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Abstract

ApB4o peptide aggregation and deposition is an important component of the neuropathology of
Alzheimer’s disease (AD). Gene-gun mediated gene vaccination targeting A, is a potential method
to prevent and treat AD. APPswe/PS1AE9 transgenic (Tg) mice were immunized with an AB4p gene
construct delivered by the gene gun. The vaccinated mice developed Th2 antibodies (IgG1) against
ABgp. The APy, levels in brain were decreased by 41% and increased in plasma 43% in the vaccinated
compared with control mice as assessed by ELISA analysis. AB4 plaque deposits in cerebral cortex
and hippocampus were reduced by 51% and 52%, respectively, as shown by quantitative
immunolabeling. Glial cell activation was also significantly attenuated in vaccinated compared with
control mice. One rhesus monkey was vaccinated and developed anti-Af4, antibody. These new
findings advance significantly our knowledge that gene-gun mediated AB4, gene immunization
effectively induces a Th2 immune response and reduces the ARy levels in brain in APPswe/
PS1AE9 mice. AB42 gene vaccination may be safe and efficient immunotherapy for AD.
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1. Introduction

Alzheimer’s disease (AD) is the most common cause of dementia and its pathogenesis has been
associated with the accumulation, aggregation and deposition of amyloid beta (AB) peptides
in cerebral cortex, hippocampus and other subcortical structures [1,2]. AB is derived from a
larger beta-amyloid precursor protein [3,4] (APP) that is preferentially expressed in higher
levels in central nervous system [5,6]. The aggregated form of A4, has been identified as a
major component of senile plaques of AD brain [7-9], and thus, a major target of therapy for
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AD. A4, peptide vaccination has been shown to reduce the amyloid burden in brain and
improve the cognitive function in transgenic mouse models as well as in AD patients. However,
APy peptide vaccination was discontinued because of the occurrence of meningoencephalitis
in 6% of immunized patients [10-13]. We are exploring genetic immunization as a method to
treat or prevent Alzheimer’s disease.

We have previously demonstrated that prophylactic gene-gun mediated AB4, gene vaccination
can break tolerance against mouse AP, peptide in wild type mice and by efficiently producing
anti-AB4, antibody to human A4, peptide in APPswe/PS1AE9 transgenic mice with Th2
polarized antibody production [14]. We have also demonstrated that A4, gene vaccination
can efficiently prevent AP, plague formation in APPswe/PS1AE9 transgenic mice [15].

We advance and extend our knowledge significantly by demonstrating here in APPswe/
PS1AE9 transgenic mice that gene-gun mediated A4 gene vaccination can efficiently elicit
Th2 biased anti-Ap4, antibodies and the AB4o deposition in treated mouse brain is significantly
reduced. It is demonstrated further that glial cell activation is also significantly reduced by
vaccination. We show that gene-gun mediated AB4, gene vaccination can also efficiently
induce a IgG1 (Th2) anti-ApB,4, antibody response in a monkey against AB4, peptide. The
development of an AB,4, gene vaccine for AD is supported by these new findings.

2.1. AB42 constructs

As previously reported [14,15], the AB4» gene was cloned into a genetic immunization plasmid
vector under the control of an synthetic mammalian cell-specific promoter named SP72 and
fused upstream with a leader signal of adenovirus E3 gene (E3L) and downstream with the
endosome targeting sequence in frame with the AB4» gene sequence (pSP72-E3L-AB40-ET)
(Fig. 1). The construct was sequenced to confirm if the insert was in the correct open reading
frame. We have previously demonstrated that SP72 with the E3 leader and endosome targeting
sequences was the most efficient plasmid vector in eliciting an AB4, immune response.
Therefore, in the present study, we used this plasmid DNA vector as the ABy4, vaccine carrier
for immunization of APPswe/PS1AE9 transgenic mice delivered by the gene-gun method.

