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ABSTRACT: 3-Amyloid (Ap), a peptide generated by proteolytic cleavage of the amyloid precursor protein
(APP), is a major constituent of the neuritic plaques associated with Alzheimer’'s disease (AD). Up-
regulation ofo-secretase, which can hydrolyzes Adetween Ly¥ and Led’, has been proposed as a
potential therapeutic strategy in the treatment of AD. Previously, we identified two light-chain antibody
fragments that had proteolytic activity againsfi,Aone with a-secretase-like activity and one with
carboxypeptidase-like activity. Here we show that cleavage ##0Aby hk14, the light-chain antibody
having carboxypeptidase-like activity, alters aggregation ffaidd neutralizes any cytotoxic effects of

the peptide. Cleavage of40 with ¢23.5, the light chain having-secretase-like cleavage, substantially
increases the aggregation rate ¢f;,Aowever, it does not show any corresponding increase in cytotoxicity.
The increase in aggregation resulting from hydrolysis by c23.5 can be attributed to the decreased solubility
of the hydrolyzed products relative to the parei4@, primarily the A317—40 fragment. These results
demonstrate that antibody fragment mediated proteolytic degradatioi gleptide can be a potential
therapeutic route to control/Aaggregation and toxicity in vivo. Our results also suggest that increasing
o-secretase activity as a therapeutic route must be approached with some caution because this can lead
to a substantial increase in aggregation.

The critical pathological features of Alzheimer’s disease rates by inhibiting activity of eithef- or y-secretases, en-
(AD)! are extracellular amyloid plaques and intracellular zymes that produce thepeptide (4), inhibiting aggrega-
neurofibrillary tangles¥). The primary proteinaceous com- tion of AS with 5-sheet blockers or competitive inhibitors
ponent of the amyloid plaques fisamyloid (A3) (2). Aj is (22, 23), increasing clearance offAfrom the cerebral cortex
generated from the amyloid precursor protein (APP) by (24—27) or from blood @8, 29), and addition of chelators
proteolytical cleavage at both tife andy-secretase sites, to bind metal ions such as €uand Zi#+ that promote
resulting in the 40/42 amino acid products).(A8 will aggregationZ1, 30. Additional therapeutic approaches in-
readily aggregate under appropriate conditidd)s &nd the clude using antiinflammatory agents to decrease the inflam-
different aggregate morphologies that can form, including matory response in the brai8k 32) and using statins to
soluble oligomers, filaments, and insoluble fibrils, have all reduce cholesterol level8%, 34).
been reported to play varying roles in the neurotoxic
properties of the peptided,(4—7, 8—13). A is a normal
product of cell metabolism and is found in the plasma and
cerebrospinal fluid (CSF) of healthy humandl), In patients
with AD however, numerous different mechanisms have been
proposed to explain why Aforms toxic aggregates including
increased production or decreased clearance f(¥5),
increased oxidative stresd§ 17), free-radical formation
(18), disrupted calcium homeostasi®), cytoskeletal anoma-
lies (20), and metal ionsZ1). Therapeutic strategies aimed
at reducing A8 aggregation include decreasing Aroduction

Three different proteases are involved in the processing
of Ap from APP: j-secretase cleavage forms the amino
terminal portion of A8, y-secretase cleavage forms the
carboxyl terminal portion, and-secretase cleaves between
what would be residues Lys16 and Leul7 ¢f,Arecluding
formation of full-length AG. Considerable effort has been
placed to develop therapeutics that inhibit processing of APP
by - andy-secretases or to enhance processingisgcre-
tase 85). Inhibiting eitherf- or y-secretase activity has been
shown to effectively decreasefAevels in vivo 36—38).
Cleavage of APP bw-secretase prevents formation of A
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or increasinga-secretase activity therefore represents a aggregation in the samples prepared as described above was
potentially promising route to mitigate amyloid formation followed by periodically removing 3@L aliquots from the
(42, 43). samples and adding them to 2 mL of/1 ThT solu-
Degradation of /& by various proteolytic enzymes has tion (50 mM phosphate buffer, pH 6.5). Fluorescence
been studied as a potential therapeutic route for treating AD. intensity was monitored at an excitation wavelength of 450
Neprilysin (endopeptidase 24.11) was shown to degrade bothnm and an emission wavelength of 482 nm using a Shimadzu
monomeric and oligomeric forms of A0 (44—46), while PF-3501PC spectrofluorophotometer (Shimadzu, Japan) us-
insulin-degrading enzyme (IDE}{—49) and endothelin- ing 1 cm light-path quartz cuvettes with both excitation and
converting enzyme (ECE) have also been reported to degradémission bandwidths of 5 nm. Each reading represented the
Ap (50, 51). We have previously shown that two different average of three values determined by a time scan after
antibody light chains can hydrolyzefA ¢23.5, which has ~ subtracting out the fluorescence contribution from free ThT.
a-secretase-like activity, and hk14, which has carboxypep- The ThT readings obtained from samples ¢f incubated
tidase-like activity cleaving sequentially from the carboxyl With either hk14 or c23.5 represent the reading obtained on
terminus of A3 (52). Here we extend these results to the sample minus the reading obtained on a control sample
demonstrate that these proteolytic light-chain antibody frag- containing only the scFv. All ThT fluorescence experiments
ments can alter Aaggrega’[ion and Cytotoxicity_ Proteo|ytic were performed in triplicate. The standard errors Rnvalues
cleavage of /8 by the hk14 antibody fragment inhibitspA were analyzed with Excel and MINITAB software, respec-
aggregation and eliminates toxicity toward SH-SY5Y cells, tively.
while cleavage by c23.5 increases the rate and extenfiof A Atomic Force Microscope (AFM) ImagingPS-modified
aggregation but without any corresponding increase in micawas used as an AFM substrdig, 66). Five microliters

toxicity. of sample was placed on APS-mica for 2 min, rinsed with
deionized water, and dried with argon as described earlier
EXPERIMENTAL PROCEDURES (55, 56). Images were acquired in air using a MultiMode

