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Abstract

Background: The over-expression of transforming growth factor -1(TGF-B 1) has been reported to cause hydrocephalus, glia
activation, and vascular amyloidf3 (AB) deposition in mouse brains. Since these phenomena partially mimic the cerebral amyloid
angiopathy (CAA) concomitant to Alzheimer's disease, the findings in TGF-1 over-expressing mice prompted the hypothesis
that CAA could be caused or enhanced by the abnormal production of TGF-B 1. This idea was in accordance with the view that
chronic inflammation contributes to Alzheimer's disease, and drew attention to the therapeutic potential of anti-inflammatory
drugs for the treatment of AB-elicited CAA. We thus studied the effect of anti-inflammatory drug administration in TGF-f1-
induced pathology.

Methods: Two-month-old TGF-B1 mice and littermate controls were orally administered pioglitazone, a peroxisome
proliferator-activated receptor-y agonist, or ibuprofen, a non steroidal anti-inflammatory agent, for two months. Glia activation
was assessed by immunohistochemistry and western blot analysis; Af precursor protein (APP) by western blot analysis; AB
deposition by immunohistochemistry, thioflavin-S staining and ELISA; and hydrocephalus by measurements of ventricle size on
autoradiographies of brain sections. Results are expressed as means + SD. Data comparisons were carried with the Student's T
test when two groups were compared, or ANOVA analysis when more than three groups were analyzed.

Results: Animals displayed glia activation, hydrocephalus and a robust thioflavin-S-positive vascular deposition. Unexpectedly,
these deposits contained no AP or serum amyloid P component, a common constituent of amyloid deposits. The thioflavin-S-
positive material thus remains to be identified. Pioglitazone decreased glia activation and basal levels of AB42- with no change
in APP contents — while it increased hydrocephalus, and had no effect on the thioflavin-S deposits. Ibuprofen mimicked the
reduction of glia activation caused by pioglitazone and the lack of effect on the thioflavin-S-labeled deposits.

Conclusions: i) TGF-f1 over-expressing mice may not be an appropriate model of AB-elicited CAA; and ii) pioglitazone has
paradoxical effects on TGF-B1-induced pathology suggesting that anti-inflammatory therapy may reduce the damage resulting
from active glia, but not from vascular alterations or hydrocephalus. Identification of the thioflavin-S-positive material will
facilitate the full appraisal of the clinical implication of the effects of anti-inflammatory drugs, and provide a more thorough
understanding of TGF-B 1 actions in brain.

Page 1 of 17

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1186/1742-2094-1-11
http://www.jneuroinflammation.com/content/1/1/11
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/about/charter/

Journal of Neuroinflammation 2004, 1:11

Background

Transforming growth factor-p1 (TGF-B1) is a multifunc-
tional cytokine implicated in developmental processes,
immune host defense, and injury repair [for review, [1]].
TGF-B1 contributes to the resolution of injuries by inhib-
iting local inflammation, and by stimulating the synthesis
and deposition of matrix components leading to the
reconstitution of the basal membrane in the final stages of
angiogenesis. A paradoxical feature of TGF-B1 is that,
when produced in excess or in the absence of counter-reg-
ulatory elements, it can become pro-inflammatory,
induce abnormal vascular growth, and thus be detrimen-
tal [2]. This occurs in the mouse brain, where the trans-
genic over-expression of TGF-B1 in astrocytes causes
chronic astrocytosis and microglia activation, as well as
fibrosis - i.e. increased production of matrix proteins and
abnormal thickening of vascular basal membranes - and
endothelial cell atrophy [3,4]. The mice develop hydro-
cephalus [3], revealing an alteration of cerebrospinal fluid
(CSF) dynamics - probably due to clearance obstruction
- and present, at one year of age, a reduction in brain
blood flow and metabolism, signs of vascular and neuro-
nal dysfunction [5].

Another abnormality reported in TGF-f1 over-expressing
brains was the vascular and meningeal deposition of
endogenous mouse amyloidf (AB), as well as of human
AB when TGF-B1 was over-expressed together with a
mutated form of the human AP precursor protein (APP)
[6,7]. The vascular deposition was a likely consequence of
the fibrosis, since components of the extracellular matrix
have been shown to trigger the fibrillation of AB proteins
[8]. Vascular AB deposition is often seen postmortem in
individuals with Alzheimer's disease as cerebral amyloid
angiopathy (CAA), which appears to be an important
pathogenic factor in the disease [9-12]. The detection of
TGF-B1 and fibrosis in vessels bearing AB deposits in
human brains [6], together with the p amyloidogenic role
of TGF-B1 in mouse models, led to the hypothesis that Ap-
related CAA could be caused or enhanced by the aberrant
production of TGF-B1 [6]. This idea was in accordance
with the view that chronic inflammation contributes to
the pathogenesis of Alzheimer's disease [for review, [13]],
as supported by: i) epidemiological studies showing that
the use of non steroidal anti-inflammatory drugs
(NSAIDs) like ibuprofen delays the onset of Alzheimer's
disease [14]; and ii) studies in APP mice showing that
treatment with ibuprofen reduces gliosis, microglia activa-
tion, interleukin-1f production, and amyloid plaque bur-
den, and improves cognition [15,16]. The TGF-1 over-
expressing mice thus emerged as a model to gain insight
into the relationship between chronic inflammation and
vascular AB deposition, and to evaluate the therapeutic
potential of drugs.
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We sought to determine whether pioglitazone, a novel
anti-inflammatory drug, reduces glia activation, APP
expression, and AB production and deposition in TGF-$1
over-expressing mice. For comparison, we tested the effect
of ibuprofen on some of these parameters since this drug
is beneficial in patients with Alzheimer's disease and APP
mouse models. Pioglitazone is a thiazolidinedione (TZD)
drug and an agonist of the peroxisome proliferator-acti-
vated receptor gamma (PPARy), a nuclear receptor that
plays a key role in the regulation of glucose and lipid
metabolism in non cerebral tissues. The rationale for the
use of pioglitazone stems from: i) the anti-inflammatory
effect of PPARy in vivo and in vitro [17-19]; ii) the commer-
cial availability and safety record of pioglitazone and
other TZDs, which are currently in use for the treatment of
type 2 diabetes; and iii) the fact that pioglitazone, unlike
ibuprofen, does not cause gastric problems after pro-
longed treatment and thus it would be better suited for
chronic use. TZD-PPARy agonists can block in mice the
development of experimental allergic encephalomyelitis
[20], and reduce the degeneration of dopaminergic neu-
rons caused by methyl-4-phenyl-1,2,3,6-tetrahydropyrid-
ine (MPTP) [ref [21]. In both cases, the protective actions
of TZDs have been attributed to their anti-inflammatory
capacities. A review of the therapeutic potential and mech-
anisms of action of TZDs in Alzheimer's disease has been
presented elsewhere [22].

The mice under study showed astrocyte and microglia
activation, hydrocephalus and thioflavin-S-positive
deposits. A two-month treatment with pioglitazone
reduced glia activation, but it increased hydrocephalus
unexpectedly, while it had no effect on the thioflavin-S-
positive deposits. Immunohistochemical analyses and
ELISAs failed to confirm the presence of AB in such depos-
its, despite an increase in AP40 levels detected at 9
months. These findings contradict the view that TGF-B1
over-expressing mice are a model of AB-elicited CAA, and
reveal paradoxical effects of pioglitazone on TGF-f1-
induced chronic inflammation whose clinical relevance is
discussed.

