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Background: A phase 2a, double-blind, placebo-
controlled, multicenter study was conducted to evalu-
ate safety, tolerability, and pilot efficacy of immuniza-
tion with �-amyloid(1-42) in patients with Alzheimer
disease. Six immunizations were planned but were halted
when meningoencephalitis was recognized as an ad-
verse event in 6% of immunized patients.

Objective: To identify biomarkers associated with both
the risk of meningoencephalitis and antibody respon-
siveness.

Participants: One hundred fifty-three patients with mild
to moderate Alzheimer disease.

Main Outcome Measure: Association between re-
sponse to immunization and preimmunization expres-
sion levels of 8239 messenger RNA transcripts expressed

in peripheral blood mononuclear cells that had been col-
lected at the screening visit.

Results: Expression patterns of genes related to apop-
tosis and proinflammatory pathways (tumor necrosis fac-
tor pathway in particular) were identified as biomarkers
of risk for the development of meningoencephalitis. Ex-
pression patterns of genes related to protein synthesis,
protein trafficking, DNA recombination, DNA repair, and
cell cycle were strongly associated with IgG response to
immunization.

Conclusions: Candidate biomarkers associated with
risk of immunotherapy-related meningoencephalitis
were detected in blood collected prior to treatment. In
addition, a different set of biomarkers were identified
that were associated with the desired outcome of IgG
response.

Arch Neurol . 2005;62:1531-1536

A LZHEIMER DISEASE (AD) IS

characterized histopatho-
logically by the accumula-
tion of amyloid plaques and
neurofibrillary tangles and

by increased rates of neuronal atrophy. The
recognition of the �-amyloid(1-42) (A�[1-

42]) section of amyloid as a major compo-
nent of AD-related plaques1 led to an ex-
perimental therapeutic strategy against AD
based on clearance of plaque by antibod-
ies directed against A�(1-42).2 Studies in trans-
genic mouse models of cognitive impair-
ment and amyloid plaque–associated central
nervous system pathologic features dem-
onstrated that immunization with AN1792,
a peptide immunogen consisting of A�(1-

42), resulted in improved cognitive func-
tion and inhibited the development of AD-
like amyloid plaques, neuritic dystrophy,
and gliosis in mice.3-8 Following a phase 1
study,9 a phase 2a, double-blind, placebo-

controlled, multicenter study was con-
ducted to evaluate safety, tolerability, and
pilot efficacy of AN1792 (A�[1-42]) admin-
istered with QS-21 adjuvant in 372 pa-
tients with mild to moderate AD.10-12 Six im-
munizations were planned but were halted
when meningoencephalitis was recog-
nized as an adverse event associated with
AN1792 immunization. At the time that

treatments were discontinued, the maxi-
mum number of immunizations received
was 3 (by 24 patients), with the majority
of patients (274) having received 2 immu-
nizations. Ultimately, 18 of 300 immu-
nized patients developed meningoencepha-
litis.10 Cognitive function, anti-AN1792
antibody, cerebrospinal fluid tau, and ce-
rebrospinal fluid A�(1-42) were assessed un-
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til the conclusion of the original follow-up period. Anti-
body responders were compared with placebo controls.
Two tests, levels of cerebrospinal fluid tau and a neuro-
psychological test battery, gave results favoring patients
with a positive IgG titer.12 To investigate whether candi-
date biomarkers of response to immunotherapy could be
identified, we used the Affymetrix GeneChip microarray
technology (Affymetrix, Santa Clara, Calif)to conduct an
exploratory pharmacogenomic study of the preimmuni-
zation gene expression patterns of the peripheral blood
mononuclear cells of enrolled patients.

METHODS

PARTICIPANTS

A total of 372 patients with mild to moderate AD, 172 from
the United States and 200 from the European Union, were en-
rolled in the clinical trial. Participation in the exploratory bio-
marker portion of the study was optional and offered only to
patients enrolled in the United States. Informed consent was
obtained after approval by local institutional review boards.
Figure 1 shows the total number of patients in the clinical
study and the number who consented to inclusion.