. . SPM NanoScope Il system (Veeco/Digital Instruments,

Antibody Sampled.yophilized samples of the ¢23.5 and  ganta Barbara, CA) operating in tapping mode using silicon
hk14 light-chain antibodies purified from bacterial periplas- probes (Olympus). An analysis of the raw AFM data of the
mic.extr_acts were generously provided by Dr. Sudhir Paul acquired images was performed using Femtoscan software.
(University of Texas-Health Science Center, Houston, Texas). This was used as a reflection of the relative size distributions
These light chains were previously reported to cleave vaso- o aggregate populations in the acquired images.
active int_estinal polypeptideSB)_. Each of the purified protgin MTT AssayHuman neuroblastoma cells (SH-SY5Y) were
preparations contained a majel9 kD band corresponding  paintained in medium containing 40% minimal essential
to intact light chain and minor degradation products stainable o 4ium (MEM), 40% Ham’s modification of F-12, 18% fetal
with anti-human light-chain antibody (Bence Jones proteins) pqvine serum (FBS), 1%-glutamine (3.6 mM), and 1%
(53). The antibody fragments were lyophilized after purifica- penicillin/streptomycin antibiotics and grown in a 5% £0O
tion and dialysis with water, stored af@, and reconstituted atmosphere at 37C. Cells were harvested from flasks and
in 1> PBS (0.137 M NaCl, 2.7 mM KCl, 4.3 mM NEIPO,, plated in 96-well polystyrene plates (Corning Inc., Corning,
1.4 mM KH,PQy, pH 7.4) to a concentration of 2M. The NY) with approximately 10 000 cells per 1(. of medium
purity of the c23.5 and hk1l4 samples were previously nerwell. Plates were incubated at 32 for 24 h to allow
analyzed by SDSPAGE, and catalytic activity toward/&0 cells to attach. Eight micromolar #40 with or without
was verified by mass spectrometry (MSgY. aliquots of antibody light chains c23.5 or hkl4 were

AB Fragments and Preparation of Aggregate§31—16 preincubated for 6, 12, and 18 days before addition to
was purchased from Bachem (Torrance, CA), apd®and  cultures. Samples were diluted with fresh medium. The final
AB17-40 were purchased from Biosource (Camarillo, CA). concentration of £40 in each culture well with or without
For aggregation experimentsfjA0 was dissolved in 100%  added c23.5 or hk14 was 400 nM. Similarly, the final protein
1,1,1,3,3,3-hexafluoro-2-propanal (HFIP) to a concentration concentration in each culture well in the various peptide
of 2 mg/mL, sonicated in a water bath for 10 min, aliquoted mixture and control samples was also 400 nM, except for
in microcentrifuge tubes, dried under vacuum, and stored atthe tripeptide mixture where it was 600 nM. The same
—20 °C. Immediately prior to use, the HFIP-treate40 volume of medium was added to all sample and control
was dissolved in dimethyl sulfoxide (DMSO) to 20 mg/mL  cultures. Plates were then incubated for an additional 72 h
and diluted to &M in PBS, pH 7.4, and incubated at 3¢ at 37 °C. Cell viability was determined using an MTT
without shaking in a 0.5 mL Eppendorf PCR tube. For initial (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bro-
studies with antibody fragment mixturesfA0 was mixed mide) toxicity assay with addition of 1@L of 5 mg/mL
to a final concentration of 8M, and aliquots of either c23.5  MTT to each well 68). After incubation fo 3 h at 37°C,
or hk14 were added at 50:1, 200:1, and 1000:1 molar plates were centrifuged, and medium was aspirated from each
dilutions. For studies using a mixture of peptide samples, well. One hundred microliters of MTT dissolvent (0.1 N HCI
AB17—40 with A340, A3 peptides were added in equimolar in 2-propanol) was added to each well. Plates were agitated
ratios to final total protein concentration ofi@. For the  at room temperature for 15 min to dissolve crystals. The
three-peptide mixture, AL—16, A317—40, and 4840, 4uM absorbance at 560 nm was measured by a Victor Wallac
solutions of each peptide were mixed together. multiwell assay plate reader (PerkinElmer, Gaithersburg,

Thioflavin T (ThT) Fluorescence Assayluorescence  MD). Averages from six replicate wells were used for each
emission of ThT is shifted when it binds fesheet aggregate  sample and control, and each experiment was repeated three
structures such as amyloid fibril4). The extent of & times. Cell viability was calculated by dividing the absor-
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A 457 smaller increase was observed at a dilution of 200:1, and no
> 41 2381 effect was observed at the highest di_Iution_rate (Fi_gure 1B).
@ 351 1006:1 Imag|_ng of Aggregate Morphologie€o-incubation of.
g 3. Eg&BSA ApB40 ywth a 50:1 dilution of .hl_<14 orc23.5 aIt(_ers aggregation
= 25 as evidenced by ThT staining and AFM imaging. AFM
e images of the control #40 sample taken after 18 days show
§ 27 formation of small oligomers and extensive formation of thin
@ 157 filaments (Figure 2A). Images of the sample co-incubated
S 11 with hk14 indicate a change in the aggregation morphology
“o54 _ with the formation of numerous very thin, almost fragmented
0 NS - filaments along with the small oligomers (Figure 2B). AFM

6 days 12 days 18 days images of samples of /40 co-incubated with ¢23.5 show
extensive formation of filaments and small aggregates similar
B 81 01 to the control sample (Figure 2C). These results are consistent
o7 B200:1 o with our previous study showing thatfA—40 when co-
B 61 oA . incubated with 417—40 formed more but structurally
8 DIAB40+BSA similar filaments compared to/A—40 alone §7). Quanti-
GE’ 51 fication of the height distributions of the aggregates in the
Q 4 AFM images indicates very similar distributions of particle
3 34 heights in the control A& alone sample and the sample co-
8 incubated with ¢23.5. However whenjgAs co-incubated
S 2 with hk14, there is a significant increase in the percentage
o of larger aggregate sizes (Table 1).
o 1A Cytotoxicity of 440 Aggregate SampleAn MTT assay

was used to measure the toxicity of the preincubat8d?
samples with and without added ¢23.5 or hk14 light chains
after preincubation at 37C for 6, 12, and 18 days. When
fluorescence in the absence and presence of different concentration%‘ﬁ?Q??Yd (?elﬁggséﬁg erxe?rlgli%tligﬂﬁﬁqselr;gcﬁggggl(Zg dtift)ion
of hk14 (A) or ¢23.5 (B). The samples were incubated afG7 0 P . D=
and 30uL of sample was removed periodically and added to 2 mL Of & 50/1 dilution of the control protein, BSA, did not alter
of 5uM ThT at 6, 12, and 18 days. Fluorescence intensity was Af$40 cytotoxicity. However addition of hk14 produces a
measured at excitation wavelength 450 nm and emission WaVebngthdose-dependent decrease in toxicity, showing nearly complete
482 nm. The experiments were performed in triplicate. The standard protection against A40 toxicity at a dilution of 50:1, partial
errors and® values were analyzed with Excel and Minitab software, . ) S . ’ .
respectively, by one-way ANOVA« P < 0.05; %%, P < 0.01; protection at 200:1 dilution, and no protection at 1000:1
sk, P < 0.001 compared to 40 alone). dilution (Figure 3A). However when A40 was co-incubated
with ¢23.5, there was a slight increase in toxicity compared
bance of wells containing samples (corrected for background)to A340 alone at 6 days for the higher c23.5 concentrations,
by the absorbance of wells containing medium alone (cor- but essentially no change in toxicity at 12 and 18 days at
rected for background). any concentration compared t@40 alone (Figure 3B). Even
though ¢23.5 results in a substantial increase 4@
aggregation, it does not result in a corresponding increase
) ) o in AB40 cytotoxicity.

