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ed by the human leukocyte antigen DP-DQ-DR, were de-

tected in the cortex and hippocampus. IL-1 �  and COX-2 

expression were induced in neuronal and glial cells. These 

neuroinflammatory changes were different from those ob-

served in the brain of the patient bearing the +3 mutation, 

where macrophage infiltration was absent, microglial cells 

displayed an earlier stage of activation and COX-2 was not 

detected.  Conclusions:  Our findings suggest that microglial 

activation and the production of proinflammatory media-

tors by phospho-tau-positive neurons and glial cells may dif-

ferentially contribute to neuronal death and disease pro-

gression in neurodegenerative tauopathies. 

 Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 Intracellular filamentous inclusions made of microtu-
bule-associated tau protein are characteristic histopatho-
logical features of a series of neurodegenerative diseases 
named tauopathies, such as frontotemporal dementia 
and parkinsonism linked to chromosome 17 with tau 
mutations (FTDP-17T), progressive supranuclear palsy, 
corticobasal degeneration (CBD) and Alzheimer’s disease 
(AD). FTDP-17T is a hereditary neurodegenerative disor-
der which is characterized by a spectrum of clinical phe-
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 Abstract 

  Background:  Recent findings, showing the presence of an 

inflammatory process in the brain of transgenic mice ex-

pressing P301S mutated human tau protein, indicate that 

neuroinflammation may contribute to tau-related degener-

ation in frontotemporal dementia and parkinsonism linked 

to chromosome 17 with tau mutations (FTDP-17T).  Objec-
tive:  To investigate the occurrence of neuroinflammatory 

changes in the brain of a patient affected by FTDP-17T asso-

ciated with the P301S mutation and showing a frontotempo-

ral dementia phenotype as well as in the brain of a patient 

affected by another FTDP-17T phenotype: multiple system 

tauopathy with presenile dementia.  Methods:  We used im-

munohistochemical methods to visualize activated microg-

lia, interleukin-1 �  (IL-1 � )-, cyclooxygenase-2 (COX-2)-ex-

pressing cells.  Results:  In the brain of the patient with the 

P301S mutation, a strong neuroinflammatory reaction was 

present. Activated microglia/infiltrating macrophages ex-

pressing the cluster of differentiation 68 and major histo-

campatibility complex class II cell surface receptors, encod-
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notypes ranging from an FTD-predominant to a parkin-
sonism-predominant type  [1, 2] .

  Numerous mutations on the tau gene have been linked 
to FTDP-17T  [3] . In 1999, Bugiani et al.  [4]  described the 
first family with the P301S tau gene mutation, which was 
associated with FTD and CBD phenotypes in different 
members of the same family  [5] . Indeed, the father was 
affected by FTD with an early-onset dementia, rigidity 
and epilepsy. The son, at a similar age of onset, showed 
CBD symptoms, indicating that the same gene mutation 
could lead to different clinical phenotypes. Neuropatho-
logically, the father presented an extensive filamentous 
pathology made of hyperphosphorylated tau in neurons, 
oligodendroglia and astrocytes. Cellular degeneration 
and cerebral atrophy prevailed in frontotemporal re-
gions, basal ganglia and upper brainstem. Only clinical 
and genetic data are available for the son with CBD.

  In 2002, a transgenic mouse model expressing human 
P301S-mutated tau protein under the control of the Thy1 
promoter was produced and characterized  [6] . Homozy-
gous animals from this line develop a neurological pheno-
type dominated by a severe motor deficit and motor neu-
ron degeneration at 5–6 months of age. In these mice, nu-
merous filamentous tau deposits are found in neurons in 
both brain and spinal cord. Tau aggregates are associated 
with marked neuroinflammation  [7] . Indeed, besides mi-
crogliosis, many neurons in the brainstem and spinal cord 
are strongly immunoreactive for interleukin 1 �  (IL-1 � ) 
and cyclooxygenase 2 (COX-2). These tau-associated in-
flammatory events may play a significant role in the pro-
gression of tau-related diseases. On this line, another 
study on a different P301S transgenic mouse model  [8]  
showed that microglia activation, hippocampal synapse 
loss and impaired synaptic function precede fibrillary 
tangle formation. Immunosuppression of young P301S 
transgenic mice attenuated tau pathology and increased 
their lifespan. Consistently, the anti-inflammatory action 
of donepezil has recently been found to ameliorate tau pa-
thology, synaptic loss and neurodegeneration in this 
P301S transgenic mouse line  [9] , thereby linking neuroin-
flammation to the progression of the disease.