ANALYTICAL SAMPLE
AND GENE EXPRESSION ASSAY

The analytical sample consisted of peripheral blood mono-
nuclear cells collected prior to immunization. Blood was drawn
at the screening visit (9-54 days prior to first immunization)
and shipped overnight to the Wyeth Clinical Pharmaco-
genomic Laboratory in Andover, Mass, and the peripheral blood
mononuclear cells were purified as previously described.13 RNA
was purified (from 2�106 cells) using QIA shredders (Qia-
gen, Santa Clarita, Calif )and Qiagen Rneasy mini-kits. La-
beled targets for oligonucleotide arrays were prepared using 50
ng of total RNA. Biotinylation of complementary RNA (gener-
ated using 2-cycle in vitro transcription amplification) was hy-
bridized to the HG-U133A Affymetrix GeneChip Array, and gene
expression levels were measured by conversion of signal val-
ues to normalized scaled frequency in parts per million.14 Data
for 9678 probe sets that were called “present” and with a fre-
quency of 10 ppm or more in at least 1 of the samples were

subjected to the statistical analyses described in the next sub-
section, while probe sets that did not meet these criteria were
excluded. The search for gene expression levels associated with
response to treatment was conducted by comparing preimmu-
nization expression levels between subjects grouped accord-
ing to postimmunization response. The postimmunization re-
sponse groups analyzed are shown in Table 1.

STATISTICAL ANALYSES

The clinical and gene expression databases were merged using
SAS (SAS Institute Inc, Cary, NC), and SAS was used for all
analyses unless otherwise noted. Analyses were conducted to
identify factors that might have confounding effects on asso-
ciations between gene expression levels and response group.
Preimmunization differential blood cell counts and sex were 2
such factors investigated, and both were identified as signifi-
cant covariates. For each gene, analysis of covariance was used
to test for associations of expression level with these 2 covar-
iates. To avoid potential confounding with IgG response or the
development of meningoencephalitis, these analyses of covari-
ance were run using data only from IgG nonresponders (n=70),
none of whom developed meningoencephalitis. Log-
transformed expression was modeled as a function of sex and
the monocyte-lymphocyte ratio. Genes were considered sig-
nificantly associated with either sex or the monocyte-
lymphocyte ratio if the unadjusted F test P value for the re-
spective effect was �.01. Sequences significantly associated with
monocyte proportion and/or sex were removed from further
analysis, leaving 8239 sequences subject to further analyses.

The binary logistic regression model was used to deter-
mine if significant associations existed between preimmuni-
zation gene expression levels and postimmunization devel-
opment of meningoencephalitis. Raw P values were adjusted
for multiplicity according to the false discovery rate (FDR)
procedure.15,16 Treated patients who developed meningoen-
cephalitis (n=5) were compared with those who did not
(n=118). The small number of patients with meningoen-
cephalitis resulted in large odds ratios with some exceed-
ingly wide confidence intervals (2-3 orders of magnitude).
Genes were selected as significantly associated with menin-
goencephalitis if: (1) the odds ratio between patients with
and without meningoencephalitis was more than 3-fold; (2)
the FDR was less than 0.1 (a criterion that allows for an esti-
mated 10% false-positive identifications); (3) the odds ratio
for association with meningoencephalitis was at least 2 times
greater than that for association with IgG response; (4) the
FDR for association with IgG response was greater than 0.1;
and (5) the odds ratio for IgG response was less than 2-fold.
Because of the observation that some genes with IgG odds
ratios between 2- and 4-fold had meningoencephalitis odds

372 Patients Randomly Assigned 
to Study Treatment
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153 Samples
Analyzed
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Figure 1. Participants in exploratory biomarker study. QC indicates quality
control.

