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Abstract

Active vaccination with amyloid peptides shows promise for the treatment and prevention of Alzheimer’s
disease (AD). Several studies in transgenic mouse models of AD have revealed the potency of vaccination to
prevent or even clear amyloid plaques from mouse brain. However, the idea that soluble oligomeric species of
f-amyloid (AB), rather than plaques, trigger the disease has gained momentum, and current active vaccination
strategies affect the levels of total or soluble brain AB little or not at all. We describe an active vaccination method
based on AB1-16 presented on the surface of virosomes, which triggered a dramatic decrease in both soluble
Ap40 (75% reduction; p = 0.01) and soluble AB42 (62% reduction; p = 0.03) in a double transgenic mouse model
of AD. Whereas AB40 and AB42 levels in the insoluble fraction tended to be reduced (by 30% and 27%, respec-
tively), the number of thioflavine-S-positive amyloid plaques was not affected. The high specific antibody
responses, obtained without eliciting T-cell reactivity, demonstrate that immunostimulating reconstituted
influenza virosomes are a promising antigen carrier system against the neuropathology of AD.
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Introduction

Alzheimer’s disease (AD) is a dementia that is
defined by the presence of extracellular amyloid
plaques in the brain, composed mainly of amyloid
peptides, and by intracellularneurofibrillary tangles,
composed mainly of protein tau. B-Amyloid (AB)
peptides are mostly 40-42 amino acids long, prote-
olytically derived from the transmembrane protein
amyloid precursor protein (APP). After synthesis,

during transport to the cell surface, APPis processed
either by B- and y-secretase, producing the amyloid
peptides, or by a-secretases ADAM10 and TACE,
which cleave APP in the AP sequence, thereby
precluding the formation of AB. The intra- and extra-
cellular AB peptides adopt a B-sheet conformation
and form intermediate aggregates named ADDLs
(amyloid-derived diffusible ligands) or protofibrils.
These finally precipitate in the form of amyloid fib-
rils that assemble into amyloid plaques. In this
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process, the more hydrophobic and less soluble AR42
peptide is thought to serve as the nucleating agent
around which fibrils and plaques steadily grow.

Mutations in the APP gene orin presenilin 1 ([PS1]
y-secretase) cause early-onset familial AD. Best-
known examples are the Swedish and London
mutations located near the B- or y-secretase cleavage
sites in APP. These mutations increase the formation
of AP peptides, especially of AB42, thereby increas-
ing the formation of amyloid aggregates and plaques
and causing early neurodegeneration and dementia.
Whereas plaques were long believed to be the major
trigger for the development of AD, current studies
emphasize the role of protofibrils and ADDL as the
major toxic components in the early phases (Lambert
etal., 1998; Dewachter and Van Leuven, 2002; Selkoe,
2002; Walsh et al., 2002). It is even conceivable that
the formation of plaques is a mechanism or phe-
nomenon wherein the neurotoxic peptides are
actually rendered biologically inactive.

Transgenic mice expressing human APP with the
London (V7171) mutation, and also the double trans-
genic combination with PS1 [A246E], are robust and
validated models for the amyloid component of the
pathogenesisin AD (Moechars etal., 1999; Dewachter
etal., 2000, 2002; Van Dorpe et al., 2000). These mice
accumulate AP peptides in brain and CSF, show
memory and behavioral deficits, and form plaques
(Moechars et al, 1999; Dewachter et al., 2000, 2002;
Van Dorpe et al., 2000). Remarkably, the memory
deficit, asmeasured in Morris water maze and novel
object recognition tests, becomes evident as early as
6-8 wk of age, concomitant with detectable ABlevels
in brain. In contrast, plaques form much later, that
is, around the age of 6 mo in the double APP [V7171]
x PS1 [A246E]) transgenic mice and around 12 mo
inthesingle APP[V717]]) transgenicmice. Preclinical
studies have demonstrated the usefulness of both
single and double transgenic mice in the preclinical
evaluation of therapies that target behavior, amy-
loid plaques, or brain AP accumulation (Moechars
et al., 1998; Dewachter et al., 2002; Permanne et al.,
2002; Frenkel etal., 2003; Etcheberrigaray etal., 2004;
Postina et al., 2004; Willem et al., 2004). These and
related transgenic mouse models arenow in general
use for assessing the preclinical effectiveness of
amyloid-based vaccines.

