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of Alzheimer’s Disease Neuropathology

ZHONGMIN XIANG,* LAP HO,* SHRISHAILAM YEMUL,* ZHONG ZHAO,*
PATRICK POMPL,* KEVIN KELLEY,† ANJU DANG,‡ WEIPING QING,* DAVID TEPLOW,§

AND GIULIO MARIA PASINETTI*1

*Neuroinflammation Research Laboratories, Department of Psychiatry, and
†Department of Molecular, Cellular and Developmental Biology, Mount Sinai School of Medicine,

One Gustave L. Levy Place, New York, NY 10029
‡Ciphergen Biosystems, Inc., 6611 Dumbarton Circle, Fremont, CA 94555

§Center for Neurologic Diseases, Brigham and Woman’s Hospital,
77 Avenue Louis Pasteur, Boston, MA 02115

Several epidemiologic studies have reported that cyclooxygenase (COX) inhibitors prevent/delay the onset of
Alzheimer’s disease (AD). Recent experimental studies suggest that these compounds can also diminish amyloid-
β (Aβ) neuropathology in rodent models of AD. To explore the relationship of COX expression to Aβ neuro-
pathology, we crossed mice expressing both mutant amyloid precursor protein [K670N/M671L (APPswe)] and
mutant PS1 (A246E) with mice expressing human COX-2 selectively in neurons. We show here that human
COX-2 expression in APPswe/PS1/COX-2 mice induces potentiation of brain parenchymal amyloid plaque forma-
tion and a greater than twofold increase in prostaglandin E2 production, at 24 months of age. This increased
amyloid plaque formation coincided with a preferential elevation of Aβ1–40 and Aβ1–42 with no change in total
amyloid precursor protein (APP) expression/content in the brain. Collectively these data suggest that COX-2
influences APP processing and promotes amyloidosis in the brain.

COX-2 Amyloid Alzheimer’s disease Inflammation

A large number of epidemiological studies have indi- (14,21) have shown that COX-2 expression is ele-
vated in the AD brain and that this elevation is corre-cated that the use of nonsteroidal anti-inflammatory

drugs (NSAIDs) may prevent or delay the clinical fea- lated with the severity of brain amyloid plaque pa-
thology (6). Additionally, a recent study found atures of Alzheimer’s disease (AD) (7,13,18). However,

recent therapeutic studies with both cyclooxygenase preferential loss of hippocampal COX-2-immunopos-
itive neurons in the brains of AD patients suffering(COX)-inhibiting NSAIDs and steroids could not con-

firm this epidemiological evidence (9). severe dementia (22). However, recent evidence indi-
cates that nonselective COX, rather than selectiveThe pharmacological activity of NSAIDs is gener-

ally attributed to the inhibition of COX, a rate-limit- COX-2-specific inhibitors, has been found to influ-
ence amyloid precursor protein (APP) processing.ing enzyme necessary for the production of prosta-

glandins (PGs). COX-2 is the inducible form of COX Thus, the characterization of COX activities in the
brain and their role in AD amyloidosis is receiving aand is involved in inflammatory responses but also

neuronal functions (22). We (5,6,15) and others great deal of attention.
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To investigate the potential that chronic elevation hCOX-2 mice, and its absence in the APPswe/PS1 and
nontransgenic mice, were verified by in situ hybrid-of COX-2 expression could influence amyloid neuro-

pathology in vivo, we backcrossed mice selectively ization in all histologically examined animals (see
Results). The mice were maintained on a 12-h light/expressing (h)COX-2 in neurons (10) with APPswe/

PS1-A246E transgenics (20) to generate APPswe/PS1- dark cycle and had access to food and water ad libi-
tum. The animal care was in accordance with institu-A246E/hCOX-2 mice. We found that the expression

of hCOX-2 in the brains of APPswe/PS1-A246E ani- tional guidelines.
Mice were sacrificed by decapitation and brainsmals induced selective alterations to APP processing

that significantly promoted brain amyloid deposition stored at −70°C. One hemisphere was coronally cryo-
sliced (10 µm) and tissue sections were mounted onat 24 months of age. Collectively, these studies sug-

gest that elevated expression of COX-2 in the brain slides and stored in airtight boxes at −70°C until use.
The remaining hemisphere was used for biochemicalmay potentiate amyloid neuropathology through mech-

anisms that involve COX-2-mediated APP processing. studies.