Table 1. Study Samples

Patients Total Male Female

No. of treated patients 123 66 57
Treated IgG responders 25 12 13
Treated IgG partial responders 28 12 16
Treated IgG nonresponders 70 42 28
Treated IgM responders 40 20 20
Treated IgM partial responders 39 18 21
Treated IgM nonresponders 44 28 16
Patients with meningoencephalitis 5 0 5
No. of placebo patients 30 12 18
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ratios up to hundreds-fold higher, exceptions to the last cri-
terion were made when the odds ratio for association with
meningoencephalitis was at least 5-fold greater than that for
association with IgG response.

The ability of 2-gene models to discriminate between pa-
tients with and without meningoencephalitis was evaluated by
logistic regression models using as covariates all 287 661 pair-
wise combinations of genes meeting the criteria for associa-
tion with meningoencephalitis. For each model, the sum of the
absolute values of the log odds for all subjects was used
as a ranking measure to indicate the strength of the discrimi-
nation. To estimate the FDRs for this large set of logistic
regression models, the full analysis was rerun 200 times with
random permutation of the class labels to compute resampling-
based FDRs.17 These analyses were carried out using R statis-
tics package 1.9.1.18

Antibody response groups were defined prior to unblind-
ing, with group assignments based on postimmunization
maximum titer. For both IgM and IgG, the groups were:
(1) nonresponders (titer �200 mg/dL); (2) partial responders
(200 mg/dL �titer �2200 mg/dL); and (3) responders (titer
�2200 mg/dL). The proportional odds logistic regression
model was used to determine if significant associations ex-
isted between preimmunization gene expression levels and
postimmunization response groups. The analyses were run
both using all immunized subjects in the study (n=123) and
with the exclusion of the 5 patients with meningoencephalitis
(n=118). (All US patients with meningoencephalitis were IgG
responders, and all but 1 European Union patient with me-
ningoencephalitis were IgG responders.) Genes were selected
as significantly associated with response if: (1) the FDR for as-
sociation with response was less than 0.1; (2) the odds ratio
between responders and others (nonresponders plus partial
responders) was greater than 3-fold; (3) the FDR from the
analysis excluding patients with meningoencephalitis was less
than half the FDR for association with meningoencephalitis;
and (4) the FDR for association with meningoencephalitis
was greater than 0.1.

RESULTS

The selection criteria for association with meningoen-
cephalitis were met by a large number of sequences
(from 689 genes and 8 unmapped sequences), signify-
ing a robust association between the preimmunization
gene expression profile and the postimmunization
development of meningoencephalitis. Among meningo-
encephalitis-associated genes were many well-
established to mediate proinflammatory processes. To
track the biological pathways and functional networks
implicated in the development of meningoencephalitis
by the association with this large gene set, the 689 genes
were analyzed using Ingenuity Pathway Analysis (Sum-
mer ’04 Release V1)19 to reveal relationships between them.
The pathway analysis application assigned 56% of the 690
genes to High-Level Functions and Global Canonical Path-
ways. Significantly represented were genes related to the
control of cell death (apoptosis) and proinflammatory im-
mune response or to the downstream functions of con-
trol of cell proliferation and protein synthesis. For ex-
ample, Ingenuity Pathway Analysis reports P values as
ranging from 7.46E-7 to 4.65E-2 for the significance of
the link between meningoencephalitis-associated genes
and cell-death categories. (P value in this context is a mea-
sure for how likely it is that genes associated with the

risk of meningoencephalitis participate in cell death. The
range of P values reflects the significance at different lev-
els of different levels of cell-death pathways). Genes re-
lated to tumor necrosis factor/Fas, transforming growth
factor-�, and p53 pathways, central pathways in the con-
trol of the immune system, were highly represented among
genes related to the control of cell death. A selection of
tumor necrosis factor–associated genes and the strength
of their association with meningoencephalitis is pre-
sented in Table 2.