AB1—40 AggregationA31—40 will aggregate into fibrillar Identification of c23.5 Degradation Products That Promote
structures in a time-dependent manner depending on con-pggregation We have previously shown that the light-chain
centration and pHS9, 60). A1—40 when incubated alone  gntibody fragment c23.5 can cleav@40 at thea-secretase
shows the expected increase in ThT fluorescence from 0 tosjte hetween residues 16 and 17 and to a lesser extent can
6, 12, and 18 days; however when the peptide is incubatedg|so cleave after the lysine 28 resid€) Since incubation
with either of the two proteolytic light-chain antibody  of Ag40 with c23.5 resulted in an increase in aggregation,
fragments, ¢23.5 or hkl14, the aggregation process wasye tested how A1-16 and A817—40, the two major
dramatically altered (Figure 1). Co-incubation g840 with hydrolytic fragments resulting from-secretase cleavage of
hk14 inhibits aggregation of the peptide inadose—dependentAﬂAfo, would affect aggregation and cytoxicity of the
manner (Figure 1A) At the |0West hk14 d”ution (501) parent pep“de We incubated/m Samp'es of ’%1_16'
aggregation of £40 was almost totally inhibited, even after AB17-40, and A81-40 alone for 18 days along with
was decreased by around 25% at each time point, while atAB1-40 and (b) A81—16, AB17—40, and A81—40. In
the highest dilution tested (1000:1), no inhibition of ag- addition, we incubated a control sample containingh8
gregation was observed. AB1-40 and 0.16uM BSA and a test sample containing

Essentially opposite results were obtained wh@d@®was 8 uM of AB1-40 and 0.16uM of ¢23.5. Aliquots of
co-incubated with the ¢23.5 light-chain fragment. Here each of these samples were periodically removed and tested
aggregation of 840 increased in a dose-dependent manner, for fibrillar content as determined by ThT (Figure 4A) and
where at the lowest dilution of 50:1, there was a nearly 200% cytotoxicity as determined by MTT assay (Figure 4B).
increase in aggregation at 6, 12, and 18 days, a substantiallyA31—16 alone did not aggregate, nor was it cytotoxic, while

6 days

12 days 18 days

Ficure 1: Effects on aggregation of A—40 by hk14 or ¢23.5.
The kinetics of A81—40 fibril formation was monitored by ThT

RESULTS
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FiGure 2: AFM imaging of A340 aggregation alone and with hk14 or c23.5. AFM analysis of 18-day sampleg4éf #ggregates when
incubated alone (A), with hk14 (B), and with c23.5 (C). Scale ar& um. Z-scale= 250 nm. Images were acquired in air using a
MultiMode SPM NanoScope Il system operating in tapping mode using silicon probes.

ApBL17-40 and AG40 both aggregated as expected and compared to £40 as previously reporte®l) except for a
showed substantial toxicity. While there were some differ- small increase after 6 days. When either the two-peptide
ences in aggregation betweeB¥®/—40 and A340 after 6 mixture, A517—40 and A1—-40, or the three-peptide
and 12 days as measured by ThT, there was no differencemixture of A31—16, A317—40, and AS1—40 were co-

in toxicity of the samples at any of the time points tested. incubated, there was a substantial increase in aggregation
We did not observe an increase in aggregation @I A-40 after 12 and 18 days, but no corresponding increase in
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Table 1: Height Distribution Analysis (%) of Aggregates Obtained
by AFM Images of Samples of #40 Alone and Co-incubated with
hk14 or c23.5 for 18 days at 3T

molecule height (nm)

sample 61 1-2 2-3 34 45 56
Ap40 alone 95.6 3.4 0.4 0.2 0.1 0.1
Ap40 with hk14  89.7 6.6 1.7 0.7 0.3 0.3
Ap40 with c23.5  97.3 1.7 0.5 0.2 0.1 0.1
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Ficure 3: Comparison of toxicity of £40 and its mixture with
hk14 or ¢23.5. Eight micromolar /40 with or without different
concentrations of hk14 (A) or ¢23.5 (B) was incubated at'G7

for 6, 12, 18 days. Ten microliters of sample was added to wells
of 96-well plates. The final concentration oAQ in all wells was

400 nM. Data shown are expressed as percentage of control value
(one control for each time point) from three independent experi-
ments with each experimental value being the average of six trials.
Standard errors of the mean are shown for each sample as bal
above the mean«( P < 0.05; %, P < 0.01 compared to 40
alone).

cytotoxicity; the three-peptide mixture actually showed a
decrease in toxicity. The three-peptide mixture comes close
to replicating the aggregation results observed whgaA

is incubated with ¢23.5 and almost exactly duplicates the
cytotoxicity studies. Addition of a nonspecific protein, BSA,
had no affect on aggregation or toxicity compared {248
alone.

DISCUSSION

The hydrophobic carboxyl terminal region offAis a
principal force driving the protein to aggregat®?). The
longer carboxyl terminal form of the peptide (42 vs 40)
favors aggregatior6@, 64), as do deletions in the more hy-
drophilic amino terminal regioré(, 69. The amino terminal
deleted peptide, AL7—40/42 (also referred to as P3) is very
insoluble and will form cytotoxic aggregates that may

rs
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Ficure 4: Aggregation and cytotoxicity of degradation products
of Ap40 by ¢23.5. The kinetics of fibril formation was monitored

by ThT fluorescence for the samples containing differefit A
peptides (A). The samples were incubated af@7and 30QuL of
samples was removed to 2 mL ofe®1 ThT after 6, 12, and 18
days. Fluorescence intensity was measured at excitation wavelength
450 nm and emission wavelength 482 nm. The experiments were
performed in triplicate £, P < 0.05; %, P < 0.01 compared to
Ap40 alone). The cytotoxicity of the different®peptides samples
when incubated for 6, 12, and 18 days was measured using an MTT
assay (B). Ten microliters of sample was added to wells of 96-
well plates. The final concentration of30 and total protein of
other peptide mixtures in all wells was 400 nM, except for the
tripeptide mixture where it was 600 nM. Data shown are expressed
as percentage of control values from three independent experiments
with each experimental value being the average of six trials.