Amyloid Plaque Burden
MATERIALS AND METHODS

For consistency, all the brain tissues sections to be
examined were mounted on the same slide and care-Transgenic Mice
fully matched with respect to their brain caudal-to-

Transgenic mice expressing both the human APPswe rostral distribution (bregma 1.10 through −0.22;
(K670N/M671L) mutation (line C3-3) and human

Mouse Brain Atlas, Paxinos). For detection of 6E10-
PS1-A246E mutation (line N-5) under the regulation

immunopositive amyloid-β (Aβ) plaques, mounted
of a prion protein promoter were derived from

frozen tissue sections were postfixed in 4% paraform-
founder mice provided by Dr. David Borchelt (1),

aldehyde in phosphate-buffered saline (PBS, pH 7.4)
and mice expressing hCOX-2 under the regulation of

(30 min, room temperature), incubated in 70% formic
a neuron-specific enolase (NSE) promoter (10,20)

acid for 10 min, rinsed in PBS, and incubated in 0.3%
were described previously. Heterozygous hCOX-2

(v/v) H2O2 for 15 min to block endogenous peroxi-
transgenic mice (line NHC #32) were crossed with

dase activity. After permeabilization with 0.2% (v/v)
heterozygous APPswe/PS1 (A246E) transgenics to

Triton X-100 in PBS, the sections were incubated
generate triple transgenic APPswe/PS1/hCOX-2 and

overnight with biotinylated mouse anti-Aβ (6E10; di-
double transgenic APPswe/PS1 littermates. To mini-

lution 1:500; Senetek, St. Louis, MO) at 4°C in the
mize the influence of a hybrid background, APPswe/ presence of 1% (v/v) rabbit serum to reduce nonspe-
PS1 and/or hCOX-2 transgenics were maintained in

cific antibody binding. Immunostaining was visual-
the same C57Bl/6J × C3H (B6C3) strain. Character-

ized using Vectastain ABC and DAB kits (Vector
ization of APPswe/PS1-A246E offspring generated in

Laboratories, Burlingame, CA).
our transgenic mouse facility indicates that this trans-

Congo Red birefringent positive Aβ plaques were
genic mouse model develops maximal amyloid

detected using a Congo Red kit (Sigma, St. Louis,
plaque pathology by 24 months of age (Xiang and

MO). Briefly, tissue sections adjacent to those used
Pasinetti, unpublished observation; David Borchelt,

for 6E10 immunostaining were postfixed in 4% para-
personal communication). For example, in control

formaldehyde in PBS, incubated in alkaline-saturated
studies we found that the plaque pathology in the

alcoholic sodium chloride solution, and then stained
brain of 12-month-old APPswe/PS1-A246E is charac-

in 0.2% (w/v) Congo Red. Birefringence was viewed
terized by deposition of approximately of 20–40

under crossed polarized light.
6E10-immunopositive plaques per brain tissue sec-
tion, which increased significantly by 24 months of

Image Analysis
age to approximately 80–120 plaques per section
(Xiang, unpublished observation). Because of our Amyloid burden from each mouse was quantified

on five serial sections encompassing the cingulate/previous evidence suggesting that hCOX-2 may not
influence the initiation amyloidosis in the brain of retrosplenial cortex, sampled at equal spatial intervals

in the caudal-to-rostral orientation. All slides were12-month-old APPswe/PS1-A246E (20), we examined
the brain of 24-month-old male heterozygous APPswe/ processed at the same time. Microscopic images were

digitized using a high-resolution charge-coupled-PS1/hCOX-2 or APPswe/PS1 transgenic mice. All off-
spring from mating APPswe/PS1 and hCOX-2 were device (CCD) Sony (Tokyo, Japan) camera and quan-