2.2. Gene vaccine elicits Th2 immune response in APPswe/PS1AE9 transgenic AD mice

On the basis of our previous study, we used the pSP72-E3L-AB4,-ET construct as the vaccine
carrier for gene immunization in APPswe/PS1AE9 transgenic AD mice. These mice begin to
develop amyloid plaques at 6 months of age. Twelve mice were equally divided into a control
group which was transfected using the gene gun with a control plasmid pSP72-luc and a treated
group vaccinated with the pSP72-E3L-AB4,-ET beginning at 3 months of age. The humoral
immune response was detected with the ELISA method after 4 vaccinations within 2 months.
Fig. 2A shows the ELISA titration of anti-Ap4» antibodies in mouse serum after 15 vaccinations
with the final serum obtained at 15 months of age. The average antibody titer against A4, was
1:10,000 in six treated Tg mice while the anti-ApB,4, antibody in 6 control mice was at a
background level. Western blot analyses showed that all sera samples of the six vaccinated
mice (sera taken from 15 month old mice after 15 vaccinations) recognized the N-terminal
(AP1_16), middle part (AB17_2g) and C-terminal (AB2g_42) epitopes with slightly more
reactivity against N-terminal (1.5x106 pixels, 35%) and C-Terminal (1.6x108 pixels, 36%)
epitopes than the middle (1.1x106 pixels, 27%) epitopes (Fig. 2B). The additional band above
the GST-APog_42 peptide (about 50 kDa) might be a dimer of the peptide or coexist with a
tightly associated protein.
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ELISA isotyping showed that anti-AB1_4» antibodies in the sera of vaccinated Tg mice were
predominantly 1gG1 type. The level of IgG2a was undetectable with ELISA except in one
treated (1/6) mouse in which that 1gG2a antibody was clearly detectable with 40% level of
IgG1 antibody (Fig. 3A). The production of IgG1 type antibody is an indirect measure of the
relative contribution of Th2-type cytokines, whereas IgG2a antibodies reflect the contribution
of Th1 cytokines to the immune response. Thus, the data in antibody isotyping in the present
study indicated that gene-gun mediated AB4» gene vaccination predominantly elicits a Th2-
polarized immune response in APPswe/PS1AE9 transgenic AD mice.

Consistent with the antibody isotyping data, enzyme-linked immunospot assay (ELISPOT
assays) demonstrated that the vaccinated Tg mice exhibited insignificant cellular immune
responses compared to control mice as tested by interferon gamma (IFNy) release in spleen T
cells stimulated with ABg_1g, AB1_40 and AB1_42 synthetic peptides (n=6, p=0.59). Both control
and vaccinated Tg mice also exhibited similar numbers of IFNy positive T cells in the absence
of AB4y peptide (n=6, p=0.28) (Fig. 3B). We further tested IL4 positive T cells with the
ELISPOT method and showed that vaccinated mice have a significantly higher number of IL4
positive T cells in the presence of ABg_1g, AB1_40 and AB1_4» peptide with in vitro cultures
compared to the control mice (n=6, p<0.05). There was no significant increase of the IL4
positive T cells in control Tg mice in the presence of ABg_18, AB1_40 and AB1_4» peptide with
in vitro cultures compared to absence of AP peptides (Fig. 3C). However, in treated mice, a
higher number of IL4 positive cells were observed in the presence of Af peptide compared to
the absence of AP peptide with in vitro cultures of the spleen T cells, indicating IL4 positive
cells are AB1_4o peptide specific. (n=6, p<0.05).

2.3. AB4o levels were reduced in brain but increased in plasma in vaccinated Tg mice as
measured by ELISA

After 15 APy, gene vaccinations at 15 months of age, brain tissue and plasma of Tg mice were
extracted with quinidine-tris buffer and Ap,, levels were measured by ELISA analysis using
the AB4»2 ELISA kit (BioSource, California). In control mice, the median level of APy, in
cerebral cortex was 910 ng per gram wet weight tissue. In contrast, AB4» gene vaccinated mice
had 41% less AB4o, 533 ng per gram wet weight tissue, than the control group in cerebral
cortical homogenates (n=6, t(6.73) = 3.98, p=0.006) (Fig. 4A). The heparinized plasma was
similarly extracted with quinidine—tris buffer and subjected to ELISA A4, analysis and
showed a 43% increase of plasma A, in the vaccinated mice (9.0 ng/ml) than the control
mice (5.1 ng/ml) (n=6, t(8)=—3.15, p=0.014), t-test results, (Fig. 4B).