Many of the meningoencephalitis associations iden-
tified were so significant that they exceeded by orders of
magnitude the selection criteria. For example, the gene
most significantly associated (FDR=0.004; unadjusted
P value=5.07E-7; odds ratio, 230) was STAT1, a critical
gene in a proinflammatory signal transduction path-
way. Patients with high levels of STAT1 in peripheral
blood mononuclear cells prior to immunization had an
extremely elevated risk of developing postimmuniza-
tion meningoencephalitis. Low expression levels of
HEAB were strongly associated with risk of meningo-
encephalitis (odds ratio, 1.0E-4). For 364 of the menin-
goencephalitis-associated sequences, the odds ratios
(for elevated risk) were greater than 10-fold (greater
than 10 or less than 0.1). Data for all meningoencepha-
litis-associated sequences are available on request.

A pairwise combination logistic regression approach
was designed to find the 2-gene combination that best
distinguished all patients with meningoencephalitis
from those without. For 18 of the top 20 2-gene combi-
nations, one of the genes in the 2-gene combination was
either NPukP68 or STAT1, indicating that these 2 genes

Table 2. Selection of Genes Associated
With Both Meningoencephalitis and TNF,
a Proinflammatory Pathway Involved in Cell Death

Gene
Name

Odds Ratio for
Association With

Meningoencephalitis

FDR for
Association With

Meningoencephalitis

Associated
Cell Death
Pathways

STAT1 230.42 0.004 TNF, p53, TCR
STAT5A 56.76 0.065 TNF
CSE1L 38.75 0.019 TNF
TRIAD3 29.38 0.039 TNF
PDCD11 15.89 0.036 TNF
IL19 8.87 0.031 TNF
STAT3 6.61 0.011 TNF, p53, TGF
MMP7 6.51 0.044 TNF
NFKB1 5.35 0.066 TNF
TNFSF10 4.81 0.042 TNF
IL12B 4.43 0.067 TNF, TGF
KRAS2 3.71 0.050 TNF
TNF 3.47 0.067 TNF
TNFRSF9 3.45 0.060 TNF
LRDD 0.22 0.049 TNF, p53
ZFP36 0.11 0.029 TNF
PTEN 0.11 0.048 TNF, p53
PIK3CA 0.08 0.056 TNF, TGF
TRAF6 0.05 0.062 TNF
PRKRA 0.03 0.022 TNF

Abbreviations: FDR, false discovery rate; TCR, T-cell receptor;
TGF, transforming growth factor; TNF, tumor necrosis factor.
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are the best candidate biomarkers of risk. Figure 2A
shows the expression levels of each patient for the top-
ranked 2-gene combination, and Figure 2B shows the
expression levels for the top-ranked 2-gene combina-
tion containing STAT1 (ranked third overall).

No genes met the criteria for significant association
of preimmunization gene expression levels and
postimmunization IgM titer. In contrast, there were
366 sequences (from 318 genes and 17 unmapped
sequences) that met the selection criteria for association
with IgG response. Ingenuity Pathway Analyses indicate
that, prior to immunization, the ability to mount an IgG
response is highly correlated with expression patterns
of genes directly involved in protein synthesis. The P
value for the link between this biological function and
the ability to mount an IgG response ranges from
9.53E-12 to 1.29E-3. We identified an additional 22
sequences that directly participate in translational
events, signifying that the link is even more significant
than reported by Ingenuity. Remarkably, all of the
genes associated with IgG response and directly
involved in the protein synthetic machinery were
expressed at higher levels in IgG responders. In con-
trast, almost half (42%) of the IgG response–associated
genes involved in other functions were expressed at
lower levels in IgG responders. Functions significantly
represented among these genes were transcription, cell
cycle, cell growth and proliferation, protein trafficking,
DNA repair and recombination, and protein synthesis
regulation. The selection of the most significant of these
genes is presented in Table 3. As was also true for the
list of genes associated with meningoencephalitis, for
many genes associated with IgG response, the signifi-
cance of the association (as measured by FDR)
exceeded the selection criteria by orders of magnitude
with the most significant FDR observed = 0.0003
(P value unadjusted for multiplicity=1.07E-7).

The FDRs and odds ratios for all 366 genes associ-
ated with IgG response are available on request.