Material and methods

Generation of mice and anti-inflammatory treatment

The study was carried out in heterozygous C57BL/6 mice
genetically modified to produce a constitutively active
form of TGF-B1 under the control of the GFAP promoter.
The mice were derived from the heterozygous line T65,
generated similarly to the line T64 on a BALB/c back-
ground [3], and changed to C57BL/6 by successive cross-
ings. APP mice over-expressing the human V711F
mutation [23] were used as positive controls for immuno-
histochemistry. Animal care was carried out according to
the European Community's regulations, the principles of
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which agree with the National Institutes of Health guide
for the care and use of laboratory animals.

TGF-B1 over-expressing mice and littermate controls were
sacrificed at 2, 4 and 9 months of age to assess the evolu-
tion over time of inflammation and vascular AB deposi-
tion. Treatment with the anti-inflammatory drugs started
at 2 months of age, soon after weaning, and was carried
out for 2 months.

Ibuprofen was purchased from Sigma, and pioglitazone,
manufactured by Takeda Pharmaceuticals, was obtained
from a local pharmacy. The drugs were pulverized, and
mixed with Purina chow to give concentrations of 120
ppm and 375 ppm of pioglitazone and ibuprofen, respec-
tively. Mice were allowed free access to the chow. Neither
pioglitazone nor ibuprofen caused detectable weight
changes, or affected the amount of food consumed by the
mice. The animal weights, monitored in 42 animals, were
23.4 + 4.2 g at the start of the treatments, and 25.2 + 4.6 g
at the end. The amount of food consumed, expressed in g/
mouse/week, was: in the control group, 30.8 + 3.8 (n =
17); in the ibuprofen group, 31.0 + 6.4 (n = 11); and in
the pioglitazone group, 25.9 + 4.2 (n = 14). Values are the
means + SD. These values translate to a daily dosing of
approximately 18 mg/kg of pioglitazone, and 60 mg/kg of
ibuprofen.

Immunohistochemistry

The mice were sacrificed under anesthesia. The brains
were taken out of the skulls, and fixed by submersion in
4% paraformaldehyde in 0.1 M phosphate buffer for 24
hours at 4°C. The brains were transferred to 10% sucrose
in 0.1 M phosphate buffer for 24 hours at 4°C, snap fro-
zen in isopentane at -40°C, and kept at -80°C until fur-
ther use. Brain sections (35 pm) were cut in a cryostat and
collected in phosphate-buffered saline (PBS). The immu-
nohistochemistry was carried out on free-floating sec-
tions. The sections were incubated 15 min in 3% H,0,/
20% methanol to inactivate endogenous peroxidase activ-
ity. The sections were blocked with 0.5% bovine serum
albumin (BSA) in PBS, and incubated with primary anti-
bodies in PBS containing 0.2% Triton X-100 and 0.1%
BSA. The incubations were performed overnight at 4°C
with gentle shaking. After several washes in PBS, the sec-
tions were incubated with biotinylated secondary anti-
bodies (1:200, Vector Laboratories, Burlingame, CA) for
30 min at room temperature. The staining was visualized
by the biotin-avidin-peroxidase method (Elite Kit, Vector
Laboratories, Burlingame, CA) using diaminobenzidine
as the chromogen. To reveal AP deposits, the sections were
incubated in 80% formic acid for 5 min before blocking
with BSA. The primary antibodies used were: rabbit anti-
mouse GFAP (1: 1000, Sigma), rat anti-mouse Mac-1 (1:
250, Serotec, Oxford, United Kingdom), rabbit anti-
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human AB40 FCA40 (1: 500, courtesy of Frederic
Checler); mouse anti AB clone 4G8 (1: 500, Signet, Ded-
ham, MA); and sheep anti-mouse serum amyloid P com-
ponent (SAP, 1: 500, Calbiochem, San Diego, CA).

Analysis of microglia activation

Microglia activation was assessed in the hippocampus by
measuring the soma surfaces of Mac-1 positive cells with
the image analysis system VisioScan (BIOCOM, Les Ulis,
France), following a variation of the method described by
Breidert et col. [21]. Brain sections were analyzed at a 50x
magnification under high contrast. A minimum of 100
microglia cells were examined per brain. Each cell was
scanned to find the plane containing the largest soma sur-
face. Figure 1G,1H,1I shows the contours of microglia
soma in different states of activation.

Thioflavin-S labeling

The number of thioflavin-S-containing vessels was
counted in three levels of the hippocampus (the distance
from Bregma is indicated in parentheses): i) rostral (-1.75-
to -2.5 mm), ii) intermediate (-2.5 to -3.25 mm), and iii)
dorsal (-3.25 to -4.5 mm). Coronal brain sections were
mounted on slides, air-dried, and incubated with 1%
thioflavin-S (Sigma) for 10 min, followed by short rinses
in 80-90% alcohol, and a final rinse in H,O. The sections
were mounted in Vectastain fluorescent mounting media,
and the staining visualized with UV light or FITC filters. In
the case of branched vessels each branch was counted as
"one". The thioflavin-S-positive vascular density per hip-
pocampus level was the average of 4 sections.

Western blots

The hippocampi were snap frozen in isopentane cooled
on dry ice, and stored at -80°C. Brain tissue was homoge-
nized by passage through 18-, 21-, and 26-G syringes, in a
buffer containing 50 mM Tris pH 8.0, 150 mM NaCl, 1
mM EDTA, 1% NP40, and protease inhibitors. The
homogenates were left 20 min on ice, and centrifuged at
15,000 x g for 15 min. The supernatants were processed
for PAGE-SDS electrophoresis. Proteins were then trans-
ferred to PVDF membranes (BioRad) by semi-dry electro-
phoresis. The membranes were blocked in 10% milk in 10
mM Tris/150 mM NaCl containing 0.1% Tween-20 (TBS)
and incubated overnight in TBS containing the primary
antibodies. The membranes were incubated with HRP-
conjugated IgGs for 1 hour. Washes between steps were
carried out with TBS. The bands were visualized with
enhanced chemiluminescence reagents (New England
Nuclear, MA, USA), and exposure to X-ray films. Three
antibodies were used: rat anti-mouse GFAP (1: 5000,
clone MAB 2.2B10, provided by Virginia Lee); mouse anti-
APP C-terminus (1: 1000, clone C1/6.1, ref 24), and rab-
bit anti-human actin (1: 500, Sigma, Santa Cruz, CA) to
assure equal loading of protein. HRP-conjugated
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Mac-| immunoreactivity in the hippocampus. The age, phenotype and treatment of the animals are indicated in the upper right
corners. T-: control and T+: TGF-B1 mice; PIO: treated with pioglitazone for 2 months; 4 m and 9 m: 4 and 9-month-old mice.
Each row shows images taken at increasing magnifications (bars are 50 uM). Microglia cells were "activated" in TGF-B| mice at
4 months, revealed by increased Mac-1 immunoreactivity, retraction of processes, and increased soma size (compare B to A
and E to D). Microglia activation decreased with age (compare C to B) and with PIO (compare F to E). G-I are high magnifica-
tion images of single microglia cells. The insets illustrate the soma surfaces as determined for the quantification of microglia

activation. DG: dentate gyrus; HiF: hippocampal fissure.

secondary antibodies were purchased from Vector Labs.
For  quantitative assessment  of  bands, the
autoradiographs were scanned and analyzed with Image J
from the National Institutes of Health.