  Brain inflammatory reaction, firstly induced as a de-
fense response against abnormal protein accumulation, is 
then able to participate in the neurodegenerative process, 
by raising the production of a series of proinflammatory 
mediators which can be toxic to neurons  [10] . Although 
several observations have confirmed a direct link
between the neuroinflammatory reaction and disease 
pathogenesis in other tauopathies such as AD  [11] , the oc-
currence of inflammation in the brain of patients affected 

by FTDP-17T and its contribution to disease progression 
remain unknown. To address this issue, we studied mi-
croglia activation, IL-1 �  production and COX-2 expres-
sion in the brain of a patient affected by familial FTDP-17T 
with a FTD phenotype caused by the P301S mutation in 
the tau gene and of a patient affected by a FTDP-17T with 
a different phenotype, multiple system tauopathy with pre-
senile dementia (MSTD) linked to the +3 mutation in the 
intron following the exon 10 of the tau gene  [12, 13] .

  Methods 

 P301S Patient 
 At the age of 29 years, this patient was affected by depressive 

mood, memory loss and difficulty in concentrating. Two years 
later grasp reflex, brisk tendon reflexes, slight rigidity, moderate 
defects of spoken expression, severe memory loss and inappropri-
ate behavior were diagnosed. Subsequently, the patient presented 
progressive disorientation, inability to communicate as well as 
occasional visual and auditory hallucinations and persecutory de-
lusions. Death occurred at 36 years of age.

  MSTD Patient 
 This patient presented at the age of 52 years with disinhibition, 

social conduct disorder, dysexecutive symptoms and memory im-
pairment. Progressive reduction of speech output was evident as 
well as personality changes and word-finding difficulties. Death 
occurred at the age of 58 years.

  Antibodies 
 A monoclonal antibody (1:   50, Dako Cytomation, Glosdrup, 

Denmark) directed against cluster of differentiation 68 (CD68) re-
ceptor was used to recognize microglia/macrophages. Activated 
microglia/macrophages were detected by a monoclonal antibody 
directed against the major histocompatibility complex class II re-
ceptors encoded by the human leukocyte antigen DP-DQ-DR 
(HLA-DP-DQ-DR; 1:   50; Dako Cytomation). Two polyclonal anti-
sera (1:   200; Santa Cruz Biotechnology, Santa Cruz, Calif., USA) 
were used to detect IL-1 �  and COX-2. Monoclonal antibodies AT-8 
(1:   750; Innogenetics, Ghent , Belgium)  [14]  and AT-100 (1:   750; In-
nogenetics)  [15]  and polyclonal antiserum AP-422  [16]  were used 
to detect tau phosphorylated at S202, T205 and T212, S214 and 
S422, respectively. 

  Immunohistochemistry 
 Paraffin-embedded cortical and hippocampal sections from 

the brain of the P301S and MSTD +3 patients were prepared as 
previously described  [4, 12] . For immunohistochemistry, paraf-
fin-embedded sections were rehydrated, and antigen unmasking 
was performed boiling twice the sections in 10 m M  citrate buffer, 
pH 6.0, for 1 s with a 5-min interval in the microwave. For single-
labeling immunohistochemistry, sections were rinsed in phos-
phate-buffered saline (PBS) 0.1  M,  pH 7.4, and then incubated at 
room temperature for 20 min with a solution of 0.3% Triton X-100, 
20% methanol and 1.5% H 2 O 2  in PBS. This step was followed by 
a further 30-min incubation with blocking solution containing 
0.3% Triton X-100, 2 g/l bovine serum albumin, and 3%, normal 



 Neuroinflammation in FTDP-17T Cases Neurodegenerative Dis 2011;8:221–229 223

goat serum for the polyclonal antibodies or normal horse serum 
for the monoclonal antibodies in PBS. Sections were then incu-
bated overnight at 4   °   C with the primary antibody diluted in 
blocking solution. On the second day, they underwent an incuba-
tion for 1 h at room temperature with the appropriate biotinylated 
secondary antibody (Vectastain; Vector Laboratories, Burlin-
game, Calif., USA) diluted 1:   1,000 in blocking solution. The im-
munostaining was visualized with an avidin-biotin system (Vec-
tastain; Vector Laboratories) and 3 � ,3 � -diaminobenzidine or SG 
substrate as the chromogen (DAB kit, SG kit; Vector Laborato-
ries). Sections were then mounted on glass slides, examined using 
a light microscope (Leica Microsystems, Milton Keynes, UK) and 
photographed using a digital camera (Leica Microsystems). For 
double labeling, after diaminobenzidine staining, sections un-
derwent another cycle of staining that was revealed with the Vec-
tor Nova Red kit (Vector Laboratories).