S

contribute to the neuronal apoptotic characteristic of AB (
67). Here we provide further evidence thaf&7—40 not
only aggregates readily but also promotes aggregation when
mixed with A340, possibly by providing nucleation sites as
previously suggested®(). When A340 peptide is incubated
with the light-chain fragment c23.5, which we have previ-
ously shown to possesssecretase-like activity toward40
(52), aggregation of £40 is stimulated since the less soluble
17—-40 fragment is generated. Similarsecretase-like cleav-
age of A5 by insulin-degrading enzyme (IDE) was previously
shown to also enhance oligomerization ¢f &t physiological
concentrations in vitro due to the formation of more
hydrophobic truncated N-terminal fragmen#®).

[-secretase, or BACES(site APP-cleaving enzyme), is
an aspartyl protease that cleaves membrane-bound APP
releasing a soluble proteinB{APPs) and generating the
N-terminal fragment of & on a 99-residue membrane-bound
C-terminal fragment (C99)68, 69). APP can alternatively
be cleaved byo-secretase, which cleaves inside thg A
region (Ly$%-Leu’) to producen-APPs and a slightly shorter
membrane-bound C-terminal fragment (C839,(70. Both
C99 and C83 are substrates fesecretase43), which can
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cleave the intermembrane region of APP to produce the 4-kD caused by co-aggregation with hk14 or a combination of both

Ap peptide from C99 and the 3-kD peptide{&7—40/42)

called P3 from C83. Previous studies have shown that

stimulatingo-secretase-like cleavage of APP by promoting
protein kinase C activity leads to a significant decrease in
Ap formation (71—-74). Sinceo-secretase cleavage of APP
prevents formation of & but increases production of the
P3 fragment, increasing-secretase activity will decrease
soluble A3 levels through two different mechanisms: (1)
directly decreasing A production and (2) increasing ag-
gregegation of existing A 40/42 by increasing P3 levels.
Our results show that addition of P3 can significantly increase
A aggregation in vitro; however, there is no corresponding
increase in cytotoxicity. These results indicate that if

promotinga-secretase cleavage is to be used as a potentia

therapeutic approach for treating AD, it may also be
beneficial to simultaneously decreagesecretase activity.
There is still considerable confusion as to whetheecretase
levels play a role in the progression of AD as one study
indicated that 80% of samples from AD patients showed
decreasedx-secretase levels7), while a second report
indicated that mRNA levels of a suggestedsecretase
candidate ADAM 10 (disintegrin and metalloproteinase 10)
was 2-fold higher in AD patients76). Promotion of
a-secretase activity toward APP by addition of protein kinase
C (PKC) reduced formation of A(77).

The p3 fragment, A17—40/42, may play a role in the
progression of AD as it has been identified in diffuse plaques
of AD patients {8), is neurotoxic 61), and A317—42 and
ApB1—42 both induce cell death via a similar Fas-like/
caspase-8 activation pathwayr( 79). Here we add to these
results by showing that AXL7—40 when added directly to
ApB1-40 or when formed byo-secretase like proteolytic
hydrolysis of A31—40, substantially promotes aggrega-
tion of Af1—40, but does not increase cytotoxicity toward
SH-SY5Y cells, even despite the formation of extensive
fibrillar structures. These results suggest thgtlA—40,

mechanisms.

The amyloid cascade hypothesl$), while still unproven,
is a central tenet for AD therapeutic strategies aimed at
reducing soluble or aggregated3Aevels. Such strategies
include active and passive immunization approaches to clear
soluble and fibrillar A8, inhibition of AS production by
inhibiting - and y-secretases, and increasing proteolytic
degradation of A. Active and passive immunization pro-
tocols can reduce amyloid deposits and decrease solyble A
levels @9, 83—85) and have been shown to reverse memory
deficits @6—88). Unfortunately, active immunization strate-
gies led to clinical signs and symptoms of meningoencepha-

IIitis in a small group of AD patients8Q, 90). Postmortem

examination of immunized animals with vascular amyloid
also showed perimicrovascular hemorrhages and inflamma-
tion (91—93). Since AD is in part an inflammatory disease
(94, 95) and immunization strategies may perturb the delicate
balance in the brain between healthy maintenance and
unhealthy inflammation96), a proteolytic therapeutic ap-
proach has great promiseSAs normally secreted from cells,
and in healthy brains, it is readily hydrolyzed before forming
aggregates by various enzymes such as neutral endopeptidase
(NEP) @6), angiotension-converting enzyme (ACEY),
neprilysin (endopeptidase 24.188j, endothelin-converting
enzyme (ECE) 0), and insulin-degrading enzyme (IDE)
(48, 99). Since these enzymes have other functions, stimulat-
ing their activity to decrease fAlevels may cause other
unwanted side effects. Similarly, the proteolytic antibody
light chains reported here, particularly hk14, which can alter
Ap aggregation and inhibit toxicity, in their current state may
have very broad specificity and would not be suitable for
therapeutic applications. However, recombinant proteolytic
antibody light chains are readily adaptable to protein
engineering techniques that can greatly increase target
specificity. For example pairing of a parent proteolytic light

while it aggregates more quickly than the parent peptide, chain with a target specific heavy chain increased the
favors formation of less toxic aggregate morphologies specificity of the resulting construct by 6.6-fold.qQ).
consistent with previous reports showing that enhanced Affinity maturation techniques have been effectively used
aggregation of £40 did not correlate with increased toxicity  to increase the affinity of parent antibody fragments over a
to cells @0). Many different studies have indicated that the 1000-fold, even into the femtomolar rang®() and diabody
toxicity of A5 may be due to intermediate structures in the constructs containing a proteolytic antibody fragment along
aggregation pathway toward formation of insoluble fibrils, yjth a high-affinity antigen-specific antibody fragment can
rather than the insoluble fibrils themselveX0,(81, 82). also be constructed. Since none of these constructs would
Apparently A317—40 when mixed with 40 favors forma-  contain the Fc fragment of the antibody, the dangers of
tion of a less toxic aggregate morphology. . aggravating an inflammatory response can be alleviated and
Our results also show that co-incubation of40 with e smaller size may facilitate transport across the blood
hk14 alters aggregation, forming a higher percentage of largery 4in parrier. Therefore our current results indicating that
oligomers and extensive very thin fllame_nts. When |r_1cu_bated proteolytic antibody fragments can potently alter aggregation
alone, hk14 also formed oligomers and filaments as indicated ;4 qecrease cytotoxicity of ®hold great promise for the

by ThT staining and AFM images; however, it showed no use of recombinant : :

o proteolytic antibody constructs as part

Elc_);(_:_cnylto SHb'SY5Y d(d%LatEOthirllOVX%)' Therlef_ore tthE Itow of a potential noninflammatory therapeutic treatment and
values observed wi e hk143A0 sample is attribut- fprevention of AD.