2.4. Brain AB42 plaques are significantly decreased in vaccinated mice as demonstrated by
immunolabeling

To evaluate the ABy4 burden in vaccinated and control Tg mouse brain, we performed
fluorescence immunolabeling for ABg4,. The paraffin sections of the brain were subjected to
APB4p-specific immunolabeling with antibody A1976 (Sigma). AB4 deposits were stained in
both cortical and hippocampal regions in Tg mice 15 months of age in both the treated and
control groups. To quantitatively measure the brain A4, burden in these mice, five imaging
areas at 10x magnification were measured in cortical and hippocampal regions in each mouse
(representative image areas from 3 sections in cerebral cortex and representative image areas
from 2 sections in hippocampus for each mouse). The fluorescence labeled plaque areas and
intensity were quantitatively and automatically measured by Image J (NIH) software. The
plaque areas and mean plaque intensity were registered in pixels. The density measured in
density units was given by accumulated plaque area multiplied by average plaque intensity.
The size of the plaques of all six vaccinated mice was smaller and the number of the plaques
was significantly less than the control mice. The AB4, plague burden in cortex was calculated
as 8.69% (6.3-10.9%) in control mice (n=6) and 4.4% (3.2-6.2%) in vaccinated mice (n=6),
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and in hippocampus, the AB42 burden is 4.6% (3.8-5.6%) in control mice and 2.4% (2.3-2.7%)
in vaccinated mice. The percentages represent plaque area to the total area measured by the
Image J (NIH) software. By multiplying total plaque area with mean fluorescence intensity,
the total density (density units) in the measured area was obtained. The mean brain plaque
density in cerebral cortex of control mice was 4.9+0.9x106 (3.4-6.0x10%) pixels (density units),
while in treated mice it was 2.4+0.5x10° (2.0-3.3x106) pixels (density units). The reduction
was calculated as 51% in cortex according to the density units in treated mice compared to the
controls (t(10)=5.07, p<0.001). In hippocampus, 2.5+0.4x106 pixels (density units) were
obtained in the control group and 1.2+0.2x108 pixels (density units) in the treated group, a
52% reduction (t(10)=7.77, p<0.001). Fig. 5A shows a low magnification (10x) of
representative images of all six control and treated mice of cerebral cortex and hippocampus.
Fig. 6 shows the A4, plaque burden and the total density comparison between control and
treated mice.

We also performed the immunohistochemical staining in paraffin-embedded brain sections
using polyclonal anti-ApB4, antibody (A1916, Sigma, St. Louis, MO). We observed similar
results as with immunofluorescent labeling, in term of AB4 plague numbers, plague size and
staining intensity in the hippocampus and frontal cortex (Fig. 5B). Compared with non-
vaccinated APP/PS1 mice, ABq_4p-stained plaques were shown to be smaller in size and less
in numbers. Lightly stained plaques were more often seen in many brain areas of vaccinated
mice.

2.5. Reduced glial fibrillary acidic protein staining in vaccinated mice

Glial fibrillary acidic protein (GFAP) is an intermediate-filament protein that is highly specific
for cells of astroglial lineage and its increased expression has been associated with AD. We
performed fluorescence immunolabeling for GFAP in paraffin sections of AD Tg mice. In
cerebral cortex (representative image areas of 3 sections per mouse) and hippocampus
(representative image areas of 2 sections per mouse), intracellular GFAP positive staining was
seenin glial cells. We quantitatively measured the GFAP staining burden and staining intensity.
The control mice showed significantly higher levels of GFAP specific immunostaining in both
cortex and in hippocampus compared to the treated mice. We quantitatively measured GFAP
staining and the total density of the staining by Image J (NIH) software in representative areas
with low magnification microscopy (10x). The cortical GFAP staining in control mice was
11.4% and in treated mice, it was 5.0%. The mean density in cortical in control mice (n=6)
was 6.1+2.2x106 pixels (density units) per image area while in treated mice (n=6) it was 2.2
+0.9x10°6 pixels (density units) (t(6.23)=3.435, p=0.013) (Fig. 7C). There is a 64% reduction
in cortical levels of GFAP staining in gene-vaccinated mice compared to control mice (Fig.
7A-C). In hippocampus, GFAP staining in control mice was 14.2% and in vaccinated mice, it
was 8.8%. The GFAP density of hippocampus in control mice (n=6) was 7.3+3.4x106 pixels
(density units) and in treated mice (n=6) it was 3.6+1.9 x 10° pixels (density units) with a
reduction of 51% in vaccinated mice (t(10) = 2.309, p=0.0444) (Fig. 7D-F).
Immunohistochemical staining of the paraffin sections also showed similar result as with
immunofluorescence method (Fig. 7G). Area covered by GFAP-positive astrocytes and the
respective integral staining intensities were reduced in hippocampus and frontal cortex by
ApB4o gene vaccine treatment.