COMMENT

We conducted a prospective search for biomarkers asso-
ciated with responsiveness to A�(1-42) immunotherapy us-
ing as the analytical sample RNA purified from the blood
of 153 patients who had donated samples for this search
at the screening visit. The initial objective was to identify
biomarkers that might aid in the preidentification of pa-
tients most likely to mount antibody responses in any sub-
sequent studies. On the development of treatment-related
meningoencephalitis,10 the gene expression profiles of 118
treated meningoencephalitis nondevelopers were com-
pared with those of 5 meningoencephalitis developers.
Highly significant differences were identified, and these dif-
ferences constitute a list of candidate biomarkers for iden-
tifying those most at risk for immunotherapy involving ac-
tive immunization with A�(1-42). Since the biomarkers
reported herein were identified using gene expression data
from all 5 patients with meningoencephalitis and have not
been confirmed in an independent study, they must be re-
garded as candidate or potential biomarkers. The poten-
tial utility of biomarkers that, prior to the initiation of treat-
ment, could identify those most at risk is underscored by
data indicating some treatment-related cognitive improve-
ment in IgG titer–positive patients.12 The cognitive ben-
efit was observed despite the suspension of treatment at a
time when no patient had received more than 3 of the 6
planned immunizations.

Functional annotation of genes associated with menin-
goencephalitis indicates a preponderance of genes in path-
ways critical to the control of the immune system in par-
ticular. Those who developed meningoencephalitis had,
prior to immunization, detectable perturbations in path-
ways controlling the tumor necrosis factor and other pro-
inflammatory and apoptotic cascades. Perturbations favor-
ing both antiapoptotic and proapoptotic activities were
detected, suggesting perhaps compensatory activation to
counteract deleterious effects of perturbation in apopto-
sis. This is also supported by perturbations in a large num-
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Figure 2. Optimal biomarkers selected on the basis of distinguishing all patients with meningoencephalitis. A, The expression levels of each patient for the
top-ranked 2-gene combination. B, The expression levels for the top-ranked 2-gene combination containing STAT1 (ranked third overall). TPR indicates
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ber of cell-cycle, growth, and proliferation genes. The STAT
gene family plays central roles in proinflammatory cyto-
kine activation and in apoptotic cascades. Perturbation in
the expression levels of STAT1, STAT3 (3� untranslated re-
gion), and STAT5 was found to be a highly significant risk
factor for meningoencephalitis. High expression of a vari-
ety of other genes involved in proinflammatory cascades,
such as IL-9, IL-19, IL-25, IL-27R, and CD80, was also as-
sociated with meningoencephalitis. Elevated expression of
the coding region and decreased expression of the 3� un-
translated region of STAT5B were associated with devel-
opment of meningoencephalitis, suggesting that variants
of STAT5B messenger RNA make different contributions
to the “meningoencephalitis-prone” gene expression pat-
tern. Despite these perturbations in proinflammatory path-
ways, no preimmunization clinical symptoms have been
identified that distinguished patients who developed me-
ningoencephalitis. The data presented in this report there-
fore suggest that both proinflammatory and compensa-
tory pathways were in functional balance but, for this small
minority of patients, immunization with A�(1-42) dis-
turbed that balance.

In addition to meningoencephalitis-associated candi-
date biomarkers, we also report on the identification of bio-
markers related to antibody responsiveness. These biomar-
kers of risk of nonresponsiveness were sought because of
the relatively low incidence (48%) of responsiveness ob-
served in the phase 1 study.9 No associations that met the
prespecified criteria were identified between IgM re-
sponse and preimmune gene expression levels. However,
the expression levels of 318 genes differed between IgG re-

sponders and nonresponders. Expression levels in partial
responders (200 mg/dL �titer �2200 mg/dL) were con-
sistently intermediate between nonresponders (titer �200
mg/dL) and responders (titer �2200 mg/dL), a trend that
provides additional evidence of the relationship between
preimmunization gene expression pattern and IgG re-
sponse.