  For colocalization experiments, after rehydration and antigen 
unmasking, sections were incubated for 30 min with blocking so-
lution containing 0.25% Triton X-100, 5% normal goat serum and 
2 g/l bovine serum albumin in 0.1  M  PBS, pH 7.4, and then over-
night at 4   °   C with the primary antibody. On the second day, sec-

tions were incubated for 1 h in the dark with the appropriate 
 fluorescent secondary antibody (FITC green or Cy5 red Alexa, 
Molecular Probes, Leiden, the Netherlands) diluted 1:   200 in 
blocking solution. Sections were then incubated with the second 
primary antibody overnight at 4   °   C. On the third day, slices were 
incubated for 1 h at room temperature with the second fluorescent 
antibody diluted 1:   200 in blocking solution, then mounted on 
slides using Vectashield mounting medium (Vector Laboratories) 
and examined by fluorescence microscopy. 

  Results 

 Microglia/Macrophages and Tau Double Labeling 
 In the cortex and hippocampus of the patient bearing 

the P301S mutation, CD68 antibody, recognizing both 
microglial cells and macrophages  [17] , labeled numerous 
cells with ameboid morphology which were reminiscent 
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  Fig. 1.  CD68 (black staining) and AP-422 (red staining; colors in 
the online version only) double labeling.  a  CD68-positive round-
shaped cells (arrows) in the hippocampal white matter of the pa-
tient with the P301S mutation. Note the abundance of these cells 
in the surroundings of the blood vessel (asterisk) indicative of 
macrophage infiltration.  b  CD68-immunoreactive cells (arrows) 
cluster around AP-422-positive neurons (red-labeled cells) in the 
hippocampal gray matter of the P301S patient.  c  High magnifica-
tion of the square in  b  showing the round-shaped morphology of 
CD68-positive cells (arrows) in the surroundings of an AP-422-
positive neuron.  d  CD68 (black staining) and AP-422 (red stain-
ing) double labeling. In the brain of the patient with the +3 muta-
tion, CD68-antibody-labeled cells with swollen cell bodies and 
thick shortened but still ramified processes in the parenchyma 
and in the surroundings of AP-422-positive neurons (indicated 
by the arrowheads).  a ,  b ,  d  Scale bar = 100  � m;  c  scale bar = 40 
 � m. 
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of activated microglia ( fig. 1 a, arrows), in the parenchy-
ma of the white matter, where they were found to be par-
ticularly concentrated around blood vessels ( fig. 1 a, as-
terisk), suggesting that a quota of these cells could be 
represented by perivascular microglia/infiltrating mac-
rophages. In the gray matter of the cortex and hippocam-
pus, numerous CD68-positive cells ( fig. 1 b, black stain-
ing) were present in the surroundings of AP-422-positive 
neurons ( fig. 1 b, red staining in the online version). In-
deed, higher magnification of the area in the square
in  figure 1 b confirmed that CD68 immunoreactivity 
( fig. 1 c, arrows) was localized around the phosphorylat-
ed-tau-positive neurons ( fig. 1 c, red staining in the on-
line version).

  In the brain of the patient affected by FTDP-17 with 
the +3 mutation ( fig. 1 d), activated CD68-positive cells 
displayed a branched microglial morphology with swol-
len cell bodies and thick and short but still ramified pro-
cesses indicative of an early stage of activation. Some of 
these cells clustered around AP-422-positive neurons 
( fig. 1 d, arrowheads).

  Double labeling with AP-422 and HLA-DP-DQ-DR 
antibodies revealed that in the cortex (not shown) and 
hippocampus ( fig. 2 a) of the patient with the P301S muta-
tion numerous HLA-DP-DQ-DR-positive cells (large ar-
rows) with a round shape morphology reminiscent of ac-
tivated microglia/macrophages were localized in the sur-

roundings of AP-422-positive neurons (thin arrows). In 
the patient affected by MSTD ( fig. 2 b), activated microg-
lial cells (arrow) with thick but long processes and swol-
len cell bodies clustered around AP-422-positive neu-
rons.
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  Fig. 2.  HLA-DP-DQ-DR (black staining) and AP-422 (red stain-
ing; colors in the online version only) double labeling.  a  Cortex of 
the patient with the P301S mutation. Note the presence of numer-
ous cells with ameboid morphology (large arrows) in the sur-
roundings of AP-422-positive neurons (thin arrows, red cells).

 b  Cortex of the patient affected by FTDP-17T with the +3 muta-
tion. Note the presence of clusters of bushy activated HLA-DP-
DQ-DR-positive microglial cells (arrow).  a  Scale bar = 50  � m;
 b  scale bar = 80  � m. 