Following pioneering work by Schenk et al. (1999),
several other groups (Janus et al., 2000; Morgan etal.,
2000; Sigurdsson et al., 2001; Zhang et al., 2003; Lavie
etal., 2004) have shown that active vaccination in the
transgenic AD mouse models with A or derivatives
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thereof efficiently prevents the formation of amyloid
plaques and memory impairment. Active vaccination
with AB42 prevents plaque formationinyoung PDAPP
mice (expressing human APP [V717F]) (Schenk et al.,
1999). Vaccination of older animals significantly low-
ered plaque load as compared with nonvaccinated
animals, possibly indicating the dissolution of plaques.
By the same procedure, using AB42 as antigen, a 50%
reduction in plaque load was obtained as well as a
beneficial effect on cognitive functionin APP[K670N/
M671L/V717F] mice (Janus et al., 2000). Importantly,
however, total AP40 and AB42 levels inbrain were not
affected by the vaccination, as confirmed in Tg2576
mice (Morgan et al., 2000). A vaccine based on the
AB1-30 peptide with N-terminal six lysine residues
administered to Tg2576 mice, reduced plaque load,
together with a significant 57% reduction in soluble
Ap42 levels (Sigurdsson et al., 2001). Again, neither
total AB40levelsnorsoluble AB40 levels were affected
by the vaccination. Asingle dose of AB42-cholera toxin
B subunit fusion protein expressed by an adeno-
associated virus in APP London mice significantly
reduced plaque load as well as total levels of AB42 and
AP40 (Zhang et al., 2003). It is unclear whether the sol-
uble fraction of AP was affected or whether the effects
on total AP levels were limited to plaque-associated
AB. Anovel method of immunization used the EFRH
peptide (AB3-6) displayed on the surface of the fila-
mentous phage, evoking effective autoimmune anti-
bodies in APP [V7171] transgenic mice with a
considerable reduction in the number of amyloid
plaques (Frenkel et al., 2003). Finally, an AB3-6
tetrapeptide exposed on phages to immunize APP
London/Swedish double mutant mice reduced their
plaque load and total AB levels (Lavie et al., 2004).
Whereas in early studies (Schenk et al., 1999; Janus
etal,, 2000; Morgan et al., 2000; Sigurdsson et al., 2001)
complete and incomplete Freund’s adjuvants were
used tostimulate theimmunological response, inlater
studies adjuvant was avoided by using phage display
techniques (Frenkel et al., 2003; Lavie et al., 2004) or
adeno-associated viral vectors (Zhangetal.,2003). The
use of a liposome-based vaccine to prevent amyloid
plaque formation in the pancreas of NORBA trans-
genic mice, using lipid Aand Alum 15 as the adjuvant,
has been reported (Nicolau et al., 2002). Interestingly,
also during the AN-1792 clinical trial, AB42 wasadmin-
istered together with the surface-active saponin QS-
21 as adjuvant (Hock et al., 2002). Given the outcome
of thatclinical trial, the use of adjuvanthas come under
increasing criticism as the major suspect for the
observed side effects of the vaccine. Nevertheless,
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the AN-1792 clinical trial did show that many
Alzheimer patients could benefit from vaccination
against amyloid; it is clear that the nature of the
vaccine and the induced immune response will be
very critical.

Immunostimulating reconstituted influenza viro-
somes (IRIVs) are capable of inducing highly specific
humoral immune responses (Mueller et al., 2003).
The virosomal adjuvant/carrier systemisregistered
for human use, and the two marketed products have
demonstrated a very good safety profile (Holzeretal.,
1996). We demonstrate here that by using the viro-
somal carrier system, an AB1-16-based compound
witha defined three-dimensional conformation was
effectively presented to the immune system and
induced an antibody immune response with the
requested specificity. Highly specific antibody
responses are obtained without eliciting T-cell reac-
tivity thatlower amyloid peptidelevelsand improve
cognition. Immunostimulating reconstituted
influenza virosomes (IRIVs) are thereby demon-
strated to offer a promising antigen carrier system,
even in the domain of neuropathology.