In marked contrast to the meningoencephalitis-
associated biomarkers, the vast majority of genes asso-
ciated with IgG response are related to biological func-
tions that are not specific to the immune system. Rather,
the functions most significantly associated with IgG re-
sponsiveness—protein synthesis and trafficking, RNA pro-
cessing, and cellular assembly and organization—are re-
quired for all biological functions. These findings raise
the possibility that antibody nonresponsiveness in this
study was related to a generalized decline, and since the
participants were elderly, the role of age is an obvious
factor to consider. The incidence of responsiveness to im-
munization is known to decline with age.20-24 Therefore,
the relatively low incidence of responsiveness in this study
may be related to age, which, the data reported herein
suggest, may in turn be related to a decline in the ro-
bustness of biological systems in general. We are cur-
rently investigating the influence of age on the expres-
sion levels of genes directly involved in protein synthesis
and the other functions identified in this study as asso-
ciated with IgG response.

We have shown that candidate biomarkers associ-
ated with response to A�(1-42)-based immunotherapy are
detectable in blood prior to initiation of therapy. It would

Table 3. A Selection of Genes Showing Significant Association
Between Preimmunization Gene Expression Levels and Postimmunization IgG Titer

Ingenuity Category Gene FDR Odds Ratio Gene Description

Protein synthesis RPL26 0.0012 3.342 Ribosomal protein L26
DNA repair, replication,

recombination
XRCC2 0.0017 3.033 X-ray repair complementing defective repair in Chinese

hamster cells 2, role in VDJ recombination
Protein synthesis PTBP1 0.002 0.112 Polypyrimidine tract binding protein
Protein synthesis MAP2K3 0.0028 0.195 Mitogen-activated protein kinase kinase 3
Protein trafficking XPO7 0.0029 0.298 Exportin 7
Protein synthesis RPL4 0.0029 6.268 Ribosomal protein L4
Protein synthesis RPL7 0.0034 6.044 Ribosomal protein L7
Protein synthesis RPL14 0.0037 5.31 Ribosomal protein L14
DNA repair, replication,

recombination
CDKN1A 0.004 0.325 Cyclin-dependent kinase inhibitor 1A (p21, Cip1)

DNA repair, replication,
recombination

CDK2 0.004 4.295 Cyclin-dependent kinase 2

DNA repair, replication,
recombination

PAFAH1B1 0.0045 0.212 Platelet-activating factor acetylhydrolase � subunit

Protein synthesis PABPC4 0.0046 0.256 Poly(A) binding protein, cytoplasmic 4 (inducible form)
Protein trafficking ARF3 0.0048 0.32 ADP-ribosylation factor 3
Protein synthesis RPL6 0.0055 8.309 Ribosomal protein L6
DNA repair, replication,

recombination
PRKDC 0.0063 3.401 Protein kinase, DNA-activated, catalytic polypeptide,

role in VDJ recombination
Protein synthesis RELA 0.007 0.26 V-rel reticuloendotheliosis viral oncogene homologue A,

nuclear factor of � light polypeptide gene enhancer
in B cells 3, p65 (avian)

Protein synthesis SSB 0.008 3.664 Sjögren syndrome antigen B
Protein trafficking MCM3AP 0.0092 3.627 MCM3 minichromosome maintenance deficient

3 associated protein

Abbreviations: ADP, adenosine diphosphate; FDR, false discovery rate; VDJ, variable diversity joining.
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be of clear utility to the AD research community if these
findings can be converted to a validated test for preiden-
tification both of those most at risk and those most likely
to give a favorable response.