ELISA

Hippocampi were homogenized individually by passage
through 18-26-G syringes in 0.25 mL of buffer (250 mM
sucrose, 20 mM Tris base, 1 mM EDTA, and 1 mM EGTA)

in the presence of protease inhibitors. The homogenates
were extracted with a diethylamine (DEA)/NaCl solution
as previously described [25], and processed for sandwich
ELISA measurements using monoclonal antibodies JRF/
cAB40/10 and JRF/cAB42/26, which specifically recognize
the carboxyl-terminals of mouse AB40 and AB42, respec-
tively and JRF/rAB1-15/2, which binds to the N-terminus
of murine AB. Applications of this ELISA have been previ-
ously described elsewhere [24-26].
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Evaluation of ventricle size

The degree of hydrocephalus was assessed in coronal sec-
tions of 20 um thickness obtained from fresh-frozen
brains processed for 4#C-deoxyglucose autoradiography
for a parallel study. The areas of the lateral ventricles were
measured at three levels using VisioLab software (BIO-
COM): i) rostral, at bregma +1.1 (the anatomical refer-
ence was the genu of the corpus callosum); ii)
intermediate, at bregma -0.7 mm (references were the
anterior fimbria hippocampus, the dorsal 3 ventricle and
the subfornical organ); and iii) caudal, at bregma -2.5 mm
(posterior ventral end of the 3t ventricle and the dorsov-
entral hippocampal horn). An average ventricle surface
per animal was calculated from the three values.

Statistical analysis

Results are expressed as means + SD. Data comparisons
were carried with the Student's T test when two groups
were compared, or one or two-way ("treatment" versus
"genotype") ANOVA analysis followed by the Bonferroni
test when more than three groups were analyzed. Differ-
ences were considered significant in the 95% confidence
interval when p < 0.05. Statistical analyses were per-
formed with Prism Graphpad version 3.0 software.

Results

Age-dependence of glia activation and thioflavin-S-labeled
deposits

Microglia cells were activated in TGF-f1 mice 2-4 months
old, mostly in the hippocampus. The cells showed
increased Mac-1 immunoreactivity, shortening and thick-
ening of processes, and enlargement of somas (Fig 1B,1E
and Fig 2). In control animals nearly all of the somas were
smaller than 150 pum?2, whereas in TGF-f1 animals the
somas ranged between 100-400 um? (Fig 2A). We hence
defined "activated microglia" as cells with somas larger
than 150 um? irregardless of the intensity of Mac-1
expression.

The microglia were clearly activated (60% of all cells) at 2
months of age, the earliest time analyzed (Fig 2B). The
extent of activation was comparable at 4 months, but
decreased to 20% at 9 months (p < 0.01) (Fig 1C and Fig
2B).

TGF-B1 animals also had astrocytosis at all ages analyzed,
defined as increased GFAP immunoreactivity (Fig 3), and
increased GFAP protein content assessed by Western blot
analysis (Fig 4). The astrocytosis was detected throughout
the brain, but it characteristically affected the hippocam-
pus in particular the dentate gyrus.

In TGF-B1 animals, but not in control mice (Fig 5A,5C),
thioflavin-S labeled meninges and vessels of 10-20 pm
diameter concentrated primarily around the hippocampal
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fissure (Fig 5B) and, on occasion, in larger penetrating ves-
sels directly originating from the pial vasculature (Fig 5D).
The density of thioflavin-positive vessels was higher in
rostral hippocampus and decreased caudally by 30% (Fig
6). Both meningeal and vascular deposits were evident at
2 months (Fig 6A). The density of thioflavin-S positive
vessels increased by 40% at 4 months, and did not change
thereafter (Fig 6A), indicating that the thioflavin-S-
labeled material accumulated early, and achieved a
steady-state by 4 months.

Comparison of the thioflavin-labeled material in vessels
from TGF-B1 and APP mice revealed two differences (Fig
5E,5F,5G). First, in APP mice the deposition affected long
vessels in the cortical parenchyma, while in TGF-B1 mice
the labeled vessels were shorter, frequently branched, and
localized to the hippocampal fissure. Secondly, the thio-
flavin-S deposits appeared to have spread over the vessels
in patches in APP brains, while deposits appeared
smoother and more uniformly covered entire vascular
stretches in TGF-f31 mice. This strongly suggests a different
composition of the vascular deposits in APP and TGF-B1
transgenic mice.

Effect of anti-inflammatory drugs on glia activation and
vascular amyloid deposition

Ibuprofen or pioglitazone treatments were started at 2
months of age and continued for 2 months. Two reasons
justified the length of the treatments: i) we had estab-
lished that the largest change detected in vascular depos-
its, as assessed with thioflavin-S, took place before 4
months of age; and ii) since Mac-1 expression dramati-
cally decreased with age, a longer treatment would have
potentially complicated the assessment of whether the
drugs had efficiently inhibited inflammation.

Both ibuprofen and pioglitazone effectively reversed the
TGF-B1-induced microglia activation. Pioglitazone
reduced the number of activated microglia by 40% (p <
0.01), and ibuprofen by 70% (p < 0.001) (Fig 2C).
Accordingly, Mac-1 expression and soma sizes were
reduced, and the cellular processes recovered some of the
diffuse pattern that characterizes resting microglia (Fig
1D, 1E,1F). The anti-inflammatory treatment also reduced
the astrogliosis (Fig 3C,3D and Fig 4A). By contrast, nei-
ther pioglitazone nor ibuprofen changed the density of
thioflavin-S-positive vessels (Fig 6B). This suggests that
none of the drugs interfered with the vascular deposition
that occurred between 2 and 4 months of age.

Measurement of A3 and APP

AP production was assessed by ELISA and immunohisto-
chemistry. It should be stressed that the antibodies used in
both procedures, FCA40 [27,28], 4G8 [29], JRF/cAB40/
10, JRF/cAB42/26, JRF/1AB1-15/2 [24-26] recognize
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Quantification of microglia activation. A) Distribution of microglia according to soma sizes in 4-month-old control and TGF-f1
mice fed for 2 months with control chow, or chow containing pioglitazone or ibuprofen; B) Evolution of microglia activation
with age; C) Effect of anti-inflammatory drugs. "Activated microglia” were cells with somas larger than 150 pm?2. The values are
the means + SD; (*¥) p < 0.01; (¥***) p < 0.001, one-way ANOVA analysis, Bonferroni post hoc test. N = 2 for 2-month-old
mice, and N = 4-6 for 4 or 9-month-old mice.
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control (A-B) or pioglitazone-containing (C, D) chow. GFAP expression was increased in TGF-$1 animals mostly in astrocytes
in the dentate gyrus (DG) and in perivascular astrocytes at the hippocampal fissure (HiF). The astrocytosis was decreased by

pioglitazone. Bars are 100 uM.

mouse AP and hence should detect endogenous mouse A3
in TGF-B1 mice.

ELISA measurements of AB40 and AP42 at 2 and 4
months revealed no significant differences between con-
trol and TGF-B1 mice (Table 1, p = 0.78 in the 4-month-
old group), although at 9 months there was an increase
(102%) in AB40 levels (Table 1). FCA40 and 4G8 revealed
extensive plaque deposition in the parenchyma of the hip-
pocampus and cortex of over one-year-old APP mice (Fig
7A,7C), but produced no specific staining in TGF-$1 mice
at 4 or 9 months of age (Fig 7B,7D). The ELISA and the

immunohistochemical analysis combined suggest that
the thioflavin-S-labeled vascular deposits, which were
abundant at 4 months of age, contained no AB. Immuno-
histochemical analysis for SAP, which is considered a
common component of amyloid deposits [47], gave neg-
ative results (Fig 7E,7F). The SAP antibody has been
shown to detect mouse SAP by immunocytochemistry
[49].