Materials and Methods

Virosome Preparations

Peptide IRIVs were prepared by the method
described previously (Zurbriggen etal.,2000). Briefly,
32 mg egg phosphatidylcholine (PC) (Lipoid, Cham,
Switzerland), 8 mg phosphatidylethanolamine (PE)
(from R. Berchtold, Biochemical Laboratory, Uni-
versity of Bern, Switzerland), and 2 mg of the amy-
loid-peptide-PE conjugate were dissolved in 3 mL
of phosphate-buffered saline (PBS)/100 mM
octaethylenglycol (OEG) (PBS/OEG). Four mil-
ligrams of hemaggutinin (HA) of inactivated
influenza A/Singapore virus was centrifuged at
100,000¢ for 1 h at 4°C, and the pellet was dissolved
in 1 mL of PBS/OEG. The detergent-solubilized
phospholipids and viruses were mixed and soni-
cated for 1 min. This mixture was centrifuged at
100,000g for 1 h at 20°C, and the supernatant was
sterile filtered (0.22 pm). Virosomes were then
formed by detergent removal using 180 mg of wet
SM2 Bio-Beads (Bio-Rad, Glattbrugg, Switzerland)
for 1 h at room temperature with shaking and three
times for 30 min with 90 mg of SM2 Bio-Beads each.

Animals and Vaccination Procedure

Double transgenic F, mice in FVB ¥ C57Bl genetic
background (n = 36) were derived by crossing APP
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[V7171] with PS1 [A246E] transgenic mice (Moechars
etal., 1999; Dewachter etal.,2000). Allmice were geno-
typed by PCR at weaning (3 wk) and regenotyped at
the onset of the study. Mice were randomized for the
trials, blinded for the caretakers and experimenters,
age- and sex-matched in the control and treated
groups, and had free access to water and food. Mice
were kept under a reversed day/night cycle with 12
hlight and 12 h darkness starting at 7 am. All mice
were preimmunized 3 wk before the onset of the
proper vaccination, at age 5-6 wk, by intramuscu-
lar injection of 100 pL of inactivated and purified
influenza virus (10 ug/mL H1/N1 A/Sing, in PBS).
Thiswas done toreflect the humansituation, as prac-
tically everybody tests positive for anti-influenza
antibodies. Atotal of 24 double transgenicmice were
vaccinated monthly with 100 pL of AB virosomes
during 5mo, whereas 12 double transgenicmice were
treated with control virosomes without amyloid
peptide, following an identical scheme.

Dissection and Processing of Brain Tissue
for Immunohistochemistry and AP ELISA

Mice were anesthetized with a mixture of ketalar
(Ketamin), rompun (2% Xylazin), and atropine
(2:1:1). Blood was collected by heart puncture, and
plasma collected by centrifugation at 14,000 rpm at
4°C for 10 min. The mice were flushed transcardially
with ice-cold saline. Brains were removed, and left
and right hemispheres were processed for bio-
chemical and immunohistochemical analysis. One
hemisphere was immediately immersed in liquid
nitrogen and stored at —~70°C until homogenization
foranalysis of A peptidesby ELISA. The other hemi-
sphere was fixed in 4% (w/v) paraformaldehyde for
immunohistochemistry. All collected samples were
labeled with the ID number of the mouse, blind for
the analysts, and without any reference to the type
of treatment.