  Fig. 3.  IL-1       � -positive cells in the brain of the patients with P301S 
( a–h ) and +3 ( i–k ) mutations.  a  IL-1 � -staining in neuronal (large 
arrows) cells in the cortical gray matter. Please note the presence 
of numerous IL-1 � -positive dots (thin arrows).  b  IL-1 � -positive 
round-shaped dots in the white matter of the cortex (thin arrows). 
 c ,  d  Double-labeling immunofluorescence staining for IL-1 �  
(green; colors in the online version only) and tau phosphorylated 
at S202 and T205 (antibody AT-8; red) in the hippocampus of the 
patient with the P301S mutation.  e  Merged image of the pictures 
in  c  and  d  showing the expression of IL-1 �  within the AT-8-pos-
itive neurons that is confirmed by the yellow color.  f ,  g  Double-
labeling immunofluorescence staining for IL-1 �  (green) and tau 
phosphorylated at T212 and S214 (antibody AT-100; red) in the 
hippocampus of the patient with the P301S mutation.  h  Merged 
image of the pictures in  f  and  g  showing the expression of IL-1 �  
within the AT-100-positive neurons that is confirmed by the yel-
low color.  i ,  j  Double-labeling immunofluorescence staining for 
IL-1 �  (green) and AT-8-positive tau protein in the cortex of the 
patient with the +3 mutation.  k  Merged image of the pictures in  i  
and  j  showing expression of IL-1 �  within some of the AT-8-posi-
tive neurons and degenerating neuritis as confirmed by the yellow 
color (arrows).  a ,  i–k  Scale bar = 150  � m;  b  scale bar = 210  � m; 
 c–e  scale bar = 100  � m;  f–h  scale bar = 80  � m. 
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  IL-1 �  and COX-2 Immunoreactivity 
 In the cortex and hippocampus of the P301S patient, 

numerous IL-1 � -positive cells were observed. In particu-
lar, we found that in the cortical ( fig. 3 a) and hippocam-
pal (not shown) gray matter, IL-1 � -labeling was mostly 
localized in the cytoplasm of neurons. In the gray and 
white matter of the cortex ( fig. 3 a and b, respectively) and 
hippocampus (not shown), several IL-1 � -immunoreac-
tive round-shaped dots were also visible. In the cortex 

( fig. 3 c, h) and hippocampus (not shown), IL-1 �  labeling 
colocalized both with AT-8 ( fig. 3 d) and AT-100 ( fig. 3 g) 
immunoreactivities as shown by the merged images 
( fig. 3 e, h). In the patient with the +3 mutation ( fig. 3 i–k), 
only some of the AT-8-positive neurons showed IL-1 �  la-
beling ( fig. 3 i, arrows).

  As for the IL-1 �  labeling, COX-2 immunoreactivity in 
the gray matter of the cortex ( fig. 4 a) and hippocampus 
(not shown) was localized in small round-shaped dots 

a b

c d

e

  Fig. 4.  COX-2 immunoreactivity in the brain of the patient with 
the P301S mutation.  a  COX-2-immunopositive round-shaped 
macrophage-like cells in the parenchyma (large arrows) and 
around (thin arrows) neurons (arrowheads) in the cortex.  b  Note 
the presence of COX-2-positive macrophage-like cells in the sur-
roundings of blood vessels (arrows).  c  Some COX-2-positive neu-
rons are present in the gray matter of the hippocampus (arrows). 
 d  Double labeling for COX-2 (black) and tau phosphorylated at 