The ELISA also showed that pioglitazone decreased by
23-32% the basal AB42 production in control and TGF-
B1 mice (Table 1, p = 0.013; 2-way ANOVA). Pioglitazone

Page 7 of 17

(page number not for citation purposes)



Journal of Neuroinflammation 2004, 1:11

A | ——e— < GFAP

250 mEArTF T M Control

— l B TGFp
2 200
[
(@]
3 |
o
& 150 -
[
Ke] i [
(V)]
n
S 100 |
o
X
X |
% 50 T
L
5] |

0

Control PIO

B = < GFAP

250 e [] Control

B TGFB

N
o
o

—
(&)
o

(o)
o

GFAP expression (% control)
o
o

0

Figure 4

Western blot analysis of GFAP expression in hippocampus.
A) 4-month-old animals, treated for 2 months with control
food or pioglitazone. B) 9-month-old mice. Values are the
means * SD; In A: (**) p < 0.01, (*) p < 0.05, two-way
ANOVA analysis followed by Bonferroni analysis; n = 4-5
per group. In B: (**) p < 0.01, Student's T-test; n = 5 per
group.

http://www.jneuroinflammation.com/content/1/1/11

had a negligible effect on AB40 - the ratio AB42/40 was
accordingly reduced - while ibuprofen had no effect on
the levels of AB40 or AB42.

Analysis of APP expression by Western blot showed sev-
eral bands around 100 kDa (Fig 8) that are probably post-
transcriptional modifications of the 695 amino acid-long
APP isoform predominant in brain. Neither the combined
nor the individual expression of APP bands was altered by
TGEF-B1 over-expression at 4 or 9 months, or by treatment
with pioglitazone. Thus, the increase in AB40 detected at
9 months did not correlate with an increase in APP
expression.

Effect of pioglitazone on the hydrocephalus

TGF-B1 animals were hydrocephalic, reflected by an over
2-fold increase in ventricle surface assessed in coronal sec-
tions (p < 0.001) (Figs 9 and 10). Surprisingly,
pioglitazone increased the ventricle surface in non trans-
genic animals by 22% (p > 0.05), and exacerbated the
TGF-B1-induced increase by 55% (p < 0.001) (Figs 9 and
10). Although the effect of pioglitazone in control ani-
mals was not statistically significant when values at the
three brain levels were averaged, the drug caused a signif-
icant (p < 0.05) 40% increase at level 3, an area largely
comprising the ventrocaudal hippocampal horn (Fig
10G,10H). Conversely, pioglitazone acted rostrally in
TGF-B1 mice (110% increase at Bregma level 1) (Fig
10A,10B).

Discussion

The TGFB1-mice used in this study showed between 2-4
months of age several of the pathological signs associated
with the anomalous expression of this cytokine in brain:
glia activation, vascular and meningeal deposition of a
material positive to thioflavin-S, and hydrocephalus.
Microglia activation was severely reduced at 9 months,
indicating that the cells became refractory to TGF-B1 stim-
ulation over time, whereas the thioflavin-S labeling, astro-
cytosis, and hydrocephalus persisted. Pioglitazone exerted
paradoxical actions on TGF-Bl-elicited pathology: it
inhibited both astrocyte and microglia activation, but it
did not interfere with the vascular and meningeal deposi-
tions, and exacerbated the hydrocephalus. In addition,
pioglitazone decreased AP42 basal levels, an effect unre-
lated to the anti-inflammatory actions of the TZD since it
was equally observed in transgenic and controls, and the
latter do not display inflammation.

PPAR agonists are currently being considered as a treat-
ment of neurological diseases where chronic inflamma-
tion is suspected to be a pathogenic factor. There are NIH-
sponsored pilot clinical trials of TZDs ongoing for
Alzheimer's disease (Gary Landreth, personal communi-
cation) and multiple sclerosis (D.L. Feinstein, personal
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Figure 5

Thioflavin-S labeling in coronal brain sections. A, B show hippocampus and C, D show cortex of 4-month-old mice; A, C are
control mice, B, D, G are TGF-1 mice, and E, F are a one-year-old APP mouse. Bars are 200 um (A-D) or 100 um (E-G).
Thioflavin-positive material accumulated in the meninges and in vessels around the hippocampal fissure (HiF) in TGF-B1 mice.
Vascular deposits in TGF-1 mice were smoother in appearance and uniformly covered entire vascular segments, while in APP

brains the deposits spread over the vessels in patches (compare E and F to G).

Page 9 of 17

(page number not for citation purposes)




Journal of Neuroinflammation 2004, 1:11 http://www.jneuroinflammation.com/content/1/1/11

>

81 r*4

ThioS-positive vessels / mm?2
N

Rostral Intermediate Dorsal

Hippocampus

9 - T+/ 4m
ns -
T [ ] Control

E PIO
Il BU

ThioS-positive vessels / mm?

I
Rostral Intermediate Dorsal

Hippocampus

Figure 6

Density of thioflavin-S positive vessels along the hippocampus. A) Evolution with age. B) Effect of anti-inflammatory drugs. Val-
ues are the means * SD; (*) p < 0.05, ns=non significant, ANOVA and Bonferroni posthoc analyses. N = 4—6 mice per group.
The vascular accumulation of thioflavin-S-positive material increases between 2—4 months, and it is not altered by pioglitazone
or ibuprofen.
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Table I: ELISA measurement of A} proteins in hippocampus

http://www.jneuroinflammation.com/content/1/1/11

2 months 4 months 9 months
control control PIO IBU control
T- T+ T- T+ T- T+ T- T+ T- T+
Ap40 98+ 1.7 10.1 £ 1.1 95+25 9.6 2.1 85+22 8315 9.9+09 10.5+2.0 9.2 18.6
Ap42 7215 72+ 1.0 6827 69+17 52%15% 4707 72%13 72+18 6.5 7.8
ratio 42/40 0.74 0.71 0.71 0.73 0.6l 0.57 0.73 0.68 0.71 0.42
n 6 4 8 8 5 6 7 4 5

Values are means in fmol / mg protein + SD, except at 9 months where measurements were performed in pooled hippocampi. Results: i) no
difference between T+ and T- groups at 2 or 4 months; ii) increase in AB40 in T+ at 9 months; iii) decrease of basal AB42 but not AB40 by
pioglitazone in T- and T+ groups (*) p = 0.013, PIO versus control, two-way ANOVA analysis; iv) no effect of Ibuprofen. n, number of animals, T-,

non transgenic mice; T+, TGF-B1 mice.

communication), and GlaxoSmithKline has initiated a
clinical trial of pioglitazone in Europe for both Alzhe-
imer's disease and multiple sclerosis. The findings in the
present study are relevant to the clinical trials because
TGF-B1 animals display CAA-related vascular alterations
and dysfunction [3-6], and can develop a more severe
experimental allergic encephalomyelitis than normal
mice [31].