tified using Bioquant computer-assisted densitometrysorted by genotype for the individual transgenes
(1,10). In addition, the presence of proper hCOX-2 (Biometrics, Inc., Nashville, TN). Using this system

for quantification of amyloid area burden (6E10 im-mRNA expression in the brains of the APPswe/PS1/
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munoreactivity and Congo Red plaque staining), the washes (0.1× SSC, 60°C, 1 h), and dehydration,
slides were exposed to X-ray film for 24 h.user first adjusts an optical density threshold to “tag”

the stained area of interest while defining the total
Western Analysis of Total APP and hCOX-2area of the field to be assessed. Once the area to be

measured and the threshold are set, the computer Samples were homogenized in ice-cold buffer
measures the total area (in pixels) and the area above [Tris, pH 7.2, containing 1% NP-40, 0.5% sodium
threshold. The direct output of this analysis is the deoxycholate, 0.1% lauryl sulfate, 100 µg/ml PMSF,
stained area expressed as area fraction (stained area/ 3 µg/ml aprotinin, 3 µg/ml pepstatin A, 15 µg/ml
total image area) or the number of stained objects. In propionyl-leupeptin, and 600 µg/ml Perfabloc (Boeh-
our study, Congo Red-positive plaques were defined ringer Mannheim)], boiled, centrifuged, and electro-
as those objects displaying gold-green birefringence phoresed on 10% SDS-PAGE as previously described.
under crossed polarized light and having their perim- Proteins were transferred to nylon Transblot membrane
eter located outside one radius from the center of any (Biorad) and immunoreacted with a monoclonal mouse
other adjacent Congo Red-positive plaque structure. anti-hAPP antibody (Chemicon, 22C11) (1:5000 dilu-
The examiner performing these measurements was tion, 3 h, RT) in Superblock blocking solution (Pierce).
blind to the mouse groups examined. Immunoreactivities were visualized autoradiographi-

cally using chemiluminescence detection kit (Super-
COX-2 mRNA Expression Signal, Pierce). β-Actin immunoreactivity (anti-β-

actin, Sigma, 1:5000) controlled for selectivity of
COX-2 (endogenous mouse or exogenous trans- changes.

gene) mRNA expression in the brain was assayed
with the RiboQuantTM Multiprobe RNase Protection Surface-Enhanced Laser Desorption/Ionization
Assay System (BD PharMingen, San Diego, CA), as (SELDI) Mass Spectrometry
previously described (12). Briefly, mouse- or human-

Further analysis of APP processing from brain tis-specific COX-2 anti-sense cRNAs (10) and a set of
sues was performed by SELDI time-of-flight (TOF)control housekeeping cRNA probes [L32 and glycer-
mass spectrometry using the ProteinChip systemaldehyde phosphate dehydrogenase (GAPDH)] were
(Ciphergen Biosystems, Palo Alto, CA). Guanidine32P labeled by in vitro transcription from linearized
fractions were subjected to antibody capture usingcDNAs, as previously described (12). The hCOX-2
anti-Aβ antibodies (6E10; Senetek, Maryland Highs,cDNA probe was derived from the original hCOX-2
MO), and the mass of each Aβ species was deter-construct used to generate the hCOX-2 transgenics
mined using the ProteinChip reader (2). The 6E10and does not cross-hybridize with endogenous mouse
mouse monoclonal antibody was added to the spotsCOX-2 mRNA (10). The radioactively labeled RNase
(0.5 µg/spot) of the preactivated SELDI ProteinChipprotection fragments were quantified using a Storm
and incubated in a humidified chamber for 2 h at860 Phosphor Screen Scanner with the ImageQuant
room temperature. After washing with 10 mM PBSsoftware package (Molecular Dynamics, Sunnyvale,
(pH 8.0), the array was incubated with a blockingCA). Each RNase protection assay analysis was con-
solution containing 0.5 M ethanolamine in PBS (pHducted with 10 µg total RNA, according to A260 val-
8.0) for 15 min. The arrays were washed three timesues. COX-2 mRNA (mouse or exogenous transgene)
with PBS containing 0.5% (v/v) Triton X-100 (PBST)expression was normalized to that of the constitu-
for 5 min and then the samples (0.3 µg total protein)tively expressed GAPDH mRNA. Normalization of
incubated on each spot of the array for 1 h at roomCOX-2 mRNA signals to L32 did not change the out-
temperature (10 µl spot; 1:10 dilution). After remov-come of the results (not shown).
ing the samples, the spots were washed three timesFor in situ hybridization detection of hCOX-2
with PBST and twice with distilled water. The spotstransgene expression, frozen sections were postfixed
were dried and treated with a solution containingin 4% paraformaldehyde in PBS (30 min, room tem-
0.2% (w/v) α-cyano-4-hdroxy cinnamic acid in 0.25%perature) and rinsed in PBS. Tissue sections were
(v/v) trifluoroacetic acid and 50% acetonitrile. Massthen rinsed in 0.1 M triethanolamine (TEA, pH 8.0),
identification was made on each spot by 100 aver-incubated in acetic anhydride (AA, 0.25% v/v in
aged shots in the Ciphergen SELDI Protein BiologyTEA, 10 min), and rinsed in TEA and PBS. Follow-
System (PBSII).ing AA treatment, tissue sections were hybridized