Immunohistochemistry

Sagittal vibratome sections (40 pm) were cut for
free-floating incubations and stored at 4°C until
staining. A total of 25 consecutive sections per brain
containing the hippocampal region were selected,
whereby sections 1, 6,11, 16, and 21 were immunos-
tained with Pan AP (Ab-1) polyclonal rabbit anti-
serum (Oncogene, San Diego, CA); sections 2,7, 12,
17, and 22 stained with thioflavineS; and sections 3,
8, 13, 18, and 23 with monoclonal antibody (MADb)
CD45 (Pharmingen, San Diego, CA) specific for acti-
vated microglia. Sections were randomized, stained,
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and analyzed blindly. Quantitation was performed
on images acquired with a Leica DMR microscope
equipped with a Sony DXC-9100P camera and ana-
lyzed with a computer program (Q-Win software,
Leica, Leitz, Germany). Lightintensity and condenser
settings for the microscope were kept constant
throughout the entire image acquisition process. All
acquired images were subjected to the same com-
puter subroutines to eliminate investigator bias. Den-
sity slice thresholds were applied uniformly
throughout the analysis. The area of the subiculum
was selected for automatic quantification of AR
immunostaining and thioflavineS staining, respec-
tively, yielding total amyloid load and dense-cored,
senile plaque load. Sections with mechanical or struc-
tural artifacts in the subiculum were excluded from
analysis.

Pan AP immunostaining was performed using a
three-step method. Briefly, sections were incubated
overnight with Pan Ap antiserum (1:10,000), diluted
in PBS containing 10% fetal calf serum. Sections
were further developed with biotinylated goat anti-
rabbit antiserum (dilution 1:500) and the ABC kit
(Vector, Burlingame, CA), using diaminobenzidine
and hydrogen peroxide as substrates. Stained sec-
tions were mounted (Depex). Staining for activated
microglia was performed similarly, except that
anti-CD45 MAD (1:5000) and goat anti-rat IgG anti-
serum (1:500; Vector) were used.

For thioflavine S staining, the sections wererinsed
in tap water, stained for 8 min with thioflavineS
solution (1% [w/v] in PBS), fixed in 4% (w/v)
formaldehyde, rinsed, and restained for 4 min.
The sections were fixed with 80% (v/v) ethanol and
mounted (Mowiol) with antifade ([DABCO] 1,4
diazabicyclo[2.2.2]octane), (Sigma, Steinheim,
Germany).

Preparation of Brain Extracts for ELISA
of Soluble and Insoluble AB

Brains were homogenized in 5 vol of 20 mM Tris-
HCI (pH 8.5) containing a cocktail of protease
inhibitors by 10 strokes (650 rpm) in a Potter homog-
enizer. Homogenates were centrifuged at 4°C for 80
min at 135,000¢. The soluble AB peptides were iso-
lated from the supernatantby reversed phase column
chromatography (C18-Sep-pack Vac 3cc cartridges,
Waters GmbH, Milford, MA). Before sample appli-
cation, columns were washed with 2 mL of 80% (v/v)
acetonitrilein 0.1% (v/v) trifluoroacetic acid (TFA) in
waterand twicewith2mLof0.1% (v/v) TFAin water.
Samples wereapplied, and the columns washed with
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1.5mLof 5% (v/v) acetonitrile/0.1% (v/v) TFA, 1.5
mL 25% (v/v) acetonitrile/0.1% (v/v) TEA. The AR
peptides were eluted with 50% (v/v) acetonitrile/
0.1% (v/v) TFA, collected in one fraction, which was
freeze-dried overnight. The freeze-dried pellet was
resuspended in Tris-buffered saline containing pro-
tease inhibitors, 2% (v /v) NP-40,and 2% (v /v) Triton
X-100 and subsequently centrifuged for 60 min at
98,000g at 4°C.

Insoluble amyloid peptides are contained in the
pellets of the first centrifugation step after homog-
enization. The pellets were resuspended in 80 mM
Tris-HCl (pH 8.0) containing 8 M guanidinium
chloride by mixing for 3 h at room temperature and
subsequently appropriately diluted in ELISAsample
buffer.

Analysisby ELISA of the AB40 and AB42 peptides
in the soluble and insoluble fractions was carried
outby dedicated specific assay kits, according to the
manufacturer’s instructions (Genetics Company,
Zurich, Switzerland).