We also performed biotinylated BS-1 isolectin B4 (Sigma) staining for macrophages. There
was no significant difference in intensity for isolectin staining between control and treated
mouse brain (data not shown). In addition, a careful histological examination of brain with
hematoxylin and eosin staining showed no inflammatory cellular response. The immune
response induced by gene vaccination to AB4o did not produce obvious signs of damage to
neurons in AB4» gene-immunized mice. The weight gain was higher in vaccinated mice
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compared to the control mice with the mean weight in control mice at 15 months of age was
36+5.0 g and in treated mice, was 40+5.4 g (n=6).

2.6. Gene vaccine elicited antibodies against AB4» in an aged monkey

A 15 year old rhesus monkey was immunized using the same gene-gun delivered AB4» gene
vaccine as used in mice. The monkey was injected in four monthly intervals with 8 pg DNA
transfected into the abdominal skin each time. Serum was obtained 6 months after the first
vaccination. ELISA analysis showed that the specific titer against A4, was 1:20,000 (Fig. 8A)
in comparison to the preimmune serum. Western blot analysis showed that the sera after
APB42 gene immunization specifically recognized GST-Ap4, with an antibody titer against
APB1_16 and against AB,g_4, residues similar to the mouse results (Fig. 8 B). The isotyping by
ELISA showed that the vaccinated monkey produced an increased level of anti-AB4, 1gG1
specific antibody (Th2 type response).

3. Discussion

In previous studies, we have demonstrated that prophylactic gene-gun mediated AB4, gene
vaccine in APPswe/PS1AE9 transgenic mice induced a Th2 biased immune response and was
effective in reducing AB4 plaque burden in brain [15]. The present studies significantly
advance this analysis. Inducing a Th2 polarized immune response against ABo peptide is
critically important to minimize the risk of a cell mediated autoimmune encephalitis in
vaccinating patients with Alzheimer’s disease. In the present study, we applied full length
AP4, gene constructs as a vaccine carrier. Previous results have shown that a shorter epitope
construct of AB1_15 was less effective in reducing AB, burden in APPswe/PS1AE9 mice
compared to the full length AB1_42 gene vaccine construct [15]. With full length AB4, gene
constructs, a high titer of Th2 type antibodies (IgG1) was induced that recognized all segments
of A4z including: AB1_16, AP17-28, and ABog_42. The Th2 type 1gG1 antibody has been shown
to be effective in binding and clearing the Ap plaques in AD mouse brain [16].

The AB4o antibody titer with the gene-gun method in the present study reached 1:10,000 (2.5
pg per ml serum) in APPswe/PS1AE9 mice and reached 1:20,000 (5 pug/ml) in a vaccinated
monkey. In general, 1 pg of specific antibody per ml of serum is effective to neutralize a viral
infection [17]. In the AP4» peptide vaccination protocol conducted on Alzheimer’s disease
patients, only 20% of patients produced a significant anti-Ap4; antibody titer (1:1200) [18,
19]. The gene-gun delivered AB4 gene vaccine did induce anti-Ap4, antibody in all six treated
Tg mice and one monkey that provides an improved probability of being effective in reducing
A4 plaques in the brain of Alzheimer’s disease patients.

Avoiding a T cell mediated encephalitis is required for implementing a successful AD
vaccination program. The ELISPOT method was used to discriminate Thl and Th2 responses.
The ELISPOT assay is a reliable method to test T cell responses to specific antigen stimulations
[20]. IFNy and 1L4 are the two major primary cytokines to discriminate Thl and Th2 T cells,
respectively [21,22]. By quantitatively counting the cytokine containing spleen T cells in
culture, the number of IL4 T cells was significantly increased after stimulation with A4,
peptide in vaccinated Tg mice compared to the absence of ABy4, peptide in cell culture. Thus,
increased IL4 T cells induced by AB4o peptide would increase a Th2 immune response in
vaccinated Tg mice. There was no increase in the number of IL4 T cells from non-vaccinated
APP/PS1 mice in the presence of AR, peptide in cell culture compared to the absence of
A4, peptide. There was also no difference in the number of spleen IFNy T cells in culture in
the presence of AB42 between vaccinated and control mice. Interestingly, the number of
IFNy T cells was significantly increased in non-vaccinated Tg mice in the presence of AB4»
peptide than in the absence of AP4» peptide as assayed in cell culture, indicating that these Tg
mice might develop an autoimmune T cell response to the highly expressed transgenic ABy;
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peptide. This is consistent with human data that increased T cell reactivity to APy, peptide
increases with age [23].