with [35S]cRNA probes (0.3 µg/ml, 2 × 109 dpm µg−1)
Prostaglandin (PG) E2 Assaytranscribed from a linearized hCOX-2 cDNA. Fol-

lowing hybridization (overnight, 55°C), digestion with PGE2 concentration was measured by enzyme-
linked immunoassay kit (Cayman, Ann Harbor, MI)RNase A (20 µg/ml, 37°C, 0.5 h), high-stringency
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according to the manufacturer’s instructions. Briefly, The hCOX-2 expression in the brain of 24-month-
old APPswe/PS1/hCOX-2 transgenics resulted in afrozen cerebral cortex was homogenized in 0.1 M

PBS (containing 1 mM EDTA and 10 µM indometh- greater than twofold increase in 6E10-immunoposi-
tive Aβ plaque area (p < 0.05) (Figs. 1A, 2A, B) andacin), mixed with an equal volume of ethanol, and

centrifuged. The supernatant fluid was then diluted Congo Red (β-pleated sheet) birefringence-positive
plaque area (p < 0.01) (Figs. 1B, 2C, D) in the cingu-with 50 mM acetate buffer and purified through an

affinity column (Cayman). After the column was late cortex, compared with age-matched APPswe/PS1
control littermates. Similarly, hCOX-2 expressionequilibrated with column buffer (0.1 M PBS, 7.7 mM

NaN3, 0.5 M NaCl), the supernatant was eluted, evap- also increased the number of 6E10-immunopositive
Aβ plaques throughout the entire cortex (p < 0.03)orated, redissolved in enzyme-linked immunoassay

buffer, and applied to 96-well plates precoated with (Fig. 1C).
goat anti-mouse IgG and incubated with PGE2 mono-
clonal antibody (and recovery tracer), for 18 h at 4°C. hCOX-2 Expression Alters Aβ Processing
After the incubation with PGE2 monoclonal antibody, in the Brain
the plate was rinsed fives times with washing buffer
and developed using Ellman’s reagent for 1 h at room To determine if hCOX-2 influences APP processing

in the brains of 24-month-old APPswe/PS1/hCOX-2temperature. The PGE2-specific concentration was
determined spectrophotometrically and calculated by transgenics, we analyzed brain Aβ by SELDI affinity

mass spectrometry using 6E10 antibody chips. Theplotting the standard % B/B0 (% sample or standard
bound/maximum bound) versus PGE2 concentration major detectable species of Aβ peptides in the guani-

dine-extracted fraction from the cortices of 24-(in pg/ml).
month-old APPswe/PS1 transgenic mice were Aβ1–40

and Aβ1–42 [mass (Da)/charge 4,327.7 and 4,511.9, re-Statistical Analysis
spectively] (Fig. 3A, a). A peak was also detected

