarkosyl-insoluble tau was detected in the controls
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(Fig. 2a, b). The phosphorylation-dependent antibodies
PHF-1, AT8 and 12ES8 (Fig. 2a, b), AT270, AT180, and
pS422 (data not shown) revealed that sarkosyl-insoluble
tau was phosphorylated at multiple sites in both AD and
PiD brains. Taken together, we found abundant hyper-
phosphorylated, sarkosyl-insoluble tau in both AD and PiD
extracts, consistent with previous reports [reviewed in
(Buee and Delacourte 1999)].

Differences in levels and phosphorylation profiles
of soluble tau in AD and PiD

In the course of disease, progressive phosphorylation of
soluble tau eventually leads to its deposition (Alonso et al.
1996). Furthermore, work in mice suggests an important

role for soluble tau in neuronal dysfunction and memory
impairment (Roberson et al. 2007; Santacruz et al. 2005).
We speculated that alterations to soluble tau in AD and PiD
may contribute to the formation of different tau lesions in
these disorders. Therefore, we analysed and compared
RAB-soluble protein preparations from four AD, four PiD
and four control brains by Western blotting (Fig. 3a, b).
We found that RAB-soluble tau levels were decreased in
AD compared to controls and PiD, as revealed by Tau-5.
Furthermore, Western blot analysis of RAB-soluble protein
fractions with a range of phosphorylation-dependent tau
antibodies showed that RAB-soluble tau was highly
phosphorylated in both AD and PiD (Fig. 3c, d). Interest-
ingly, phosphorylation of RAB-soluble tau was more pro-
nounced at the PHF1 and pS422 epitopes when AD was
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Fig. 2 Sarkosyl-insoluble tau in Alzheimer’s disease (AD) and Pick’s
disease (PiD). a Sarkosyl-insoluble protein fractions, extracted from
four control, four AD and four PiD brains, analysed by Western
blotting using the phosphorylation-independent antibody to Tau-5,
and the phosphorylation-dependent antibodies PHF-1, AT8 and 12E8.
The hash indicates the range of bands used for quantification. b The
band intensities are quantified and the results displayed as fold of AD.
Levels of sarkosyl-insoluble tau are higher in AD and PiD brain

PHF-1

AT8 12E8

extracts compared with controls. Although total levels of sarkosyl-
insoluble tau (Tau-5) are greater in PiD, both AD and PiD
preparations show similar degrees of phosphorylation at the PHF-1
and ATS epitopes indicating a relatively greater amount of sarkosyl-
insoluble tau phosphorylation in AD compared with PiD. Consistent
with the immunohistochemistry (Fig. 2), 12E8 phosphorylation was
only prominent in AD. Data are presented as mean + SD. *P < 0.05,
##P < 0.01, ¥**P < 0.001
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compared with PiD, whereas the AT270 epitope was more
prominent in PiD. Phosphorylation of RAB-soluble tau at
the AT8 (data not shown), AT100 and AT180 epitopes was
comparable in AD and PiD. In contrast, phosphorylation of
RAB-soluble tau at the 12E8 epitope was generally lower
in PiD than in AD, although it was slightly increased in AD
compared to controls. Overall, the degree of phosphoryla-
tion was more variable in PiD than in AD.
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Differently activated tau kinases in AD and PiD

Given the differences in RAB-soluble tau phosphorylation
in AD and PiD, we next addressed whether there are also
differences in the activity of tau kinases, using activation-
dependent antibodies. Active ERK 1/2 was increased in
AD and, even more so in PiD (Fig. 4a, b). In contrast,
glycogen synthase kinase 35 (GSK3p) and c-JNK 1/2 (also
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termed stress-activated protein kinase 1) showed increased
activation primarily in AD (Fig. 4a, c, d). Basal expression
levels of these kinases were not different. Taken together,
we show that RAB-soluble tau is phosphorylated at mul-
tiple sites in both AD and PiD, with distinct differences in
the kinase activation and tau phosphorylation profiles
(Table 2).

Conclusion

Although the pathological hallmarks of AD and PiD both
consist of hyperphosphorylated tau aggregates (Cairns
et al. 2007), the flame-shaped NFTs of AD and the
spherical PiBs of PiD appear remarkably different. Con-
sistent with the criteria for AD and PiD diagnosis (Cairns
et al. 2007), we found numerous intraneuronal lesions
containing tau. As is typical for PiD, PiBs stained with all
phospho-tau antibodies but 12E8 (Probst et al. 1996).
Furthermore, analysis of sarkosyl-insoluble protein prepa-
rations with phosphorylation-dependent antibodies con-
firmed its hyperphosphorylation at multiple epitopes (not
shown).