able to subtraction of the high fluorescence background o
hk14 alone. The very thin filaments observed in Figure 2B
may also be partly due to aggregation of hk14; however, ACKNOWLEDGMENT

the same thin filaments are observed even wh@dAis

incubated with 2-fold lower concentrations of hk14 (datanot ~We would like to thank Dr. Sudhir Paul (University of
shown). The reduced toxicity of A0 when co-incubated  Texas-Houston Medical School, Houston, Texas) for gener-
with hk14 may be attributable to proteolytic degradation from ously providing samples of the ¢23.5 and hk14 light-chain
the carboxyl terminus or to an altered aggregate morphology antibodies.



Proteolytic Antibody Light Chains Alter A Aggregation

REFERENCES

1.
2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Selkoe, D. J. (1999) Translating cell biology into therapeutic
advances in alzheimer’s diseaditure 399 A23—A31.

Kirschner, D. A., Abraham, C., and Selkoe, D. J. (1986) X-ray
diffraction from intraneuronal paired helical filaments and extra-
neuronal amyloid fibers in alzheimer disease indicates cross-beta
conformation,Proc. Natl. Acad. Sci. U.S.A83, 503-507.

. Zagorski, M. G., Yang, J., Shao, H., Ma, K., Zeng, H., and Hong,

A. (1999) Methodological and chemical factors affecting amyloid
beta peptide amyloidogenicitijethods Enzymol. 30989-204.

.Klein, W. L. (2002) Abeta toxicity in alzheimer's disease:

Globular oligomers (addls) as new vaccine and drug targets,
Neurochem. Int. 41345-352.

. Hardy, J., and Selkoe, D. J. (2002) The amyloid hypothesis of

alzheimer’'s disease: Progress and problems on the road to
therapeuticsScience 297353-356.

. Koo, E. H., Lansbury, P. T., Jr., and Kelly, J. W. (1999) Amyloid

diseases: Abnormal protein aggregation in neurodegeneration,
Proc. Natl. Acad. Sci. U.S.86, 9989-9990.

. Nichols, M. R., Moss, M. A., Reed, D. K., Lin, W. L., Mukho-

padhyay, R., Hoh, J. H., and Rosenberry, T. L. (2002) Growth of
beta-amyloid(+40) protofibrils by monomer elongation and
lateral association. Characterization of distinct products by light
scattering and atomic force microscojochemistry 416115
6127.

. Soto, C. (2003) Unfolding the role of protein misfolding in

neurodegenerative diseasdi®t. Re.. Neurosci 4, 49—60.

. Lashuel, H. A., Hartley, D. M., Balakhaneh, D., Aggarwal, A.,

Teichberg, S., and Callaway, D. J. (2002) New class of inhibitors
of amyloid-beta fibril formation. Implications for the mechanism
of pathogenesis in alzheimer’s diseakeBiol. Chem?277, 42881
42890.

Kayed, R., Head, E., Thompson, J. L., Mclntire, T. M., Milton,
S. C., Cotman, C. W., and Glabe, C. G. (2003) Common structure
of soluble amyloid oligomers implies common mechanism of
pathogenesisScience 300486—-489.

Rosenblum, W. |. (2002) Structure and location of amyloid beta
peptide chains and arrays in alzheimer’s disease: New findings
require reevaluation of the amyloid hypothesis and of tests of the
hypothesisNeurobiol. Aging 23225-230.

Ward, R. V., Jennings, K. H., Jepras, R., Neville, W., Owen, D.
E., Hawkins, J., Christie, G., Davis, J. B., George, A., Karran, E.
H., and Howlett, D. R. (2000) Fractionation and characterization
of oligomeric, protofibrillar and fibrillar forms of beta-amyloid
peptide,Biochem. J348 (Part 1), 137144.

Kirkitadze, M. D., Condron, M. M., and Teplow, D. B. (2001)
Identification and characterization of key kinetic intermediates in
amyloid beta-protein fibrillogenesis,. Mol. Biol. 312 1103—
1119.

Haass, C., and De Strooper, B. (1999) The presenilins in
alzheimer’s diseaseproteolysis holds the kegcience 286916—

919.

Selkoe, D. J. (2000) Toward a comprehensive theory for alz-
heimer’s disease. Hypothesis: Alzheimer's disease is caused by
the cerebral accumulation and cytotoxicity of amyloid beta-protein,
Ann. N. Y. Acad. Sci. 9247—25.

Guan, Z. Z., Yu, W. F., Shan, K. R., Nordman, T., Olsson, J.,
and Nordberg, A. (2003) Loss of nicotinic receptors induced by
beta-amyloid peptides in pc12 cells: Possible mechanism involv-
ing lipid peroxidation,J. Neurosci. Res. 78B97-406.
Varadarajan, S., Kanski, J., Aksenova, M., Lauderback, C., and
Butterfield, D. A. (2001) Different mechanisms of oxidative stress
and neurotoxicity for alzheimer’'s a beta(1--42) and a beta-
(25- -35),J. Am. Chem. Soc. 128625-5631.

Bartzokis, G. (2004) Age-related myelin breakdown: A devel-
opmental model of cognitive decline and alzheimer’s disease,
Neurobiol. Aging 255—18; author reply 49-62.

Abramov, A. Y., Canevari, L., and Duchen, M. R. (2003) Changes
in intracellular calcium and glutathione in astrocytes as the primary
mechanism of amyloid neurotoxicity, Neurosci. 235088-5095.
Yuasa, S., Nakajima, M., Aizawa, H., Sahara, N., Koizumi, K.,
Sakai, T., Usami, M., Kobayashi, S., Kuroyanagi, H., Mori, H.,
Koseki, H., and Shirasawa, T. (2002) Impaired cell cycle control
of neuronal precursor cells in the neocortical primordium of
presenilin-1-deficient mice]. Neurosci. Res. 7G01-513.

Bush, A. I. (2003) The metallobiology of alzheimer’s disease,
Trends Neurosci26, 207—214.

22.

23.

24.

25.