For each in vivo study three to five mice per group having a mass consistent with that of Aβ1–38 [mass
were studied. All values are expressed as means ± (Da)/charge 4,128.6] (Fig. 3A, a). When we ex-
SEM. Differences among means were analyzed using amined the cerebral cortex fractions derived from
analysis of variance (ANOVA). Newman-Keuls post APPswe/PS1/hCOX-2 transgenics (Fig. 3A, b), we
hoc tests were used to assess pairwise comparisons found a marked elevation in the amount of the Aβ1–40,
between means. Differences between means were Aβ1–42, and also Aβ1–38 species. We also note that
analyzed using a two-tailed Student t-test. In all anal- SELDI analysis of the APPswe/PS1/hCOX-2 group
yses, the null hypothesis was rejected at the 0.05 identified additional peaks with molecular mass (Da)/
level. The statistical analyses were performed using charge of 4,072.8 and 4,228.3, consistent with those
Prism Stat program (GraphPad Software, Inc., San of Aβ1–37 and Aβ1–39, respectively (Fig. 3A, b). This
Diego, CA). evidence suggests that hCOX-2 in the brain could

promote Aβ generation and possibly amyloid burden
by influencing APP processing preferentially toward

RESULTS the formation of Aβ1–40 and Aβ1–42, among others. We
note that in control SELDI affinity mass spectrometryEffects of hCOX-2 Expression on Amyloid
studies, chips lacking the 6E10 anti-Aβ capture anti-Plaque Burden in the Cerebral Cortex
body yielded negative results (not shown).of APPswe/PS1/COX-2 Transgenic Mice

In control studies, we further investigated the pos-
sibility that the select elevation of total cortical AβAmyloid burden was determined in the brains of

24-month-old APPswe/PS1/hCOX-2 mice and APPswe/ peptides was associated with altered APP expression.
Western blot immunodetection of APP using thePS1 littermates using a combination of 6E10 immu-

nostaining or Congo Red birefringence and quantifi- 22C11 anti-APP antibody (N-terminal) revealed no
detectable changes in the expression levels of totalcation by high-power microscopy and image analysis.

Consistent with previous studies of the brains of 12- full-length APP in the brains of APPswe/PS1/hCOX-2
animals relative to age-matched APPswe/PS1 trans-month-old APPswe/PS1 transgenics (20), 6E10 Aβ de-

posits were most evident in the gray matter of the genics (Fig. 3B). Consistent with Western blot evi-
dence, no detectable difference was found in corticalcingulate cortex of the APPswe/PS1 transgenics. For

this reason, we continued to survey the influence of APP (endogenous mouse or exogenous human) mRNA
expression in APPswe/PS1/hCOX-2 transgenics relativehCOX-2 expression on amyloid burden in the cingu-

late cortex of 24-month-old APPswe/PS1/hCOX-2 rel- to age-matched APPswe/PS1 transgenic control litter-
mates (not shown).ative to APPswe/PS1 control littermates.
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Figure 1. Analysis of 6E10-immunopositive Aβ plaque burden (A) and Congo Red birefringent-positive Aβ plaque burden (B) in the
cingulate cortex, and numerical Congo Red plaque density through the entire cortex (C) of 24-month-old APPswe/PS1/hCOX-2 mice, com-
pared with APPswe/PS1 control littermates. In (A, B) the results are expressed as percent of the control group (APPswe/PS1 littermates) and
are shown as mean ± SEM. In (C), total number of plaque throughout the entire cortex is shown as mean ± SEM.

hCOX-2 Expression in the Brain Promotes PGE2 only in the brain of APPswe/PS1/hCOX-2 triple trans-
genics (Fig. 4A, B).Synthesis Without Influencing Endogenous Mouse

COX-2 Expression The proper hCOX-2 mRNA transgene expression
in the brain gray matter of the APPswe/PS1/hCOX-2

In control studies, the overall levels of endogenous
mice, and its absence in APPswe/PS1 mice, was con-

mouse and exogenous human COX-2 expression in
firmed by in situ hybridization (Fig. 4C).