The observation that pioglitazone reduces glia activation
indicates that orally administered pioglitazone, like ibu-
profen, can traverse the blood-brain barrier and exert anti-
inflammatory actions in brain. This finding confirms the
pioglitazone-mediated decrease in glia activation reported
in the MPTP mouse model of Parkinson's disease [21].
Since activated microglia produce cytotoxic substances
[32], and astrogliosis leads to the dysregulation of
astrocyte-neuron networks [33], administration of piogli-
tazone may help to prevent the damage caused by chronic
glia activation.

Despite the decreased inflammation, pioglitazone exacer-
bated the hydrocephalus in TGF-1 mice. It also increased
the ventricle size in normal animals. Hydrocephalus is a
salient feature of TGF-f1 homozygous transgenic mice
and, though to a lesser extent, heterozygous mice like the
ones generated for this study. That our mice were less
affected than the homozygous ones was indicated by the
lack of behavioral alterations clinically associated to
hydrocephalus such as aggression, or deficits in posture
and balance. TGF-B1 overproduction has been reported to
severely alter CSF dynamics, and studies indicate that the
underlying mechanism is obstruction of CSF clearance by
meningeal fibrosis [34,35]. Other examples exist of
hydrocephalus caused by growth factor-induced fibrosis
[36]. The site and mechanism of action of pioglitazone -
whether it stimulates CSF production or inhibits its reab-

sorption - remain to be investigated. Nevertheless TZDs
would not appear indicated for the treatment of diseases
presenting CSF flow alterations.

The anti-inflammatory drugs did not reverse the thiofla-
vin-S-positive vascular deposition. These deposits were
identified as Ap by immunostaining with an array of anti-
bodies raised against human and rat Ap proteins that
apparently stained vessels in a pattern identical to that
obtained with thioflavin-S [6]. At variance with this claim,
FCA40 and 4G8, antibodies that can recognize mouse Af
[27-29] produced no vascular labeling in the TGF-B1 mice
used in the present study. Also, the ELISA did not reveal
any change in the production of endogenous AB40 or
AB42 within 2-4 months, despite the unequivocal pres-
ence of vascular and meningeal thioflavin-S reactivity. It is
unlikely that these results were due to insufficient sensitiv-
ity of the techniques used, since the antibodies detected
AP deposition in APP transgenic mice, and these ELISAs
have been successfully used to measure very low levels of
endogenous murine AP [25,26]. Rather, these results,
together with the different appearance of vascular deposits
in APP and TGFpB-1 mice, strongly suggest that the thiofla-
vin-S-positive material is not AB. This is in agreement with
the view that spontaneous deposition of endogenous
mouse Af does not readily occur in the mouse brain [37].

An increase in AB40 was however detected in TGF-1 mice
9 months old, suggesting changes in APP metabolism
later in the life of the animals. This finding reproduces in
part a study reporting up-regulation of APP mRNA and
protein, and increased production of AB40 and AB42 in 6-
month-old TGF-B1 heterozygous mice [38]. This and one
other study [39] also showed that TGF-B1 induces the
transcription of the APP gene, and the production of APP
and AP species in astrocyte cultures. Although these
studies demonstrate that TGF-f1 canstimulate the
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Figure 7

HiF

AP and SAP immunoreactivity. The images show coronal sections of hippocampi from over one-year old APP mice (A, C), a 4-
month-old TGF-B1 mouse (B) and a 9-month-old (D), stained with FC40 (A, B), 4G8 (C, D), thioflavin (E) or SAP (F). E, F are
images of the same field in consecutive sections. FCA40 and 4G8 labeled AP plaques in APP mice and showed no specific reac-
tivity in TGF-B1 mice. No SAP was detected in the thioflavin-reactive vascular deposits. Bar equals 100 um. CC: corpus callo-

sum. HiF: Hippocampal fissure; DG: dentate gyrus.

synthesis and cleavage of glial APP, caution has to be
exerted when extrapolating this conclusion to an in vivo
context: the mice used in the present study produce TGF-
B1 constitutively since birth, while AB40 - and not AB42

- was detected only at midlife, in the absence of increased
APP expression. This indicates that factors other than TGF-
B1, or the amount of TGF-f1 produced, are of critical
importance in the regulation of APP metabolism in vivo.
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Figure 8

Western blot analysis of APP expression. A) 4-month-old
mice, after treatment with pioglitazone; B) 9-month-old mice.
Values are the means + SD. N = 5-6 animals per group in A,
and 5 in B. No change with genotype or treatment was
observed.

Altogether, the present study supports a B amyloidogenic
effect of TGF-1 in brain cells, but it provides no evidence
of vascular accumulation of AB peptides.

What is then the material labeled by thioflavin-S in TGF-
B1 mice Thioflavin is a recognized marker of "amyloid", a
term that applies to any protein that upon adopting a -
pleated sheet configuration instead of the a-helical one
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Figure 9

Effect of pioglitazone on ventricle size. Values are the means
+ SD of ventricle surfaces at three bregma levels. (ns) non
significant, (**¥) p < 0.001, two-way ANOVA analysis, Bon-
ferroni post hoc. N = 10—12 animals per group.

becomes fibrillar, insoluble, and precipitates [40]. Over
twenty proteins qualify as amyloids by the criterion of
thioflavin-S staining. Other than A, amyloids to consider
are transthyretin, gelsolin, BRI, prion proteins or cystatin
C, which are prone to misfold and deposit in human
brain vessels and meninges, leading to several forms of
CAA [10,41]. Among possible mechanisms causing amy-
loid deposition in vessels, the one supported by postmor-
tem evidence in brains with Alzheimer's disease is altered
drainage of AP along periarterial interstitial fluid (ISF)
channels in the parenchyma and meninges [42,43]. By
analogy with AB, the precise location of thioflavin reactiv-
ity in meninges, penetrating arteries, and vessels in the
hippocampal fissure - also a "brain surface" - serves to
argue that TGFB1 may impair the clearance of a given
protein and cause its deposition as an amyloid in brain. As
discussed for AP [43], local factors affecting the
production or solubility of the thioflavin-positive mate-
rial may contribute to its precipitation.

But arguments exist as well against the amyloid nature of
the thioflavin-reactive molecule. First, electron micros-
copy analysis revealed the presence in TGF-3 over-express-
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Control PIO

Figure 10

Zone-dependence of the effect of pioglitazone on ventricle size. A, B show rostral, C-F, mid-; and G, H dorsal brain sections.
Pioglitazone increased ventricle volumes dorsally in non transgenic mice (T-) (compare H to G), while the effect on TGF-§1
mice (T+) was more apparent rostrally (compare B to A).
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ing brains of vascular deposits that do not display [44] the
fibrillar structure quintessential to amyloids [45]. Second,
SAP was not detected in the vascular deposits by
immunocytochemistry. SAP is a non-fibrillar pentraxin
plasma protein that contributes to amyloidosis by stabi-
lizing amyloid fibrils, and is widely considered as a com-
mon component of amyloid deposits [46]. The latter tenet
may, however, not apply to brain. SAP is not produced by
brain cells, and the association to AP plaques in Alzhe-
imer's disease is probably the result of blood-brain barrier
damage [47], which may not occur in animal models.
Accordingly, SAP has not been detected in plaques from
APP-overexpressing brains [48], a result confirmed by our
laboratory (data not shown). Thus, the absence of SAP in
TGEF-B1 brains does not unequivocally prove that the vas-
cular deposit is not amyloid.

We thus conclude that the thioflavin-positive material has
the tinctorial properties and clearance routes of an amy-
loid, but there is no direct evidence that it is such.