26.
27.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

Biochemistry, Vol. 43, No. 31, 2004.0005

Mason, J. M., Kokkoni, N., Stott, K., and Doig, A. J. (2003) Design
strategies for anti-amyloid agentSurr. Opin. Struct. Biol. 13
526-532.

Moore, S. A., Huckerby, T. N., Gibson, G. L., Fullwood, N. J.,
Turnbull, S., Tabner, B. J., EI-Agnaf, O. M., and Allsop, D. (2004)
Both the d-f-) and I-(—) enantiomers of nicotine inhibit abeta
aggregation and cytotoxicityBiochemistry 43819-826.

Soto, C., Kascsak, R. J., Saborio, G. P., Aucouturier, P., Wis-
niewski, T., Prelli, F., Kascsak, R., Mendez, E., Harris, D. A.,
Ironside, J., Tagliavini, F., Carp, R. I., and Frangione, B. (2000)
Reversion of prion protein conformational changes by synthetic
beta-sheet breaker peptidésncet 355 192—-197.

Forloni, G., Colombo, L., Girola, L., Tagliavini, F., and Salmona,
M. (2001) Anti-amyloidogenic activity of tetracyclines: Studies
in vitro, FEBS Lett 487, 404-407.

LeVine, H. (2002) The challenge of inhibiting abeta polymeriza-
tion, Curr. Med. Chem9, 1121-1133.

Sacchettini, J. C., and Kelly, J. W. (2002) Therapeutic strategies
for human amyloid diseaseNat. Re.. Drug Discaery 1, 267—

275.

. DeMattos, R. B., Bales, K. R., Cummins, D. J., Paul, S. M., and

Holtzman, D. M. (2002) Brain to plasma amyloid-beta efflux: A
measure of brain amyloid burden in a mouse model of alzheimer’s
diseaseScience 2952264-2267.

DeMattos, R. B., Bales, K. R., Cummins, D. J., Dodart, J. C.,
Paul, S. M., and Holtzman, D. M. (2001) Peripheral anti-a beta
antibody alters cns and plasma a beta clearance and decreases
brain a beta burden in a mouse model of alzheimer’s disPase,

Natl. Acad. Sci. U.S.A. 98850-8855.

Cherny, R. A, Atwood, C. S., Xilinas, M. E., Gray, D. N., Jones,
W. D., McLean, C. A., Barnham, K. J., Volitakis, ., Fraser, F.
W., Kim, Y., Huang, X., Goldstein, L. E., Moir, R. D., Lim, J.
T., Beyreuther, K., Zheng, H., Tanzi, R. E., Masters, C. L., and
Bush, A. I. (2001) Treatment with a coppezinc chelator
markedly and rapidly inhibits beta-amyloid accumulation in
alzheimer’s disease transgenic mibksuron 30 665-676.

Stuve, O., Youssef, S., Steinman, L., and Zamvil, S. S. (2003)
Statins as potential therapeutic agents in neuroinflammatory
disorders,Curr. Opin. Neurol. 16 393-401.

Aisen, P. S. (2002) The potential of antiinflammatory drugs for
the treatment of alzheimer’s diseakancet Neurol. 1279-284.

Jick, H., Zornberg, G. L., Jick, S. S., Seshadri, S., and Drachman,
D. A. (2000) Statins and the risk of dementi@ncet 356 1627
1631.

Sparks, D. L., and Schreurs, B. G. (2003) Trace amounts of copper
in water inducd betg -amyloid plaques and learning deficits in a
rabbit model of alzheimer’s diseas&oc. Natl. Acad. Sci. U.S.A.
100, 11065-11069.

Neve, R. L. (2003) A new wrestler in the battle between alpha-
and beta-secretases for cleavage of apgnds Neurosci. 26161~

463.

Eriksen, J. L., Sagi, S. A., Smith, T. E., Weggen, S., Das, P.,
McLendon, D. C., Ozols, V. V., Jessing, K. W., Zavitz, K. H.,
Koo, E. H., and Golde, T. E. (2003) Nsaids and enantiomers of
flurbiprofen target gamma-secretase and lower abeta 42 in vivo,
J. Clin. Invest. 112 440—-449.

Takahashi, Y., Hayashi, I., Tominari, Y., Rikimaru, K., Morohashi,
Y., Kan, T., Natsugari, H., Fukuyama, T., Tomita, T., and
Iwatsubo, T. (2003) Sulindac sulfide is a noncompetitive gamma-
secretase inhibitor that preferentially reduces abeta 42 generation,
J. Biol. Chem. 27818664-18670.

Basi, G., Frigon, N., Barbour, R., Doan, T., Gordon, G.,
McConlogue, L., Sinha, S., and Zeller, M. (2003) Antagonistic
effects of beta-site amyloid precursor protein-cleaving enzymes
1 and 2 on beta-amyloid peptide production in céllgBiol. Chem

278 31512-31520.

Meziane, H., Dodart, J. C., Mathis, C., Little, S., Clemens, J., Paul,
S. M., and Ungerer, A. (1998) Memory-enhancing effects of
secreted forms of the beta-amyloid precursor protein in normal
and amnestic miceRroc. Natl. Acad. Sci. U.S.A. 992683~
12688.

Mattson, M. P., Guo, Z. H., and Geiger, J. D. (1999) Secreted
form of amyloid precursor protein enhances basal glucose and
glutamate transport and protects against oxidative impairment of
glucose and glutamate transport in synaptosomes by a cyclic gmp-
mediated mechanisnd, Neurochem73, 532-537.

Allinson, T. M., Parkin, E. T., Turner, A. J., and Hooper, N. M.
(2003) Adams family members as amyloid precursor protein alpha-
secretases]. Neurosci. Res. 7842—-352.



10006 Biochemistry, Vol. 43, No. 31, 2004

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Liu et al.

Dewachter, I., and Van Leuven, F. (2002) Secretases as targets 62. Barrow, C. J., and Zagorski, M. G. (1991) Solution structures of

for the treatment of alzheimer’s disease: The prospéeiscet
Neurol 1, 409-416.

Esler, W. P., and Wolfe, M. S. (2001) A portrait of alzheimer
secretasesnew features and familiar faceScience 2931449-
1454.

Kanemitsu, H., Tomiyama, T., and Mori, H. (2003) Human
neprilysin is capable of degrading amyloid beta peptide not only
in the monomeric form but also the pathological oligomeric form,
Neurosci. Lett. 350113-116.

Iwata, N., Tsubuki, S., Takaki, Y., Shirotani, K., Lu, B., Gerard,
N. P., Gerard, C., Hama, E., Lee, H. J., and Saido, T. C. (2001)
Metabolic regulation of brain abeta by neprilysB¢ience 292
1550-1552.