ELISA for AB1-16-Specific Antibodies

ELISA plates were coated overnight with 10
ug/mL amyloid-peptide-PE conjugate in PBS. After
washing with PBS, 0.05% (v/v) Tween-20 plates were
blocked with 5% (w/v) dry milk in PBS. Mouse plas-
mas were initially diluted 1:50 and titrated in serial
1:2 dilutions in PBS, 0.05% (v/v) Tween-20, 0.5%
(w/v)dry milk. After washing, plates wereincubated
with HRP-labeled goat anti-mouse AP specific for
total immunoglobulin, IgG1, IgG2a, IgG2b, or IgG3
(diluted in PBS, 0.05% [v/v] Tween-20, 0.5% [w/v]
dry milk). Plates were developed with OPD-sub-
strate ([O-phenylendiamine tablets, Fluka, Buchs,
Switzerland], 1 tablet in 50 mL citrate buffer + 50 uL
H,0,). The reaction was stopped with 1 M H,SO,,
and plates wereread at492 nm. Positive cutoff values
were set as twice the OD value of the negative con-
trol (pool of sera from nontransgenic mice). ELISA
antibody titers were expressed as the reciprocal of
the highest dilution of each sample giving a positive
reaction.

Statistical Analysis

The experimental data were analyzed by means
of the paired Student’s t-test.

Results

Amyloid precursor protein (APP) [V7171] x PS1
[A246E] double transgenicmice (n=24) were injected
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Fig. 1. Brain levels of soluble (A,B) and insoluble (C,D) AB40 (A,C) and AB42 (B,D) in immunized (1) and control

(C) APP x PS1 double transgenic mice.

monthly with the AB1-16 antigen delivered by
IRIVs, whereas similar age-matched double trans-
genic mice (1 = 12) received monthly injections of
IRIVs without the amyloid antigen. At the age of
5-6 wk, both groups were preimmunized with inac-
tivated influenza virus. The first amyloid vaccina-
tion was given at the age of 2 mo and repeated
monthly for 5 mo. Premature death is a specific phe-
notype trait of transgenic APP mice (Moechars etal.,
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1999). Correspondingly, in the control group, 25%
attrition was observed (3 of the 12 animals died pre-
maturely), whereas attrition in the treated group
was significantly lower (16.6%; 4 out of 24 animals),
indicating a possible protective effect of the vacci-
nation. During treatment, meanbody weightofboth
groupsincreased as expected with young animals,
and no differences between the treated and control
groups were observed: Body weight increased
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Fig. 2. Plaque load in control (A) vs. immunized (B) APP x PST double transgenic mice. (A,B) Representative images
of staining with Pan A in the subiculum of control (A) and vaccinated (B) mice (magnification x200). (C,D) Quantita-
tion of Pan AP staining. Quantitation of total plaque load was performed by image analysis and represented as mean

+ S.E.M. (C) and individual values (D).

from 19.66 * 0.38 g to 23.32 + 0.4 g in the control
group and from 19.33+0.20 g t0 23.36 £ 0.34 g in the
amyloid-immunized group. Alsono differences were
observed in the open field test between the control
and immunized animals with respectto total distance
moved, velocity, frequency, and time spent in the
open field (results not shown). Taken together, all
data point toward absence of any adverse effects
of the treatment on physical condition, anxiety, or
general behavior and even point to a positive effect
on premature death.

Five weeks after the last injection, at the age of
30wk, all animals were sacrificed and blood plasma
was collected for the determination of anti-Af1-16
antibodies. One brain hemisphere was processed for
analysis of soluble and insoluble amyloid peptides
by ELISA, and the other hemisphere was fixed for
immunohistochemistry. The geometric mean titer
(GMT) of AB1-16-specific total antibodies was sig-
nificantly higher in the immunized group (GMT:
2691) than in the control group (GMT: 159) (p < 0.05).
Isotyping of IgG antibodies showed predominantly

f Molecular Neuroscience

IgG1 and IgG2b and less IgG2a and IgG3, indicating
a Th2 response (data not shown).