S202 and T205 (antibody AT-8; red in the online version only) in 
the hippocampus. Note the presence of COX-2 staining in phos-
phorylated-tau-positive neurons (arrow).  e  Higher magnification 
of the square in  d . Please note the presence of the COX-2 dark la-
beling in the phosphorylated-tau-po sitive neuron.  a  Scale bar = 
80  � m;  b  scale bar = 150      � m;    c  scale bar = 165  � m;  d  scale bar = 
170    � m.  e  scale bar = 35      � m. 
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(indicated by the large arrows in  fig. 4 a). In these areas, 
COX-2-positive dots were located in the parenchyma of 
the gray matter ( fig. 4 a, large arrows) and around ( fig. 4 a, 
thin arrows) neuronal cell bodies ( fig. 4 a, arrowheads). 
Furthermore, we observed that some COX-2-immu-
nopositive dots were also localized in the surroundings 
of blood vessels ( fig.  4 b, arrows) as the CD68-immu-
nopositive infiltrating cells. In the gray matter of the cor-
tex (not shown) and hippocampus ( fig. 4 c), some COX-2-
positive neurons were also present. Double-labeling im-
munohistochemistry with COX-2 (black) and AT-8 (red 
in the online version) antibodies revealed that some of the 
hyperphosphorylated-tau-positive neurons were COX-2-
immunoreactive (indicated by the arrows in  fig. 4 d). In-
deed, COX-2 labeling was localized within the cytoplasm 
of phosphorylated-tau-positive neurons ( fig. 4 e).

  In the patient with the +3 mutation, no COX-2 stain-
ing was visible (not shown).

  Discussion 

 The results presented in this paper indicate that in the 
brain of patients affected by FTDP-17T bearing the P301S 
and +3 mutation, brain inflammation is differentially ac-
tivated. The main differences between the neuroinflam-
matory changes observed in the patients bearing the 
P301S and +3 mutation have been summarized in  table 1 .

  In the brain of the P301S patient, CD68 and HLA-DR 
immunoreactivities were present in cells showing an 
ameboid phenotype with swollen cell bodies, reminiscent 
both of activated microglia and/or infiltrating macro-

phages. These findings recall the microgliosis observed 
in the brain of the P301S transgenic mice  [7]  where we 
showed that a strong CD11b-positive microglia activa-
tion, with a small portion of cells expressing major histo-
compatibility complex class II antigens, is present in areas 
rich in phospho-tau-positive neurons. Indeed, in the 
brain of the P301S patient, these cells were particularly 
concentrated in the surroundings of phosphorylated-tau-
positive neurons in the cortex and hippocampus and oth-
er areas where phospho-tau-positive deposits were abun-
dant, such as the subcortical white matter  [4] . Further-
more, in agreement with the previous observations by 
Bugiani et al.  [4] , showing the presence of PAS-positive 
macrophages in demyelinated areas in the brain of the 
P301S patient, the presence of numerous CD-68-positive 
cells around blood vessels may indicate that the reactive 
microgliosis is likely accompanied by a remarkable mac-
rophage infiltration. Indeed, although it is impossible to 
discriminate activated microglial cells from infiltrating 
macrophages on the basis of their morphological charac-
teristics and biochemical markers, it is feasible that part 
of the perivascular and parenchymal ameboid cells could 
be infiltrating macrophages.

  However, these findings may also indicate that acti-
vated microglia has evolved into a macrophagic state, a 
condition that occurs during chronic neuroinflamma-
tion, when neurons continue to send out activating sig-
nals  [18] . This might have been the case of the P301S pa-
tient, as in his brain numerous phospho-tau-positive neu-
rons were also positive for IL-1 �  and COX-2. These 
changes may have preceded another process, microglia 
degeneration, which induces a pathway of slow neuronal/

Table 1.  Summary of the main immunohistochemical findings observed in the brain of the patients with the P301S or +3 mutations

CD68-positive cells HLA-DP-DQ-DR-positive cells IL-1� COX-2

P301S +++
Ameboid morphology, 
around blood vessels,
around AP-422- 
positive neurons,
in the parenchyma

+++
Ameboid morphology, around 
AP-422-positive neurons

+
Observed in neuronal 
 cytoplasm, colocalized 
with hyperphosphorylat-
ed tau; presence of some 
immunoreactive dots

+
Observed in neuronal cyto-
plasm in some of the hyper-
phosphorylated-tau-positive 
neurons; 
some immunoreactive dots in 
the parenchyma and around 
blood vessels in the gray matter

MSTD +3 ++
Branched morphology, 
around AP-422- 
positive neurons

++
Branched morphology, around 
AP-422-positive neurons

+
Observed in neuronal 
 cytoplasm, partially 
 colocalized with the 
 hyperphosphorylated-
tau-positive neurons

Not detected
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glial degeneration as a consequence of the loss of microg-
lial support to neuronal cells  [18] . Thus, the broad atro-
phy of the brain of the P301S patient might have been the 
result of the severe neuronal/glial cell loss which has oc-
curred in response to the pathological hyperphosphory-
lated tau deposition.