Accepted for Publication: August 1, 2005.
Correspondence: Margot O’Toole, PhD, Wyeth Re-
search, 35 Cambridge Park Drive, Cambridge, MA 02140
(motoole@wyeth.com).
Author Contributions: Study concept and design: O’Toole,
Slonim, Zuberek, Black, and Dorner. Acquisition of data:
O’Toole, Ellis, Legault, Zuberek, and Black. Analysis and
interpretation of data: O’Toole, Janszen, Slonim, Reddy,
Ellis, Hill, Whitley, Mounts, Immermann, and Black.
Drafting of the manuscript: O’Toole, Janszen, Slonim, Ellis,
Legault, and Immermann. Critical revision of the manu-
script for important intellectual content: O’Toole, Janszen,
Slonim, Reddy, Ellis, Hill, Whitley, Mounts, Zuberek,
Immermann, Black, and Dorner. Statistical analysis:
Janszen, Slonim, Hill, Whitley, and Immermann. Admin-
istrative, technical, and material support: Slonim, Reddy,
Ellis, Legault, Whitley, and Zuberek. Study supervision:
O’Toole, Ellis, Legault, Black, and Dorner.
Financial Disclosure: All authors were employed by
Wyeth Research during the conduct of the study, and all
but Dr Slonim and Ms Zuberek are currently employed
by Wyeth. All authors hold stock and/or stock options
in Wyeth.
Funding/Support: This study was cosponsored by Elan
Pharmaceuticals Inc, South San Francisco, Calif, and
Wyeth Research.
Additional Information: Drs Black and Dorner are co–
senior authors.
Acknowledgment: We gratefully acknowledge the pa-
tients who donated samples and the AN1792 (QS-21) 201
study teams at the clinical sites, at Elan, and at Wyeth.
We acknowledge Martin Koller, MD, MHP, of Elan for
his critical role in the design of the clinical study; Sue
Griffith, MD, PhD, Michael Grundman, MD, MPH, Peter
Seubert, MD, and Enchi Liu, PhD (Elan) and Lisa Fenno,
BS, Lynne Hallman, BS, and Charles Gombar, PhD,
(Wyeth) for critical contributions to the AN1792 201
study team; Lisa Jenkins, PhD, (Wyeth) and Charles Davis,
PhD, and Elizabeth Ludington, PhD (Elan) for review of
statistical analysis; Judy Oestreicher, MS, Christine Hall,
BS, and Amy Camarda, BS (Wyeth) for sample prepara-
tion and verification; and John Eldridge, PhD, Michael
Pride, PhD, Michael Hagen, PhD, Steve Projan, PhD,
Steven Howes, PhD, Orest Hurko, MD, Charles Richard,
MD, PhD, and Ronald Salerno, PhD (Wyeth) for sup-
port and helpful discussion and review.

REFERENCES

1. Iwatsubo T, Odaka A, Suzuki N, Mizusawa H, Nukina N, Ihara Y. Visualization of
A beta 42(43) and A beta 40 in senile plaques with end-specific A beta mono-

clonals: evidence that an initially deposited species is A beta 42(43). Neuron.
1994;13:45-53.

2. Schenk DB, Seubert P, Lieberburg I, Wallace J. Beta-peptide immunization: a pos-
sible new treatment for Alzheimer disease. Arch Neurol. 2000;57:934-936.

3. Schenk D, Barbour R, Dunn W, et al. Immunization with amyloid-beta attenu-
ates Alzheimer-disease-like pathology in the PDAPP mouse. Nature. 1999;
400:173-177.

4. Games D, Adams D, Alessandrini R, et al. Alzheimer-type neuropathology in trans-
genic mice overexpressing V717F beta-amyloid precursor protein. Nature. 1995;
373:523-527.

5. Morgan D, Diamond DM, Gottschall PE, et al. A beta peptide vaccination pre-
vents memory loss in an animal model of Alzheimer’s disease. Nature. 2000;
408:982-985.

6. Janus C, Pearson J, McLaurin J, et al. A beta peptide immunization reduces be-
havioural impairment and plaques in a model of Alzheimer’s disease. Nature. 2000;
408:979-982.

7. DeMattos RB, Bales KR, Cummins DJ, Dodart JC, Paul SM, Holtzman DM.
Peripheral anti-A beta antibody alters CNS and plasma A beta clearance and de-
creases brain A beta burden in a mouse model of Alzheimer’s disease. Proc Natl
Acad Sci U S A. 2001;98:8850-8855.