Strikingly, we observed ahighly significantreduc-
tion of soluble amyloid peptides in the immunized
group (Fig.1). The AB40levelsin the soluble fraction
(Fig. 1A) were reduced by about 75% (0.79 + 0.19
ng/g in the control group vs 0.20 +0.34 ng/g in the
immunized group, p=0.012), whereas the AB42levels
(Fig. 1B) were reduced by >60% (0.81+0.18 ng/g in
the control group, vs 0.31 £ 0.04 ng/g, p = 0.034 in
the immunized group). In contrast, the concentra-
tion of amyloid peptides in the insoluble fraction
was far less affected by the immunization. Insoluble
AP4O0 levels (Fig. 1C) were reduced by about 30%,
not reaching statistical significance (32.91+5.5ng/g
in the control groupvs23.20+3.87 ng/ginthe immu-
nized group, p=0.072), whereas insoluble AB42levels
(Fig. 1D) were reduced by about 25% (405.71 + 80.25
ng/g in the control group vs 295 +42.69 ng/g in the
immunized group, p = 0.135).

The absence of a statistically significant reduction
inthelevels of insoluble amyloid peptidesindicated
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Fig. 3. Thioflavine-S-positive senile plaque load in control vs immunized APP x PS1 double transgenic mice.
(A,B) Representative thioflavine-S-stained subiculum of control and vaccinated mice, respectively (magnification
%200). (C,D) Quantitation of thioflavine S staining. Quantitation of the senile plaque load was performed by image
analysis and represented as mean + S.E.M. (C) and individual values (D).

that the vaccination had not affected amyloid
plaques, whichin this double transgenicmodel starts
to build up from the age of 6 mo onward. Similar to
those in AD patients, plaques typically are first
observed in the subiculum and at later ages spread
to cortex and to the rest of the hippocampus. The
absence of a significant effect on plaque load was
confirmed by immunohistochemistry of the subicu-
lum using the Pan A antibody (Fig. 2A,B) followed
by quantitation of the surface of the subiculum
covered by plaques. The subiculum surface covered
by plaques diminished only slightly from 6.66% *
1.08% in the control group to 5.45% £0.43% (p=0.32)
in the immunized group (Fig. 2C). Interestingly, the
four individual mice that contained the lowest
plaque load all belonged to the immunized group,
whereas the two individual mice with the highest
plaqueload belonged to the control group (Fig. 2D).

Because Pan Af stains both diffuse and senile
plaques, we also performed thioflavine S staining
for quantitation of the senile plaques (Fig. 3A,B),
whereby thioflavine S is specific for the amyloid
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B-sheet structures present in senile plaques only.
Quantitation of thioflavine-S-positive plaques in
the subiculum area of the brain revealed that senile
plaque load was not affected by the immunization
(0.31% #+ 0.05% of the subiculum was covered by
thioflavine-S-positive plaques in control animals
vs0.38% £ 0.03% in the immunized group, p =0.25)
(Fig. 3C). The absence of an effect on senile plaque
load is also obvious from the individual values
(Fig. 3D).

A major drawback of active vaccination with
amyloid peptide-based antigens is the potential
adverse reactions in the form of inflammatory
reactions in the brain. To evaluate whether the
virosome-based approach had induced such reac-
tions, we stained brain sections from immunized
and control mice with an antibody against the CD45
antigen that is specifically expressed by activated
microglia (Fig. 4A,B). Clearly, no microgliosis was
induced by the treatments (8.81% * 1.85% in con-
trol group, vs 9.21% * 1.98% in the immunized
group, p = 0.88) (Fig. 4C). The somewhat larger
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Fig. 4. Staining for CD45 as marker for activated microglia. (A,B) Representative images of the subiculum of control
(A) and immunized (B) APP x PS1 double transgenic mice (magnification x200). (C,D) Quantitation of activated microglia
staining. Quantitation was performed by image analysis and represented as mean + S.E.M. (C) and individual values (D).

variation in the individual values (Fig. 4D) in the
immunized group reflects the larger size of that
group (20 mice analyzed) as compared with the con-
trol group (9 mice analyzed).