Whatever the nature of the vascular material, we speculate
that the lack of effect of pioglitazone on its deposition is
related to the increase in hydrocephalus caused by the
TZD. Since a continuity exists between ISF and CSF, alter-
ations of flow in either compartment would be transmit-
ted to the other [49]. Hence, in worsening the TGF-1-
induced alteration of CSF dynamics, pioglitazone would
impair the ISF drainage of the yet unidentified substance
thus promoting - or not preventing - its deposition in
meninges and vessels around the hippocampal fissure. If
so, pioglitazone may not be beneficial for the treatment of
diseases that are caused to some extent by altered vascular
drainage of amyloid-like proteins.

Finally, pioglitazone, but not ibuprofen, selectively
decreased the content of the allegedly more toxic AB42,
while not altering that of AB40, thus causing a change in
the AB42/40 ratio. This evidence supports a novel effect of
PPARy activation on AP metabolism independent of
inflammation. The possible therapeutic relevance of this
phenomenon lies in the nature of the AR measured that is:
i) endogenous, ii) wild type, and iii) soluble, for the ani-
mals under study have no AB deposits. An effect on wild
type AP production may render PPARy agonists appropri-
ate for the treatment of the more common non familial
forms of Alzheimer's disease. An effect on soluble AP
gains importance in light of recent studies suggesting that
cognitive dysfunction in Alzheimer's disease may corre-
late better with soluble than insoluble levels of AB [50].
The parallel finding that APP expression was not changed
by pioglitazone rules out that the AB42 reduction was
caused by a decrease in APP production. Rather, the TZD
may act on the production or degradation of AB42. Also
ibuprofen has been shown to reduce plaque-associated

http://www.jneuroinflammation.com/content/1/1/11

and soluble AB42 in mice over-expressing the Swedish
mutation of human APP [15,16]. The lack of effect of ibu-
profen in our model could be due to a preferential action
of NSAIDs on the metabolism of mutated AB. Interest-
ingly, a selective action on AB42 forms appears to be the
rule amongst anti-inflammatory drugs. This calls into
question the use of NSAIDs or TZDs for the treatment of
AB-related CAA caused by AB40 deposition [51].

Conclusions

In summary, the present study: i) supports § amyloidog-
enic actions of TGF-B1 in brain (i.e. increased production
of AP40), but provides no evidence of vascular
accumulation of AP peptides, ii) shows that TGF-B1 over-
expression results in the early deposition in vessels and
meninges of a thioflavin-S-positive molecule yet to iden-
tify; and iii) reveals a mix of potentially beneficial (i.e.
decrease of chronic glia activation and reduction of basal
AB42 levels) and detrimental actions (i.e. increased
hydrocephalus, and lack of effect on thioflavin-S-positive
deposits) of pioglitazone that will have to be weighed
when considering the therapeutic applications of this
TZD.

Abbreviations

AB, amyloid B; APP, amyloid  precursor protein; CAA,
cerebral amyloid angiopathy; CSF, cerebrospinal fluid;
ISF, interstitial fluid, NSAIDs, non steroidal anti-inflam-
matory drugs, PPARy, peroxisome proliferator-activated
receptor y ; TGF-f1, transforming growth factor 1, TZD,
thiazolidinedione.

Competing interests

Gary Landreth received a honorarium for a talk given to
Takeda North America in 2003, and received funding
from GlaxoSmithKline for research in his laboratory in
2002-2003.

Authors' contributions

PL, co-director with EG, and person responsible for the
generation and physiological characterization of the TGF(
animals used in this study; PM and SS, ELISA determina-
tion of amyloid B proteins. Theirs is one of the few labo-
ratories that can measure endogenous murine amyloid
beta, an essential requirement for the study; TB, western
blots and development of the morphometric method to
quantitate microglia activation; GL and MH organized
and paid for the synthesis and delivery of the chow con-
taining pioglitazone and ibuprofen. DLF, constant pro-
vider of key insights and discussion; EG was the project
director and carried out the immunohistochemistry.

Acknowledgements

The authors want to thank Ms Pepita Masquelier for meticulous animal
care, Dr. Frédéric Checler for the FCA40 antibody, and Dr. Marc Mercken
(Johnson and Johnson Pharmaceutical Research and Development/Janssen

Page 15 of 17

(page number not for citation purposes)



Journal of Neuroinflammation 2004, 1:11

Pharmaceutical) for the anti-APPJRF/AB40/10, JRF/AB42/26, and JRF/rAB -
15/2 antibodies. The study was partially financed by the Association France
Alzheimer.

References

l.
2.

20.

Pintavorn P, Ballermann B: TGF-beta and the endothelium dur-
ing immune injury. Kidney Int 1997, 51:1401-1412.

Wahl SM, Allen JB, Costa GL, Wong HL, Dasch JR: Reversal of
acute and chronic synovial inflammation by anti-transform-
ing growth factor beta. | Exp Med 1993, 177:225-230.
Wyss-Coray T, Feng L, Masliah E, Ruppe MD, Lee HS, Toggas SM,
Rockenstein EM, Mucke L: Increased central nervous system
production of extracellular matrix components and develop-
ment of hydrocephalus in transgenic mice overexpressing
transforming growth factor-beta |. Am J Pathol 1995, 147:53-67.
Wyss-Coray T, Lin C, Sanan DA, Mucke L, Masliah E: Chronic over-
production of transforming growth factor-betal by astro-
cytes promotes Alzheimer's disease-like microvascular
degeneration in transgenic mice. Am J Pathol 2000, 156:139-50.
Wyss-Coray T, Lin C, von Euw D, Masliah E, Mucke L, Lacombe P:
Alzheimer's disease-like cerebrovascular pathology in trans-
forming growth factor-beta | transgenic mice and functional
metabolic correlates. Ann N Y Acad Sci 2000, 903:317-323.
Wyss-Coray T, Masliah E, Mallory M, McConlogue L, Johnson-Wood
K, Lin C, Mucke L: Amyloidogenic role of cytokine TGF-betal
in transgenic mice and in Alzheimer's disease. Nature 1997,
389:603-606.

Wyss-Coray T, Lin C, Yan F, Yu GQ, Rohde M, McConlogue L,
Masliah E, Mucke L: TGF-betal promotes microglial amyloid-
beta clearance and reduces plaque burden in transgenic
mice. Nat Med 2001, 7:612-618.

Snow AD, Sekiguchi R, Nochlin D, Fraser P, Kimata K, Mizutani A,
Arai M, Schreier WA, Morgan DG: An important role of heparan
sulfate proteoglycan (Perlecan) in a model system for the
deposition and persistence of fibrillar A beta-amyloid in rat
brain. Neuron 1994, 12:219-234.

Vinters HV, Wang ZZ, Secor DL: Brain parenchymal and micro-
vascular amyloid in Alzheimer's disease. Brain Pathol 1996,
6:179-195.

Kalaria RN: Cerebrovascular degeneration is related to amy-
loid-beta protein deposition in Alzheimer's disease. Ann N Y
Acad Sci 1997, 826:263-271.

Greenberg SM: Cerebral amyloid angiopathy and vessel
dysfunction. Cerebrovasc Dis 2002, 2:42-47.

Pfeifer LA, White LR, Ross GW, Petrovitch H, Launer LJ: Cerebral
amyloid angiopathy and cognitive function: the HAAS
autopsy study. Neurology 2002, 58:1629-1634.