8. McLaurin J, Cecal R, Kierstead ME, et al. Therapeutically effective antibodies against
amyloid-beta peptide target amyloid-beta residues 4-10 and inhibit cytotoxicity
and fibrillogenesis. Nat Med. 2002;8:1263-1269.

9. Bayer AJ, Bullock R, Jones RW, et al. Evaluation of the safety and immunoge-
nicity of synthetic Abeta42 (AN1792) in patients with AD. Neurology. 2005;
64:94-101.

10. Orgogozo JM, Gilman S, Dartigues JF, et al. Subacute meningoencephalitis in a
subset of patients with AD after Abeta42 immunization. Neurology. 2003;61:
46-54.

11. Fox NC, Black RS, Gilman S, et al. Effects of Abeta immunization (AN1792) on
MRI measures of cerebral volume in Alzheimer disease. Neurology. 2005;64:
1563-1572.

12. Gilman S, Koller M, Black RS, et al. Clinical effects of Abeta immunization (AN1792)
in patients with AD in an interrupted trial. Neurology. 2005;64:1553-1562.

13. Burczynski ME, Twine NC, Dukart G, et al. Transcriptional profiles in peripheral
blood mononuclear cells prognostic of clinical outcomes in patients with ad-
vanced renal cell carcinoma. Clin Cancer Res. 2005;11:1181-1189.

14. Hill AA, Brown EL, Whitley MZ, Tucker-Kellogg G, Hunter CP, Slonim DK. Evalu-
ation of normalization procedures for oligonucleotide array data based on spiked
cRNA controls. Genome Biol. 2001;2:RESEARCH0055 Epub. Available at: http://
genomebiology.com/2001/2/12/RESEARCH/0055.

15. Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical and
powerful approach to multiple testing. J R Stat Soc. 1995;B57:289-300.

16. Xiao Y, Segal MR, Rabert D, et al. Assessment of differential gene expression in
human peripheral nerve injury. BMC Genomics. 2002;3:28.

17. Reiner A, Yekutieli D, Benjamini Y. Identifying differentially expressed genes us-
ing false discovery rate controlling procedures. Bioinformatics. 2003;19:
368-375.

18. The R Project for Statistical Computing. Available at: www.R-project.org. Ac-
cessed December 22, 2004.

19. Ingenuity Web site. Available at: www.Ingenuity.com. Accessed March 3, 2005.
20. Salvador J, Adams EJ, Ershler R, Ershler WB. Future challenges in analysis and

treatment of human immune senescence. Immunol Allergy Clin North Am. 2003;
23:133-148.

21. Arreaza EE, Gibbons JJ Jr, Siskind GW, Weksler ME. Lower antibody response
to tetanus toxoid associated with higher auto-anti-idiotypic antibody in old com-
pared with young humans. Clin Exp Immunol. 1993;92:169-173.

22. Looney RJ, Hasan MS, Coffin D, et al. Hepatitis B immunization of healthy el-
derly adults: relationship between naive CD4� T cells and primary immune re-
sponse and evaluation of GM-CSF as an adjuvant. J Clin Immunol. 2001;21:
30-36.

23. Rey M. [How to manage vaccinations in the elderly traveler] [in French]. Bull Soc
Pathol Exot. 1997;90:245-252.

24. Westmoreland D, Player V, Heap DC, Hammond A. Immunization against hepa-
titis B—what can we expect? results of a survey of antibody response to immu-
nization in persons ’at risk’ of occupational exposure to hepatitis B. Epidemiol
Infect. 1990;104:499-509.

(REPRINTED) ARCH NEUROL / VOL 62, OCT 2005 WWW.ARCHNEUROL.COM
1536

©2005 American Medical Association. All rights reserved.
 at Wyeth, on October 13, 2005 www.archneurol.comDownloaded from 

http://www.archneurol.com