When tau becomes phosphorylated, its affinity for
microtubules decreases, resulting in its detachment
(Ballatore et al. 2007). Hyperphosphorylation of soluble
tau may therefore represent the first step in a pathological
cascade that leads to the deposition of tau (Buee et al.
2000). In this study, we show reductions in the levels of
RAB-soluble tau from AD brains, consistent with previous

Table 2 Degree of phosphorylation at specific epitopes of RAB-
soluble and sarkosyl-insoluble tau

Epitope RAB-soluble tau Sarkosyl-insoluble tau
AD PiD AD PiD
AT270 + +++ +++ +++
ATS ++ ++ ++ ++
AT100 +++ ++ n.a. n.a.
AT180 +++ +++ ++++ ++
12E8 + 0 +++ +
PHF1 ++++ ++ ++++ ++
pS422 +++ ++ ++++ ++

AD Alzheimer’s disease, PiD Pick’s disease, n.a. not analysed

findings (Ledesma et al. 1995; Zhukareva et al. 2003). This
reduction may result from the recruitment of soluble tau to
the insoluble pool, as suggested previously (Rizzu et al.
2000; Wang et al. 2007). Despite the reduction in RAB-
soluble tau levels, overall tau levels are increased in AD,
reflecting insoluble tau. In contrast to AD, levels of RAB-
soluble tau in PiD and controls were comparable suggest-
ing that in PiD sequestration of tau into the insoluble pool
does not cause a reduction in the levels of soluble tau.
Despite lower levels of RAB-soluble tau in AD com-
pared with PiD, RAB-soluble tau was more phosphorylated
in AD than in PiD. However, one should take into account
the higher post-mortem delay in our AD samples compared
to PiD (52 vs. 12 h). Long post-mortem delays can lead to
reduced phosphorylation of tau preparations (Ferrer et al.
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2007). Hence, phosphorylation levels of RAB-soluble tau
may be even higher in AD compared to PiD. In addition to
differences in overall phosphorylation levels, phosphory-
lation of tau at particular sites discriminates AD and PiD.
In AD, RAB-soluble tau is highly phosphorylated at the
PHF-1 and pS422 epitopes compared to PiD, whereas the
AT270 epitope displays more prominent phosphorylation
in PiD compared to AD. Similarly, IHC showed intense
AT?270 staining of PiBs in PiD, while staining in AD was
less pronounced. These site-specific differences may reflect
differences in the balance of kinases and phosphatases that
drive pathological phosphorylation of tau in AD and PiD
(Chen et al. 2004). Whereas individual kinases and phos-
phatases in AD have been widely addressed, their roles in
PiD remain to be elucidated (Gotz 2001). Consistent with
previous reports (Pei et al. 1999, 2002), we show that
several tau kinases display increased activity in AD,
including ERK, GSK3f and JNK. Of those, only ERK was
significantly activated in our PiD samples, even more than
in AD. Whereas it has been suggested that the AT270
epitope of tau is predominantly phosphorylated by ERK,
other sites are similarly phosphorylated by ERK and other
kinases (Buee-Scherrer and Goedert 2002). Hence, it is
possible that ERK is a driving tau kinase in PiD. Inhibitors
of kinases such as GSK3, CDKS5 and ERK, have emerged
as promising drugs for the treatment of AD and related
neurodegenerative disorders (Mazanetz and Fischer 2007).
However, differences in kinase activation in AD and PiD
may have to be considered in this therapeutic approach.

Taken together, levels of soluble tau are higher in PiD
than in AD, whereas phosphorylation of soluble tau is more
pronounced in AD. Although conclusions from small
cohorts need to be made carefully, we show differences in
soluble tau phosphorylation in AD vs PiD. This may con-
tribute to the distinct histopathological characteristics of
tau pathology in AD and PiD. Similar studies with larger
cohorts are however needed. The relevance of soluble tau
is supported by recent animal studies, which suggest that
distinct soluble tau species, rather than the insoluble tau
aggregates, cause neuronal dysfunction and degeneration
(Gotz and Ittner 2008). Which tau form exerts the greatest
neurotoxic effect remains to be elucidated.
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