McGeer PL, McGeer EG: Local neuroinflammation and the pro-
gression of Alzheimer's disease. | Neurovirol 2002, 8:529-538.

in t'Veld BA, Ruitenberg A, Hofman A, Launer LJ, van Duijn CM, Sti-
jnen T, Breteler MM, Stricker BH: Nonsteroidal antiinflamma-
tory drugs and the risk of Alzheimer's disease. N Engl | Med
2001, 345:1515-1521.

Lim GP, Yang F, Chu T, Chen P, Beech W, Teter B, Tran T, Ubeda O,
Ashe KH, Frautschy SA, Cole GM: Ibuprofen suppresses plaque
pathology and inflammation in a mouse model for Alzhe-
imer's disease. | Neurosci 2000, 20:5709-57 4.

Lim GP, Yang F, Chu T, Gahtan E, Ubeda O, Beech W, Overmier B,
Hsiao-Ashec K, Frautschy SA, Cole GM: Ibuprofen effects on
Alzheimer pathology and open field activity in APPsw trans-
genic mice. Neurobiol Aging 2001, 22:983-991.

Ricote M, Huang JT, Welch JS, Glass CK: The peroxisome prolif-
erator-activated receptor (PPARgamma) as a regulator of
monocyte/macrophage function. J Leukoc Biol 1999, 66:733-739.
Heneka MT, Klockgether T, Feinstein DL: Peroxisome prolifera-
tor-activated receptor-gamma ligands reduce neuronal
inducible nitric oxide synthase expression and cell death in
vivo. | Neurosci 2000, 20:6862-6867.

Combs CK, Johnson DE, Karlo JC, Cannady SB, Landreth GE: Inflam-
matory mechanisms in Alzheimer's disease: inhibition of
beta-amyloid-stimulated proinflammatory responses and
neurotoxicity by PPARgamma agonists. | Neurosci 2000,
20:558-567.

Feinstein DL, Galea E, Gavrilyuk V, Brosnan CF, Whitacre CC,
Dumitrescu-Ozimek L, Landreth GE, Pershadsingh HA, Weinberg G,

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

http://www.jneuroinflammation.com/content/1/1/11

Heneka MT: Peroxisome proliferator-activated receptor-
gamma agonists prevent experimental autoimmune
encephalomyelitis. Ann Neurol 2002, 51:694-702.

Breidert T, Callebert ], Heneka MT, Landreth G, Launay JM, Hirsch
EC: Protective action of the peroxisome proliferator-acti-
vated receptor-gamma agonist pioglitazone in a mouse
model of Parkinson's disease. | Neurochem 2002, 82:615-624.
Galea E, Feinstein D: Probing PPARg agonists: could diabetes
drugs treat Alzheimer's disease? Alzheimer Research
Forum. 2002 [http://www.alzforum.org/res/for/journal/galea/
default.asp].

Games D, Adams D, Alessandrini R, Barbour R, Berthelette P, Black-
well C, Carr T, Clemens J, Donaldson T, Gillespie F, Guido T, Hago-
pian S, Johnson-Wood K, Khan K, Lee M, Leibowitz P, Lieberburg |,
Little S, Masliah E, McConlogue L, Montoya-Zavala M, Mucke L,
Paganini L, Penniman E, Power M, Schenk D, Seubert P, Snyder B, Sor-
lano F, Tan H, Vitale |, Wadsworth S, Wolozin B, Zhao J: Alzheimer-
type neuropathology in transgenic mice overexpressing
V717F beta-amyloid precursor protein. Nature 1995,
373:523-527.

Mathews PM, Jiang Y, Schmidt SD, Grbovic OM, Mercken M, Nixon
RA: Calpain activity regulates the cell surface distribution of
amyloid precursor protein. Inhibition of clapains enhances
endosomal generation of beta-cleaved C-terminal APP
fragments. | Biol Chem 2002, 277:36415-24.

Rozmahel R, Huang J, Chen F, Liang Y, Nguyen V, lkeda M, Levesque
G, Yu G, Nishimura M, Mathews P, Schmidt SD, Mercken M, Bergeron
C, Westaway D, St George-Hyslop P: Normal brain development
in PS1 hypomorphic mice with markedly reduced gamma-secre-
tase cleavage of betaAPP. Neurobiol Aging 2002, 23:187-94.
Rozmahel R, Mount HT, Chen F, Nguyen V, Huang |, Erdebil S, Liauw
J, Yu G, Hasegawa H, Gu Y, Song YQ, Schmidt SD, Nixon RA, Math-
ews PM, Bergeron C, Fraser P, Westaway D, St George-Hyslop P:
Alleles at the Nicastrin locus modify presenilin |- deficiency
phenotype. Proc Natl Acad Sci U S A 2002, 99:14452-7.

Xu H, Gouras GK, Greenfield JP, Vincent B, Naslund |, Mazzarelli L,
Fried G, Jovanovic JN, Seeger M, Relkin NR, Liao F, Checler F, Bux-
baum JD, Chait BT, Thinakaran G, Sisodia SS, Wang R, Greengard P,
Gandy S: Estrogen reduces neuronal generation of Alzheimer
beta-amyloid peptides. Nat Med 1998, 4:447-51.

Armogida M, Petit A, Vincent B, Scarzello S, da Costa CA, Checler F:
Endogenous beta-amyloid production in presenilin-deficient
embryonic mouse fibroblasts. Nat Cell Biol 2001, 3:1030-1033.
Kim KS: Production and characterization of monoclonal anti-
bodies reactive to synthetic cerebrovascular amyloid
peptide. Neuroscience Research Communications 1988, 2:121-130.
Pepys MB: Pathogenesis, diagnosis and treatment of systemic
amyloidosis. Philos Trans R Soc Lond B Biol Sci 2001, 356:203-211.
Wyss-Coray T, Borrow P, Brooker MJ, Mucke L: Astroglial over-
production of TGF-beta | enhances inflammatory central
nervous system disease in transgenic mice. | Neuroimmunol
1997, 77:45-50.

Munch G, Gasic-Milenkovic ], Dukic-Stefanovic S, Kuhla B, Heinrich K,
Riederer P, Huttunen HJ, Founds H, Sajithlal G: Microglial activa-
tion induces cell death, inhibits neurite outgrowth and
causes neurite retraction of differentiated neuroblastoma
cells. Exp Brain Res 2003, 150:1-8.

Sabri F, Titanji K, De Milito A, Chiodi F: Astrocyte activation and
apoptosis: their roles in the neuropathology of HIV infection.
Brain Pathol 2003, 13:84-94.

Nitta ], Tada T: Ultramicroscopic structures of the leptome-
ninx of mice with communicating hydrocephalus induced by
human recombinant transforming growth factor-beta I. Neu-
rol Med Chir (Tokyo) 1998, 38:819-824.

Moinuddin SM, Tada T: Study of cerebrospinal fluid flow dynam-
ics in TGF-beta | induced chronic hydrocephalic mice. Neurol
Res 2000, 22:215-222.

Johanson CE, Szmydynger-Chodobska |, Chodobski A, Baird A,
McMillan P, Stopa EG: Altered formation and bulk absorption of
cerebrospinal fluid in FGF-2-induced hydrocephalus. Am |
Physiol 1999, 277:R263-R271.

Pawlik M, Fuchs E, Walker LC, Levy E: Primate-like amyloid-beta
sequence but no cerebral amyloidosis in aged tree shrews.
Neurobiol Aging 1999, 20:47-51.