  Furthermore, we observed the presence of IL-1 � -pos-
itive round-shaped dots reminiscent of the activated 
ameboid microglial cells in the parenchyma of the gray 
matter and around neuronal cell bodies in the white mat-
ter. Interleukin-1 �  levels are known to be increased in the 
brain of AD patients  [11] . Its production can be induced 
by noxious stimuli such as hypoxia, ischemia, traumatic 
insults and abnormal protein accumulation in microglia, 
astrocytes and neurons  [19] . Functionally, IL-1 �  acts as a 
chemotactic factor, which has also been demonstrated to 
induce COX-2 in nerve cells  [20, 21] , but recent findings 
indicate that IL-1 �  can also promote the expression and 
phosphorylation of tau protein in rats  [22] . Together with 
our previous data on P301S transgenic mice  [7] , the pres-
ent observations confirm that IL-1 �  expression can be 
induced in phospho-tau-positive neurons. Its induction 
might have driven multiple events such as microglia/
macrophage activation, tau protein phosphorylation and 
COX-2 expression. On the other hand, neuronal COX-2 
induction could also have been involved in the onset of 
tau pathological alterations. Indeed, COX-2 induction re-
sults in the production of prostaglandins that may in turn 
activate several intracellular kinases such as the p38 mi-
togen-activated protein kinase which is known to phos-
phorylate tau on specific sites  [23] . On this line, several 
studies indicate that COX-2 is induced in neuronal cells 
in the brain of patients affected by other tau-related dis-
eases such as AD  [24, 25] . Indeed, it has been described 
that in the AD brain COX-2 and cell cycle changes occur 
in the temporal cortex during early Braak stages prior to 
the maximal activation of astrocytes and microglia  [26] . 
Thus, it may be feasible that COX-2 production by neuro-
nal cells in the brain of the patient with the P301S muta-
tion may reflect the activation of molecular mechanisms 
induced in response to intraneuronal accumulation of 
hyperphosphorylated tau, which may be involved in the 
onset of neuronal dysfunctions, rather than in the neuro-
inflammatory process. However, in the patient with the 
P301S mutation, COX-2 was expressed in neurons and in 
numerous round-shaped dots, in the parenchyma of the 
white matter and in the surroundings of several neurons 
in the gray matter. Remarkably, previous studies have 
shown that IL-1 �  does not stimulate COX-2 induction in 
microglial cells  [27]  except for perivascular microglia and 

infiltrating macrophages where COX-2 can be induced 
following IL-1 �  injection into the brain  [28] . Thus, the 
COX-2-immunopositive dots could be either perivascu-
lar microglia or infiltrating macrophages which could 
have been stimulated by IL-1 �  production by neuronal 
cells.

  As for the brain of the patient affected by MSTD bear-
ing the +3 mutation, we also found evidence of microglia 
activation around phospho-tau-positive neurons, part of 
which were IL-1 �  positive. Nonetheless, it is important to 
outline that in the brain of this patient the CD68- and 
HLA-DP-DQ-DR-positive cells displayed an earlier phe-
notype of activation from a morphological examination 
and we did not detect COX-2 immunoreactivity. These 
findings may reflect important differences between the 
neuroinflammatory process observed in these patients. 
Indeed, our results indicate that in the patient with the 
P301S mutation, where there was an extensive neuronal 
tau pathology, the inflammatory reaction, involving neu-
ronal, microglial and macrophage cells, was severely ac-
tivated. In the brain of the patient bearing the +3 muta-
tion, we also found evidence of an ongoing inflammatory 
process, as we observed an earlier stage of microglia acti-
vation and neuronal IL-1 �  production in hyperphos-
phorylated-tau-positive neurons, in the absence of ame-
boid cells and COX-2 induction. Whether the difference 
between the two cases is related to the fact that in the 
P301S case tau is mutated, while in the +3 case there is 
only an increase of the normal 4R tau, is not known.

  Taken together our observations confirm that patho-
logical tau alterations within neuronal cells are able to 
induce important neuroinflammatory changes in the 
brain. Activation of the brain inflammatory reaction in 
tauopathies may then differentially contribute to neuro-
nal degeneration. For this reason, anti-inflammatory and 
immune-response-suppressing drugs may be taken into 
account as useful treatments for delaying the progression 
of neurodegenerative tauopathies such as FTDP-17T. 
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