Astrocytes may function as immunocompetent cells within the brain [24]. Activated astrocytes
expressed an enhanced level of glial fibrillary acidic protein (GFAP) in control mouse brain
that was significantly reduced by AB4, gene vaccination. This result can be explained by two
possible mechanisms. First, activation of astrocytes is associated with Th1l autoimmunity
against the highly expressed ABg4; in these mice and the gene-gun mediated AB4 gene vaccine
induced a Th2 immune response that inhibited the inflammatory immune response involved
in astroglial cell activation. The second explanation may be that AB4, plaque deposition
induced activation of glia cells and less deposition in vaccinated mice simultaneously reduced
gliosis. Both mechanisms may be involved in the reduction of astroglial cell activation to
express the GFAP [25-27].

Gene-gun mediated AB4o gene vaccination reduced AB4o deposition in brain by 50% as
assessed by quantitative immunolabeling analysis. Analysis of brain homogenates by ELISA
showed a 41% reduction, with a concomitant elevation of A4, in the plasma by 43% in
Ap4> gene vaccinated compared with control mice. Brain homogenates assayed by ELISA
assesses mainly insoluble AB4o peptide while immunolabeling mainly detects the plaque
deposited AB4o peptide. These results and those of Okura et al. [28] and Ghochikyan et al
[32] indicate that AB4, gene vaccination is efficient in inducing an immunoresponse against
AP4o to reduce ARy levels in brain. Ghochikyan et al. [32] used an AB4, gene fused to
interleukin-4 gene (pAB4o-1L-4) to generate anti-Ap antibodies and enhance the Th2-type of
immune responses. They find that their gene-gun immunizations induced primarily 1gG1 and
1gG2b anti-Ap antibodies. Okura et al. [28] similarly found that an Ap DNA vaccine
significantly reduced Ap burden in transgenic mice. Both Okura et al. [28] and Ghochikyan et
al. [32] point out that DNA (AB) gene vaccines produce lower titers of anti-ApB4, antibodies
compared to AB, peptide vaccination [10,33]. Schultz et al. utilized both an AB4, gene vaccine
together with low doses of preaggregated Ap,4, peptide and showed the presence of detectable
titers of anti-ApB4, within 2 weeks of vaccination [34]. They emphasize that the combination
of gene and peptide vaccine results in higher anti-AB4, antibody titers than gene vaccination
alone and that it results in a Th2 type of response.

One advantage to the A4, gene vaccines is that despite their lower antibody titers, they reduce
amyloid deposits, probably because DNA vaccination constantly induces the antibody
production at a low titer for a long period. High anti-ApB,4, antibody titer levels may not be
necessary for effective treatment with DNA vaccines [28].

Both mouse and monkey vaccinated with the gene-gun mediated AB4, gene vaccine produced
anti-Ap4, antibody of the Th2 type. The Th2 immune responses in mice and monkey induced
by AB4» gene vaccination indicate the possibility of inducing a beneficial immune response in
humans.

These new data indicate that gene-gun delivered AB42 gene vaccination may be an effective
immunization method as therapy for AD.

4. Materials and methods

4.1. Mice

APPswe/PS1AE9 transgenic mice (7-10 week) carrying the human APP-Swedish and
PS1AE9 mutations were purchased from Jackson Laboratory (Bar Harbor, ME). (Stock
Number 004462). These animals develop numerous amyloid plaque deposits in the cerebral
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cortex and hippocampus by 6 months of age. The use of animals for this study was approved
by the UT Southwestern Medical Center Animal Care and Use committee.

4.2. DNA constructs

The open reading frame of the human ApB,4, gene was chemically synthesized with optimal
codons for mammalian cell expression and cloned into the genetic immunization vector as
described previously. The AB,4, gene was fused with the leader sequence of adenovirus E3
gene. An endosome-lysosome targeting sequence was fused downstream of the AB4, gene
sequence. The synthetic SP72 promoter was used to drive the AB4» gene expression [15].