Lesne S, Docagne F, Gabriel C, Liot G, Lahiri DK, Buee L, Plawinski L,
Delacourte A, MacKenzie ET, Buisson A, Vivien D: TGF-betal

Page 16 of 17

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9150451
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9150451
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1084/jem.177.1.225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1084/jem.177.1.225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1084/jem.177.1.225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8418203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7604885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7604885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7604885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10623661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10623661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10623661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10818521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10818521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10818521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/39321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/39321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9335500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/87945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/87945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/87945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11329064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/0896-6273(94)90165-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/0896-6273(94)90165-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/0896-6273(94)90165-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8292358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8737932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8737932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9329698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9329698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1159/000049149
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1159/000049149
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12058090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12058090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12058090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1080/13550280290100969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1080/13550280290100969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12476347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1056/NEJMoa010178
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1056/NEJMoa010178
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11794217
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10908610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10908610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10908610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0197-4580(01)00299-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0197-4580(01)00299-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0197-4580(01)00299-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11755007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10577502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10577502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10577502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10995830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10995830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10995830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10632585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10632585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10632585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/ana.10206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/ana.10206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/ana.10206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12112074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1046/j.1471-4159.2002.00990.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1046/j.1471-4159.2002.00990.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1046/j.1471-4159.2002.00990.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12153485
http://www.alzforum.org/res/for/journal/galea/default.asp
http://www.alzforum.org/res/for/journal/galea/default.asp
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/373523a0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/373523a0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/373523a0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7845465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1074/jbc.M205208200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1074/jbc.M205208200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1074/jbc.M205208200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12087104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0197-4580(01)00267-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11804702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.222413999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.222413999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.222413999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12388777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9546791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9546791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/ncb1101-1030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/ncb1101-1030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/ncb1101-1030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11715026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11260801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11260801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1098/rstb.2000.0766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0165-5728(97)00049-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0165-5728(97)00049-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0165-5728(97)00049-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9209267
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12698210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12698210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12698210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12580548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12580548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10063355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10063355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10063355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10763513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10763513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10409281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10409281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0197-4580(99)00017-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0197-4580(99)00017-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10466892
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1074/jbc.M300819200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1074/jbc.M300819200

Journal of Neuroinflammation 2004, 1:11 http://www.jneuroinflammation.com/content/1/1/11

potentiates amyloid-beta generation in astrocytes and in
transgenic mice. | Biol Chem 2003, 278:18408-18.

39. Burton T, Liang B, Dibrov A, Amara F: Transcriptional activation
and increase in expression of Alzheimer's beta-amyloid pre-
cursor protein gene is mediated by TGF-beta in normal
human astrocytes. Biochem Biophys Res Commun 2002,
295:702-712.

40. Sipe JD, Cohen AS: Review: history of the amyloid fibril. | Struct
Biol 2000, 130:88-98.

41. Revesz T, Holton JL, Lashley T, Plant G, Rostagno A, Ghiso J, Fran-
gione B: Sporadic and familial cerebral amyloid angiopathies.
Brain Pathol 2002, 12:343-57.

42. Preston SD, Steart PV, Wilkinson A, Nicoll JAR, Weller RO: Capil-
lary and arterial cerebral amyloid angiopathy in Alzheimer's
disease: defining the perivascular route for the elimination of
amyloid beta from the human brain. Neuropathol Appl Neurobiol
2003, 29:106-117.

43. Weller RO, Nicoll JAR: Cerebral amyloid angiopathy: patho-
genesis and effects on the ageing and Alzheimer brain. Neurol
Res 2003, 25:611-616.

44. Wyss-Coray T, Lin C, Sanan DA, Mucke L, Masliah E: Chronic over-
production of transforming growth factor beta-l1 by astro-
cytes promotes Alzheimer's disease-like microvascular
degeneration in transgenic mice. Am J Pathol 2000, 156:139-150.

45. Kumar-Singh S, Cras P, Wang R, Kros JM, van Swieten ], Lubke U,
Ceuterick C, Serneels S, Vennekens K, Timmermans JP, Van Marck E,
Martin JJ, van Duijn CM, Van Broeckhoven C: Dense-core senile
plaques in the Flemish variant of Alzheimer's disease are
vasocentric. Am | Pathol 2002, 161:507-20.

46. Botto M, Hawkins PN, Bickerstaff MC, Herbert |, Bygrave AE,
McBride A, Hutchinson WL, Tennent GA, Walport M), Pepys MB:
Amyloid deposition is delayed in mice with targeted deletion
of the serum amyloid P component gene. Nature Med 1997,
3:855-9.

47. Veerhuis R, Van Breemen M), Hoozemans JM, Morbin M, Ouladhadj J,
Tagliavini F, Eikelenboom P: Amyloid beta plaque-associated
proteins Clq and SAP enhance the Abetal-42 peptide-
induced cytokine secretion by adult human microglia in
vitro. Acta Neuropathol 2003, 105:135-44.

48. Shi ), Perry G, Aliev G, Smith MA, Ashe KH, Friedland RP: Serum
amyloid P is not present in amyloid beta deposits of a trans-
genic animal model. Neuroreport 1999, 10:3229-32.

49. Abbot NJ: Evidence for bulk flow of brain interstitial fluid: sig-
nificance for physiology and pathology. Cell Molec Neuro 1992,
10:2010-2031.

50. McLean CA, Cherny RA, Fraser FW, Fuller §J, Smith M], Beyreuther
K, Bush Al, Masters CL: Soluble pool of Abeta amyloid as a
determinant of severity of neurodegeneration in Alzhe-
imer's disease. Ann Neurol 1999, 46:860-866.

51.  Van Dorpe |, Smeijers L, Dewachter |, Nuyens D, Spittaels K, Van Den
Haute C, Mercken M, Moechars D, Laenen I, Kuiperi C, Bruynseels K,
Tesseur |, Loos R, Vanderstichele H, Checler F, Sciot R, Van Leuven
F: Prominent cerebral amyloid angiopathy in transgenic
mice overexpressing the London mutant of human APP in
neurons. Am | Pathol 2000, 157:1283-1298.

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here: O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 17 of 17

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1074/jbc.M300819200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1074/jbc.M300819200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12626500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0006-291X(02)00724-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0006-291X(02)00724-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0006-291X(02)00724-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12099697
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/jsbi.2000.4221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10940217
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12146803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12662319
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12662319
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12662319
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14503015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14503015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1179/016164103101202057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10623661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10623661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10623661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12163376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12163376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12163376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9256275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9256275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9256275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12536224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12536224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12536224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10574565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10574565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10574565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/1531-8249(199912)46:6<860::AID-ANA8>3.0.CO;2-M
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/1531-8249(199912)46:6<860::AID-ANA8>3.0.CO;2-M
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/1531-8249(199912)46:6<860::AID-ANA8>3.0.CO;2-M
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10589538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11021833
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11021833
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11021833
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Material and methods
	Generation of mice and anti-inflammatory treatment
	Immunohistochemistry
	Analysis of microglia activation
	Thioflavin-S labeling
	Western blots
	ELISA
	Evaluation of ventricle size
	Statistical analysis

	Results
	Age-dependence of glia activation and thioflavin-S-labeled deposits
	Effect of anti-inflammatory drugs on glia activation and vascular amyloid deposition
	Measurement of Ab and APP
	Table 1

	Effect of pioglitazone on the hydrocephalus

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	References