Iwata, N., Tsubuki, S., Takaki, Y., Watanabe, K., Sekiguchi, M.,
Hosoki, E., Kawashima-Morishima, M., Lee, H. J., Hama, E.,
Sekine-Aizawa, Y., and Saido, T. C. (2000) Identification of the
major abetat42-degrading catabolic pathway in brain paren-
chyma: Suppression leads to biochemical and pathological
deposition,Nat. Med. 6 143-150.

Chesneau, V., Vekrellis, K., Rosner, M. R., and Selkoe, D. J.
(2000) Purified recombinant insulin-degrading enzyme degrades
amyloid beta-protein but does not promote its oligomerization,
Biochem. J. 351Part 2), 509-516.

Morelli, L., Llovera, R., Gonzalez, S. A., Affranchino, J. L., Prelli,
F., Frangione, B., Ghiso, J., and Castano, E. M. (2003) Differential
degradation of amyloid beta genetic variants associated with
hereditary dementia or stroke by insulin-degrading enzyir@iol.
Chem. 27823221-23226.

Vekrellis, K., Ye, Z., Qiu, W. Q., Walsh, D., Hartley, D., Chesneau,
V., Rosner, M. R., and Selkoe, D. J. (2000) Neurons regulate
extracellular levels of amyloid beta-protein via proteolysis by
insulin-degrading enzymé, Neurosci. 201657-1665.

Eckman, E. A., Reed, D. K., and Eckman, C. B. (2001) Degrada-
tion of the alzheimer's amyloid beta peptide by endothelin-
converting enzyme]. Biol. Chem. 27624540-24548.

Eckman, E. A., Watson, M., Marlow, L., Sambamurti, K., and
Eckman, C. B. (2003) Alzheimer’s disease beta-amyloid peptide
is increased in mice deficient in endothelin-converting enzyme,
J. Biol. Chem. 2782081-2084.

Rangan, S. K., Liu, R., Brune, D., Planque, S., Paul, S., and Sierks,
M. R. (2003) Degradation of beta-amyloid by proteolytic antibody
light chains,Biochemistry 4214328-14334.

Paul, S., Tramontano, A., Gololobov, G., Zhou, Y. X., Taguchi,
H., Karle, S., Nishiyama, Y., Planque, S., and George, S. (2001)
Phosphonate ester probes for proteolytic antibodieBiol. Chem.
276, 28314-28320.

LeVine, H., 3rd (1993) Thioflavine t interaction with synthetic
alzheimer’s disease beta-amyloid peptides: Detection of amyloid
aggregation in solutiorRrotein Sci 2, 404-410.

Shlyakhtenko, L. S., Miloseska, L., Potaman, V. N., Sinden, R.
R., and Lyubchenko, Y. L. (2003) Intersegmental interactions in
supercoiled DNA: Atomic force microscope studylframicros-
copy 97 263—-270.

Shlyakhtenko, L. S., Potaman, V. N., Sinden, R. R., Gall, A. A,
and Lyubchenko, Y. L. (2000) Structure and dynamics of three-
way DNA junctions: Atomic force microscopy studidsucleic
Acids Res. 283472-3477.

Liu, R., McAllister, C., Lyubchenko, Y., and Sierks, M. R. (2004)
Residues 1720 and 36-35 of beta-amyloid play critical roles

in aggregation,). Neurosci. Res. 78.62-171.

Shearman, M. S., Hawtin, S. R., and Tailor, V. J. (1995) The
intracellular component of cellular 3-(4,5-dimethylthiazol-2-yl)-
2, 5-diphenyltetrazolium bromide (mtt) reduction is specifically
inhibited by beta-amyloid peptide3, Neurochem. 63218-227.
Stine, W. B., Jr., Dahlgren, K. N., Krafft, G. A., and LaDu, M. J.
(2003) In vitro characterization of conditions for amyloid-beta
peptide oligomerization and fibrillogenesis, Biol. Chem. 278
11612-11622.

Kim, Y. S., Randolph, T. W., Stevens, F. J., and Carpenter, J. F.
(2002) Kinetics and energetics of assembly, nucleation, and growth
of aggregates and fibrils for an amyloidogenic protein. Insights
into transition states from pressure, temperature, and cosolute
studies,J. Biol. Chem 277, 27240-27246.

Pike, C. J., Overman, M. J., and Cotman, C. W. (1995) Amino-
terminal deletions enhance aggregation of beta-amyloid peptides
in vitro, J. Biol. Chem. 27023895-23898.

63.

64.

65.

)]

70.

~

~

81.

7.

2.

3.

beta peptide and its constituent fragments: Relation to amyloid
deposition,Science 253179-182.

Jarrett, J. T., Berger, E. P., and Lansbury, P. T., Jr. (1993) The
c-terminus of the beta protein is critical in amyloidogenesis).

N. Y. Acad. Sci. 695144—148.

Barrow, C. J., Yasuda, A., Kenny, P. T., and Zagorski, M. G.
(1992) Solution conformations and aggregational properties of
synthetic amyloid beta-peptides of alzheimer’s disease. Analysis
of circular dichroism spectral. Mol. Biol. 225 1075-1093.

He, W., and Barrow, C. J. (1999) The a beta 3-pyroglutamyl and
11-pyroglutamyl peptides found in senile plaque have greater beta-
sheet forming and aggregation propensities in vitro than full-length
a beta,Biochemistry 3810871-10877.

. Szczepanik, A. M., Rampe, D., and Ringheim, G. E. (2001)

Amyloid-beta peptide fragments p3 and p4 induce pro-inflam-
matory cytokine and chemokine production in vitro and in vivo,
J. Neurochem?77, 304-317.

Wei, W., Norton, D. D., Wang, X., and Kusiak, J. W. (2002) Abeta
17—-42 in alzheimer’s disease activates jnk and caspase-8 leading
to neuronal apoptosigrain 125 2036-2043.

. Sinha, S., and Lieberburg, I. (1999) Cellular mechanisms of beta-

amyloid production and secretioRyoc. Natl. Acad. Sci. U.S.A.
96, 11049-11053.

. Vassar, R., Bennett, B. D., Babu-Khan, S., Kahn, S., Mendiaz, E.

A., Denis, P., Teplow, D. B., Ross, S., Amarante, P., Loeloff, R.,
Luo, Y., Fisher, S., Fuller, J., Edenson, S., Lile, J., Jarosinski, M.
A., Biere, A. L., Curran, E., Burgess, T., Louis, J. C., Collins, F.,
Treanor, J., Rogers, G., and Citron, M. (1999) Beta-secretase
cleavage of alzheimer’s amyloid precursor protein by the trans-
membrane aspartic protease ba8eience 286735-741.