the brains of 24-month-old APPswe/PS1/hCOX-2 and
PGE2 levels in the cortex of 24-month-old mice

APPswe/PS1 mice were examined by RNase protection
were examined to determine whether hCOX-2 ex-

assay. The normalized (vs. GAPDH) levels of mouse
pression in the brain of APPswe/PS1/hCOX-2 trans-

cortical COX-2 mRNA expression did not differ be-
genics resulted in functional COX-2 activity. We

tween APPswe/PS1/hCOX-2 and APPswe/PS1 trans-
found a greater than twofold elevation of cortical

genics (Fig. 4A, B). However, as expected, the
PGE2 activity in 24-month-old APPswe/PS1/hCOX-2

hCOX-2 mRNA transgene expression was detectable
mice (p < 0.05) compared with APPswe/PS1 control
littermates (Fig. 4D).

DISCUSSION

In this study we found that the neuronal expression
of hCOX-2 in APPswe/PS1/hCOX-2 transgenic mice
promoted amyloid plaque formation in the brain. This
finding correlated with alterations in APP processing
that primarily favored the generation of Aβ1–40 and
Aβ1–42, among others. This marked facilitation of am-
yloidosis—coincidental to altered APP processing
and not APP production–provides the first in vivo
evidence supporting the hypothesis that COX-2 im-
pacts AD-type amyloid neuropathology. In agreement
with previous descriptive evidence suggesting that
COX-2 expression correlates with AD neuropathol-
ogy (14,15,21), these studies suggest that COX-2 ac-
tivities are a significant risk factor influencing amy-
loidosis in the brain.

Previous evidence has indicated that COX-derived
Figure 2. Representative low-power magnification of 6E10-immu-

PGE2 can induce APP transcription in cultured glialnopositive Aβ plaques in the cingulate cortex of a APPswe/PS1 (A)
and a APPswe/PS1/hCOX-2 transgenic (B), respectively. In (C) and cells (11). As expected, we found a robust increase
(D), low-power magnification of Congo Red-positive Aβ plaque in PGE2 content in the brains of APPswe/PS1/hCOX-2
in the cerebral cortex of a APPswe/PS1 and a APPswe/PS1/hCOX-2

mice, and in light of these studies explored themouse displaying birefringence under polarized light. Scale bars
(A, B): 100 µm; (C, D): 30 µm. steady-state levels of APP expression in our trans-
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production, as has been previously reported in certain
cases of hereditary amyloidosis (4). As well, we can-
not rule out the possibility that COX-2 may directly
or indirectly stimulate the activity of peptidases in the
brain that convert Aβ1–42 into shorter Aβ species, such
as Aβ1–40 or Aβ1–38 (among others), leading to altered
Aβ peptide ratios. Using an adenovirus transfection
system in ongoing in vitro studies, we are currently
exploring the possibility that COX-2 (and/or COX-1)
expression may influence APP processing by prefer-
entially affecting α- and/or β-, γ-secretase(s) activities.

Genetic evidence supports a causative role for

Figure 3. (A) Representative SELDI-TOF mass spectra for Aβ
peptides in cortical extracts showing greater than twofold elevation
of Aβ1–38, Aβ1–40, and Aβ1–42 in 24-month-old APPswe/PS1/hCOX-2
transgenic mice (b) compared with age matched APPswe/PS1 con-
trol littermates (a). In (c, d, e) synthetic Aβ1–38, Aβ1–40, and Aβ1–42

standards (Sigma, St. Louis, MO) were used to identify Aβ spe-
cies. (B) No detectable change in total cortical APP content in 24-
month-old APPswe/PS1/hCOX-2 transgenics compared with age-
matched APPswe/PS1 control littermates, assessed by Western blot
analysis with 22C11 APP antibody. The results are shown as
mean ± SEM. (B, inset) Representative Western blot result: lane 1,
APPswe/PS1; lane 2, APPswe/PS1/hCOX-2.

genics. We found no alterations in total APP protein
content (and mRNA expression, not shown) in the
brain of 24-month-old APPswe/PS1/hCOX-2 mice
compared with APPswe/PS1 transgenics. These data
suggest that no relationship exists between PGE2 and