Discussion

Despite the failure of the clinical trial with AN-
1792, active immunization remains a promising
therapeutic approach to treat and prevent AD. Most
of the active vaccination approaches have largely
focused on amyloid plaques as target, whereas
soluble AB oligomers are likely the early and most
harmful species. In the current approach, using the
AB1-16 peptide sequence exposed on the surface of
virosomes, we succeeded in dramatically lowering
brainlevels of both AP40 and AB42, without affecting
senile plaque load, thereby opening new perspec-
tives for the treatment of AD.

Because the formation of soluble species of A
precedesamyloid plaque formationby along period
even in double transgenic mice, we expected that a
reduction in soluble brain AR levels would coincide
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with lower plaque load and lower levels of insolu-
bleamyloid species. However, whereas insoluble A3
levels were slightly reduced in vaccinated animals
as compared with controls, plaque load and espe-
cially senile (thioflavine-S-positive) plaqueload was
not affected. These results point toward a major dif-
ference in time scale between the immunological
response in the double transgenic mouse model and
the development of the disease in that model. In
double transgenic mice, the aggressive amyloid
pathology caused by the twomutant proteins results
in the very fast accumulation of Af and the rapid
formation of plaques, thatis, within 6 mo. In contrast,
in humans, the entire pathology from first symp-
toms to terminal stages takes many years, probably
even decades. The compression of the entire patho-
logical process in the double transgenic mice is most
likely not sufficient time to generate a more optimal
immunological defense against the amyloid peptides.
Nevertheless, the data demonstrate thatevenincom-
plete defense succeeds in clearing the brain from
soluble amyloid species, although much less from
the insoluble species in the plaques. On the other

Volume 27, 2005



Active Immunization Targeting Soluble AB

hand, given the hypothesis that plaque formation
might be a detoxifying attempt of the brain, their
dissolution might even constitute a harmful process,
and the characteristics of the current vaccine might
then become a highly beneficial aspect.

Using the virosomal carrier system in combina-
tion with AB1-16 peptide, which does not include
any AP T-cell epitopes (Monsonego et al., 2003), a
specific Th2 immune response was induced.

In conclusion, we demonstrated that highly spe-
cific antibody responses were obtained without elic-
iting T-cell reactivity, using IRIVs thatarea promising
antigen carrier system against the neuropathology
of AD. Studies are ongoing at the preclinical stage to
demonstrate positive effects on cognition, as well as
the total absence of negative inflammatory effects in
the brain on long-term applications.

Acknowledgments

The authors wish to thank Tine Decruy, Stephanie
Rosenfellner, and David Oberholzer for expert
technical assistance.

References

Dewachter I. and Van Leuven E. (2002) Secretases as tar-
gets for the treatment of Alzheimer’s disease: the
prospects. Lancet Neurol. 1(7), 409-416.

Dewachter 1., Reverse D., Caluwaerts N., Ris L., Kuiperi
C., Van Den Haute C., et al. (2002) Neuronal deficiency
of presenilin 1 inhibits amyloid plaque formation and
corrects hippocampal long-term potentiation but not
acognitive defect of amyloid precursor protein [V7171]
transgenic mice. J. Neurosci. 22, 3445-3453.

Dewachter L., Van Dorpe J., Smeijers L., Gilis M., Kuiperi
C.,Laenenl., etal. (2000) Aging increased amyloid pep-
tide and caused amyloid plaques in brain of old
APP/V717I transgenic mice by a different mechanism
than mutant presenilinl. J. Neurosci. 20(17), 6452-6458.

Etcheberrigaray R., Tan M., Dewachter 1., Kuiperi C.,
Van Der Auwera L., Wera S., et al. (2004) Therapeutic
effects of PKC activators in Alzheimer’s disease
transgenic mice. Proc. Natl. Acad. Sci. U. S. A. 101,
11141-11146.

Frenkel D., Dewachter 1., Van Leuven F,, and Solomon B.
(2003) Reduction of B-amyloid plaques in brain of
transgenic mouse models of Alzheimer’s disease by
EFRH-phage immunization. Vaccine 21, 1060-1065.