4.3. Gene-gun delivered vaccination

Immunizations of mice with plasmid DNA encoding the AP, gene were performed on mouse
ear skin using the Helios gene gun (Bio-Rad, Hercules, CA) as described. Briefly, DNA-coated
gold particles were prepared by binding DNA to the gold beads (1-2 pm, Ferro Electronic
Material Systems, South Plainfield, NJ) in 1 pg DNA per 1.2 mg gold beads in the presence
of spermidine and calcium chloride. The DNA-gold was attached to the insides of the plastic
tube and cut into 1.3 cm long as a bullet. The DNA coated gold particles were bombarded to
both sides of the mouse ears using the gene gun with a helium gas pressure of 400 psi. The
APPswe-PS1AE9 transgenic mice were immunized with the AB4o gene starting from the age
of 3 months with 3 immunizations at one week intervals and then once per month for a total
of 15 immunizations. Each vaccination consisted of 2 ug DNA injected with the gene gun into
the skin of both external ears for a total of 4 ug DNA for each vaccination point. The control
group received control plasmid pSP72-luc with the same immunization schedule. The blood
was drawn from the tail vein and the serum sample was used to monitor the humoral immune
responses. Similarly in a rhesus monkey, 8 g of DNA binding to the gold-particles (2—4 pm)
was injected into the abdominal skin monthly for 4 months using the gene gun. The pre-immune
bleed and final bleed serum (2 weeks after final vaccine) was tested for anti-AB,4, antibodies
by ELISA and western blot.

4.4. Immunoassay for detection of anti-Af antibodies in serum

Enzyme-linked immunoabsorbent assay (ELISA) and western blot were used to monitor the
humoral immune responses. Mouse blood was collected from the tail vein and serum was used
to detect AB peptide by ELISA with a 96-microwell plate coated with GST-A B proteins. The
antibody titer was determined by the dilution that produced a two fold higher OD value than
the control sera. For western blot analysis, the GST-AP proteins in bacteria extract were
separated by SDS-PAGE, blotted onto a PVDF membrane, incubated with the sera at 1:2000
dilutions. Antibodies against Ap were detected using peroxidase-conjugated affinity-purified
rabbit antiserum against mouse Ig. The blot was scanned and the reaction bands were measured
and quantified in pixels. To determine the specific isotypes, sera from mice were diluted 1:200
and tested by ELISA as described above. To detect mouse 1gG1, 1gG2a, we used anti-mouse
Ig-subclass-specific rabbit antibody (Pierce, Rockford, IL), followed by incubation with
horseradish peroxidase (HRP)-conjugated Donkey anti-rabbit 1gG. ELISA analysis was also
applied for detection of AP, specific antibodies produced in an AB4o gene vaccinated monkey.
A panel of isotype-specific antibodies against monkey IgM and IgA (Rockland Inc,
Bilbertsville, PA), and human IgG1, IgG2 and 1gG4 (Sigma, St. Louis, MO) was used to
discriminate the antibody isotype specific for ABgp.

4.5. Enzyme-linked immunospot assay (ELISPOT)

The cell-mediated immune response was evaluated by ELISPOT for detection of spleen T cells
to release interferon-gamma (IFN) and interleukin 4 (IL4) during in vitro re-stimulation with
AP peptide [29]. Briefly, 96-well poly-vinylidene diflouride (PVDF) plates (Millipore,
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Bedford, MA) were coated with antibody to IFNs-y or to IL4. The spleen T cells (Ficoll-Paque
separated) were cultured at 2x10° per well in 0.2 ml of medium for re-stimulation with AB
peptides ABg_18, AB1-40, AP1_42 (10 pg/ml) and Concanavalin A (5 pg/ml). After 48 h of
incubation at 37 °C, the plates were washed, incubated with biotinylated anti-mouse IFNy or
anti-1L4, and further with Streptavidin-AP conjugate. After three washes, spots were developed
with one-step NBT/BCIP reagent. Spots were counted using a stereomicroscope.

4.6. Enzyme linked-immunosorbent assay for detection of AB4» peptide in brain tissues and

in plasma

The frontal lobe of brain was homogenized in 10 volumes of quinidine-tris buffer (5.0 M
guanidine HCI/50 mM Tris—HCI, pH 8.0). The homogenates were mixed for 3to 4 h at RT
and stored at —80 °C until measured [30,31]. The A4 in heparinized plasma was also extracted
with 10 volumes of quinidine-tris buffer. For the sandwich ELISA assay, we used the
Biosource Immunoassay kit for detection of AB4o. In brief, 96-well plates were coated with
monoclonal antibody that specifically recognize the N-terminal of AB4. Samples, including
standards of known human AB,_42 content and brain or plasma extractions are added into these
wells, followed by the addition of a rabbit antibody specific for the Ap1_42 sequence of human
ApB. Bound rabbit antibody is detected by the use of an HRP labeled anti-rabbit antibody. The
absorbance of the plates was read at 450 nm with a spectrophotometer.