Figure 4. (A) Endogenous mouse COX-2 mRNA expression insteady-state levels of APP expression in our in vivo
24-month-old APPswe/PS1/hCOX-2 compared with age-matched

model. However, although COX-2 may not be the APPswe/PS1 control littermates, as assessed by RNase protection
assay. (B) Representative autoradiographic signal of protectedproximate cause of increased amyloid burden, through
RNA bands: lane 1, mouse (m)COX-2, human (h)COX-2, anddirect modulation of APP expression, it is possible
GAPDH mRNA expression in APPswe/PS1 compared with APPswe/that COX-2 may contribute to abnormal APP pro- PS1/hCOX-2 (lane 2). (C) Autoradiographic signal for exogenous
hCOX-2 mRNA expression assessed by in situ hybridization. (D)cessing by altering the association of γ-secretase(s)
Increased cortical PGE2 levels in 24-month-old APPswe/PS1/hCOX-with APP. Alternatively, COX-2, through mecha-
2 compared with age-matched APPswe/PS1 control littermates. In

nisms involving PG generation, might also inhibit α- (D) values are expressed as percent of the PGE2 values in APPswe/
PS1 and are shown as mean ± SEM.secretase cleavage and result in increased Aβ peptide
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Aβ1–42 in AD pathogenesis, but at the same time pro- bly by influencing APP processing. This evidence is
of particular interest in view of a recent study byvides less evidence to support a pathogenic role for

Aβ1–40. However, a significant amount of Aβ1–40 and Weggen et al. (19), reporting that NSAIDs may influ-
ence γ-secretase cleavage of APP and subsequentlyamino-terminally truncated forms of Aβ ending at

Aβ40 are deposited in senile plaques in the typical alter the generation of Aβ peptides. This study also
found that the NSAID sulindac sulfide possessedlate-onset AD brain (3). Moreover, in several studies

Aβ1–40 appears to be the most abundant peptide in anti-amyloidogenic activities, and suggested that this
novel feature functioned independent of COX activ-cerebrovascular amyloid deposits (3). While beyond

the scope of these studies, we found that COX-2 did ity, in vitro. However, the data reported here suggest
that, both in vivo and in vitro, COX-2 has direct rele-not promote perivascular amyloid deposition (Xiang

and Pasinetti, unpublished observation) but preferen- vance to APP processing and/or generation of Aβ
peptides. Thus, it may be the case that chronic eleva-tially promoted parenchymal amyloid deposition in

the brain of 24-month-old APPswe/PS1/hCOX-2 trans- tions of COX-2 as found in the AD brain may have
significant relevance to APP processing. While itgenics. Thus, given the fact that the major difference

in Aβ1–40 and Aβ1–42 species is the rates of fibril for- may be the case that selective COX-2 inhibitors are
not the ideal NSAID for the treatment of AD clinicalmation, it is likely that both of these isoforms can

contribute to amyloidosis, but that Aβ1–40 deposition dementia (16), our study suggests that COX-2-inhib-
iting activities of NSAIDs may indeed have preven-may require additional factors to promote its deposi-

tion. Additional factors that may promote Aβ1–40 fibril tive therapeutic relevance to amyloidogenesis.
Collectively, this study strongly suggests thatformation are through COX-2-mediated proinflam-

matory activities in the brain. For example, there is COX-2 is an important pathogenic effector in AD.
We propose that further investigation of these find-evidence that COX-2 may promote the expression of

the complement component C1qB (17), known for its ings will yield significant insight to the current under-
standing of the role NSAIDS in AD, and lead both torole in promoting Aβ aggregation (8). Moreover, our

findings showing promotion of amyloidogenesis by new strategies for the treatment of AD and to modifi-
cations in current treatment paradigms.hCOX-2 at 24 months of age (but not 12 months)

(13) suggest that existing amyloid deposits may be
necessary to elicit COX-2-mediated potentiation of
amyloid deposition. ACKNOWLEDGMENTS
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