Hock C., Konietzko U., Papassortiropoulos A., Wollmer A.,
Streffer]., VonRotz R. C., et al. (2002) Generation of anti-
bodies specificfor beta-amyloid by vaccination of patients
with Alzheimer disease. Naf. Med. 8(11), 1270-1275.

HolzerB.R.,Hatz C.,Schmidt-Sissolak D., Gliick R., Althaus
B., and Egger M. (1996) Immunogenicity and adverse
effects of inactivated virosome versus alum-adsorbed

Journal of Molecular Neuroscience

165

hepatitis A vaccine: a randomized controlled trial. Vac-
cine 14, 982-986.

Janus C., Pearson J., Mclaurin J., Mathews P. M., Jiang Y.,
Schmidt S. D., et al. (2000) A peptide immunization
reduces behavioural impairment and plaques in a
model of Alzheimer’s disease. Nature 408, 979-982.

LambertM. P, Barlow A. K., Chromy B. A., Edwards C.,
Freed R., Liosatos M., et al. (1998) Diffusible, non-
fibrillar ligands derived from Abetal-42 are potent
central nervous system neurotoxins. Proc. Natl. Acad.
Sci. U, 5. A. 95(11), 6448—6453.

Lavie V., Becker M., Cohen-Kupiec R., Yacoby I., Koppel
R., Wedenig M., et al. (2004) EFRH-Phage immuniza-
tion of Alzheimer’s disease animal model improves
behavioral performance in Morris water magze trials.
J. Mol. Neurosci. 24, 105-113.

Moechars D., Dewachter I., Lorent K., Reverse D.,
Baekelandt V., Naidu A., et al. (1999) Early phenotypic
changes in transgenic mice that overexpress different
mutants of amyloid precursor protein in brain. . Biol.
Chem. 274(10), 6483-6492.

Moechars D., Gilis M., Kuiperi C., Laenen L, and Van
Leuven E (1998) Aggressive behaviour in transgenic
mice expressing APP is alleviated by serotonergic
drugs. Neuroreport 9(16), 3561-3564.

Monsonego A., Zota V., Karni A., Krieger J. I, Bar-Or A.,
Bitan G., et al. (2003) Increased T cell reactivity to amy-
loid beta protein in older humans and patients with
Alzheimer disease. J. Clin. Invest. 112(3), 415-422.

Morgan D., Diamond D. M., Gottschalk P. E., Ugen K. E.,
Dickey C., Hardy J., et al. (2000) A beta peptide vacci-
nation prevents memory loss in an animal model of
Alzheimer’s disease. Nature 408(6815), 982-985.

Mueller M. S., Renard A., Boato F., Vogel D., Naegeli M.,
Zurbriggen R., et al. (2003) Induction of parasite
growth-inhibitory antibodies by a virosomal formula-
tion of a peptidomimetic of loop I from domain III of
Plasmodium falciparum apical membrane antigen 1.
Infect. Immun. 71(8), 4749-4758.

Nicolau C., Greferath R., Balaban T. S., Lazarte J. E., and
Hopkins R. J. (2002) A liposome-based therapeutic
vaccine against B-amyloid plaques on the pancreas of
transgenic NORBA mice. Proc. Natl. Acad. Sci. U. 5. A.
99(4), 2332-2337.

Permanne B., Adessi C. Saborio G. P., Fraga S., Frossard
M. ]., Van Dorpe J., et al. (2002) Reduction of amyloid
load and cerebral damage ina transgenic mouse model
of Alzheimer’s disease by treatment with a beta-sheet
breaker peptide. FASEB ]. 16(8), 860-862.

PostinaR., Schroeder A., Dewachter 1., Bohl]., Schmitt U.,
Kojro E., et al. (2004) A disintegrin-metalloproteinase
prevents amyloid plaque formation and hippocampal
defectsin an Alzheimer’s disease mouse model. J. Clin.
Invest. 113, 1456-1464.

Schenk D., Barbou R., Dunn W., Gordon G., Grajeda H.,
Guido T., et al. (1999) Immunization with amyloid-8
attenuates Alzheimer-disease-like pathology in the
PDAPP mouse. Nature 400, 173-177.

Volume 27, 2005