4.7. Immunofluorescence and immunohistochemical staining and quantitation of amyloid
burden and glia cells

For APy, plaque detection, brain samples from APPswe/PS1AE9 transgenic mice were
dissected, fixed with 4% paraformaldehyde for 4 h. The fixed samples were further processed
for paraffin embedding and cut into 4 pm sections. After being deparaffinize, the section was
treated with formic acid for 10 min, and further washed and blocked with blocking buffer (1%
BSA in PBS with 0.05% Tween 20) for 30 min. After incubation with rabbit polyclonal anti
serum (A1916, Sigma, St. Louis, MO) against Af4» (1:100, overnight at 4 °C), the sections
were washed three times for 5 min each in PBS, again treated with blocking buffer (5 min, RT)
before reacting with the secondary antibody (Alexa488-labeled goat anti-rabbit IgG, 1:400, 1
h, RT). Finally, the preparations were washed three times in PBS and observed with an
Olympus fluorescence microscope. The amyloid plaque burden was analyzed with Image J
(NIH) software and representative image areas of 3 (cortex) or 2 (hippocampus) sections were
measured to calculate the percentage of plaque area against the total observed area. Anti-glial
fibrillary acidic protein (GFAP) antibody (G9269, Sigma) was used in 1:200 dilution for
immuno-labeling in paraffin sections. The rabbit IgG was further detected with goat anti-rabbit
Alexa488 conjugated. The fluorescence was observed and quantity was measured by Image J
software. In immunohistochemical staining, the same primary antibodies were applied to the
paraffin sections and immunolabeling was detected by peroxidase labeled secondary antibody
followed by development for 5 min with Metal-Enhanced diaminobenzidien substrate (Pierce,
Rockford, IL).

4.8. Statistical analysis

Quantitative measurement of AB,o, and GFAP burden in paraffin-embedded brain sections for
control and treatment groups were compared using a two-way analysis of variance (ANOVA)
with one between and one within factors and Student’s independent samples t-test.
Assumptions for the statistical tests (normality and equal variances) were examined; when
violated, non-equal variance formulas were used. SPSS was used to perform all analyses and
the p value for statistical significance was set to 0.05.
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Fig. 1.

Gene vaccine vector SP72-E3L-AP42-ET. DNA sequence encoding E3 leader, AB4» and
endosome targeting gene were cloned in frame in EcoRI and Xbal restriction sites under the
control of SP72 mammalian promoter gene. AMPr, ampicillin resistant gene. ColE1 Ori, E.
coli DNA replication origin. PolyA, polyadenylation signal sequence.
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Fig. 2.

Immune response against human A4y in APPswe/PS1AE9 mice immunized with AP, gene
vaccine. A: Anti-ABg, antibody titers in Tg mice assayed by ELISA. The sera were from AD
Tg mice 15 months old (N=6) and the titer of the antibody was measured against the GST fused
APy, peptide. A titer of 1:10,000 was obtained. B: The same serum (1:2000) tested by western
blot analysis recognizes epitopes of ARy, in treated mice. The sera from control mice are
negative by western blot. Lanes 1, 2 and 3 were loaded with GST fused to AB1_15, AB17_2g OF
ABog_g2, respectively. Serum was then added from one control or treated mouse. All other
control and treated mice showed similar results.
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Fig. 3.

Immune responses against Af4, in APPswe/PS1AE9 mice immunized with the human AB4o
gene vaccine. A: Isotyping of anti-ApB4, antibodies after 15 immunizations with (pSP72-E3L-
AP4o-ET). The sera were diluted 1:200 for detection of 1gG1, 1gG2a subclasses of anti-AB4o
antibodies. All vaccinated mice exhibited high levels of IgG1 antibody 1gG1: t(5.00)=—6.33
p=0.001; IgG2a: t(5.02)=—1.43, p=0.212. (N=6). B and C: ELISPOT assays for IFNy (B) and
for IL4 (C). ANOVA for Fig. 3B: The average number of IFNy cells was significantly higher
in the presence versus of the absence of A4, peptide (32.54+6.96 versus 17.33+3.60, [F(1,10)
=69.61, p<0.001]). ANOVA for Fig. 3C: The combination of group (vaccinated versus control)
and A4z peptide (present versus absence) was significant [F(1,10)=19.76, p<0.001] with the
present AB,, peptide-vaccinated group significantly higher than the other 3 combinations. The
average change in the number of IL4 T cells from AB,4, peptide present to absent changed more
than 27 in the vaccinated group compared to a change in only 6.5 in the control group. In
addition, the average number of IL4 T cells was significantly higher in the presence of AB42
peptide (45.0+23.03) compared to the absence of AB,, peptide (28.17+14.52; (F(1,10)=52.45,
p<0.001).
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Fig. 4.

Levels of AB4, peptide in forebrain (A) and in plasma (B) of APPswe/PS1AE9 mice 15 months
of age treated with the AB4o gene vaccine (T) (n=6) or control plasmid (C) (n=6). (A) The
forebrain was extracted with 5 M quinidine and AB4, was quantified by the sandwich ELISA
kit. There is a 41% reduction of total ARy, in forebrain of vaccinated mice compared to the
controls (t(6.73)=3.98, p=0.006). (B) Similarly plasma samples were extracted with quinidine—
tris buffer and APy, levels were measured by sandwich ELISA. The A4 levels in plasma
increased 43% in vaccinated mice compared to controls (t(8)=—3.15, p=0.014).
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Fig. 5.

AP4o deposition in frontal cortex and in hippocampus of APPswe/PS1AE9 mice at 15 months
of age immunized with the AB4» gene vaccine. Paraffin-embedded sections were labeled with
anti-Af4, antibody followed by Alexa488-labeled second antibody (A). Shown are
representative images at 10x magnification (6 control and 6 treated mice) of cerebral cortex
and hippocampus. Plagues of increased size and number are seen in control compared to the
treated mice. Amyloid angiopathy was a minor component of the total immunofluorescence
and was seen in both control and treated brains. B, Representative sections for amyloid plaques
using an immunohistochemical staining method from brains of AB4» gene vaccinated and
control mice (two treated, T1, T2, and two control, C1, C2). Similar results can be seen as
compared with the immunofluorescence method in both cortex and hippocampus. Scale
bar=100 pm.
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ApB4o plaque burden (A and B, obtained by total plaque area in total measured area) and total
density (C and D, obtained by total plaque area multiplied by mean intensity). (A) AB4» burden
in cortex was 8.6% (6.3—-10.9%) in control and 4.4% (3.2-6.2%) in vaccinated mice. (B)
AP4o burden in hippocampus was 4.6% (3.8-5.6%) in control and 2.4% (2.3-2.7%) in
vaccinated mice. (C) The total density in cortex was 4.9+0.9x106 pixels (density units) in
control and 2.4+0.5x106 pixels (density units) in treated mice with a 51% plaque reduction (t
(10)=5.02, p=0.001). (D) In hippocampus, a 52% plaque reduction was obtained with total
density in control of 2.5+0.4x106 pixels (density units) and 1.2+0.2x10° pixels (density units)
in treated mice (t(10)=7.77, p<0.001).
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Hippcampus

Fig. 7.

Fluorescence immunolabeling of glial fibrillary acidic protein in AD Tg mice. GFAP positive
cells were stained with anti-GFAP antibody followed by G488 labeled second antibody. Shown
are representative images of control (A, D) and treated (B, E) in cortex (A, B) and hippocampus
(D, E). Shown in C and F are mean density (n=6) in cortex and in hippocampus of control and
treated mice. C: The control mice had significantly higher cortical GFAP means than the treated
mice (t(6.23)=3.44, p=0.013); control mice had significantly higher hippocampal GFAP means
than the treated mice (t(10)=2.31, p=0.044). F: The control mice had significantly higher
hippocampal GFAP means than the treated mice (t(10)=2.309, p=0.044). Representative image
areas from 3 sections of cortex and representative image areas from 2 sections of hippocampus
were analyzed from each control and treated mouse. G. Representative sections for GFAP
staining using an immunohistochemical staining method from brains of AB4, gene vaccinated
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(Tr) and control mice (Co). Similar results can be seen as with the immunofluorescence method
in both cortex and hippocampus. Scale bar=100 pm.
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AP4; specific antibody from a vaccinated monkey. The monkey was vaccinated with the gene-
gun delivered AB4, gene vaccine in 4 monthly intervals with 8 ug DNA and the serum obtained
2 months after the last immunization. A. ELISA assay shows anti-Afy; titer reached 1:20,000.
B. Western blot shows A4, gene vaccination in monkey elicits a specific antibody response
against AB4o and also against AB1_16, AB17_28, and ABog_40. Lanes 1, 2 and 3 were loaded with
GST fused to AB1_16, AP17-28 Or AP2g_sp, respectively. Preimmune or immune serum was

then added.
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