Furukawa, K., Sopher, B. L., Rydel, R. E., Begley, J. G., Pham,
D. G., Martin, G. M., Fox, M., and Mattson, M. P. (1996)
Increased activity-regulating and neuroprotective efficacy of alpha-
secretase-derived secreted amyloid precursor protein conferred by
a c-terminal heparin-binding domaié, Neurochem. §71882—

96.

. Caporaso, G. L., Gandy, S. E., Buxbaum, J. D., Ramabhadran, T.

V., and Greengard, P. (1992) Protein phosphorylation regulates
secretion of alzheimer beta/a4 amyloid precursor proteing.

Natl. Acad. Sci. U.S.A. 88055-3059.

Buxbaum, J. D., Koo, E. H., and Greengard, P. (1993) Protein
phosphorylation inhibits production of alzheimer amyloid beta/
a4 peptideProc. Natl. Acad. Sci. U.S.A. 90195-9198.
Jacobsen, J. S., Spruyt, M. A., Brown, A. M., Sahasrabudhe, S.
R., Blume, A. J., Vitek, M. P., Muenkel, H. A., and Sonnenberg-
Reines, J. (1994) The release of alzheimer’s disease beta amyloid
peptide is reduced by phorbol treatmedt, Biol. Chem 269,
8376-8382.

. Hung, A. Y., Haass, C., Nitsch, R. M., Qiu, W. Q., Citron, M.,

Wurtman, R. J., Growdon, J. H., and Selkoe, D. J. (1993)
Activation of protein kinase c inhibits cellular production of the
amyloid beta-protein). Biol. Chem. 26822959-22962.

. Tyler, S. J., Dawbarn, D., Wilcock, G. K., and Allen, S. J. (2002)

Alpha- and beta-secretase: Profound changes in alzheimer’s
diseaseBiochem. Biophys. Res. Commun. 2893-376.

. Gatta, L. B., Albertini, A., Ravid, R., and Finazzi, D. (2002) Levels

of beta-secretase bace and alpha-secretase adam10 mRNAs in
Alzheimer hippocampud\leuroreport 13 2031-2033.

. Zhu, G., Wang, D., Lin, Y. H., McMahon, T., Koo, E. H., and

Messing, R. O. (2001) Protein kinase ¢ epsilon suppresses abeta
production and promotes activation of alpha-secretaseshem.
Biophys. Res. Commun. 2887-1006.

. Higgins, L. S., Murphy, G. M., Jr., Forno, L. S., Catalano, R.,

and Cordell, B. (1996) P3 beta-amyloid peptide has a unique and
potentially pathogenic immunohistochemical profile in alzheimer’s
disease brainAm. J. Pathol. 149585-596.

. Wei, W., Wang, X., and Kusiak, J. W. (2002) Signaling events in

amyloid beta-peptide-induced neuronal death and insulin-like
growth factor i protectionJ. Biol. Chem. 27717649-17656.

. Lowe, T. L., Strzelec, A., Kiessling, L. L., and Murphy, R. M.

(2001) Structurefunction relationships for inhibitors of beta-
amyloid toxicity containing the recognition sequence KkIvff,
Biochemistry 407882-7889.

Caughey, B., and Lansbury, P. T. (2003) Protofibrils, pores, fibrils,
and neurodegeneration: Separating the responsible protein ag-
gregates from the innocent bystandéanu. Re. Neurosci. 26
267—-298.



Proteolytic Antibody Light Chains Alter A Aggregation

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Walsh, D. M., Klyubin, I., Fadeeva, J. V., Cullen, W. K., Anwyl,
R., Wolfe, M. S., Rowan, M. J., and Selkoe, D. J. (2002) Naturally
secreted oligomers of amyloid beta protein potently inhibit hippo-
campal long-term potentiation in vivéature 416 535-539.

Bard, F., Cannon, C., Barbour, R., Burke, R. L., Games, D.,
Grajeda, H., Guido, T., Hu, K., Huang, J., Johnson-Wood, K.,
Khan, K., Kholodenko, D., Lee, M., Lieberburg, I., Motter, R.,
Nguyen, M., Soriano, F., Vasquez, N., Weiss, K., Welch, B.,
Seubert, P., Schenk, D., and Yednock, T. (2000) Peripherally
administered antibodies against amyloid beta-peptide enter the
central nervous system and reduce pathology in a mouse model
of alzheimer diseaséyat. Med 6, 916-919.

Wilcock, D. M., DiCarlo, G., Henderson, D., Jackson, J., Clarke,
K., Ugen, K. E., Gordon, M. N., and Morgan, D. (2003)
Intracranially administered anti-abeta antibodies reduce beta-
amyloid deposition by mechanisms both independent of and
associated with microglial activatiod, Neurosci. 233745-3751.
Bard, F., Barbour, R., Cannon, C., Carretto, R., Fox, M., Games,
D., Guido, T., Hoenow, K., Hu, K., Johnson-Wood, K., Khan,
K., Kholodenko, D., Lee, C., Lee, M., Motter, R., Nguyen, M.,
Reed, A., Schenk, D., Tang, P., Vasquez, N., Seubert, P., and
Yednock, T. (2003) Epitope and isotype specificities of antibodies
to beta -amyloid peptide for protection against alzheimer’s disease-
like neuropathologyProc. Natl. Acad. Sci. U.S.A. 10Q023-
2028.

Dodart, J. C., Bales, K. R., Gannon, K. S., Greene, S. J., DeMattos,
R. B., Mathis, C., DeLong, C. A., Wu, S., Wu, X., Holtzman, D.
M., and Paul, S. M. (2002) Immunization reverses memory deficits
without reducing brain abeta burden in alzheimer’s disease model,
Nat. Neurosci. 5452-457.

Kotilinek, L. A., Bacskai, B., Westerman, M., Kawarabayashi, T.,
Younkin, L., Hyman, B. T., Younkin, S., and Ashe, K. H. (2002)
Reversible memory loss in a mouse transgenic model of
alzheimer’s diseaséd, Neurosci. 226331-6335.

Hock, C., Konietzko, U., Streffer, J. R., Tracy, J., Signorell, A,
Muller-Tillmanns, B., Lemke, U., Henke, K., Moritz, E., Garcia,
E., Wollmer, M. A., Umbricht, D., de Quervain, D. J., Hofmann,
M., Maddalena, A., Papassotiropoulos, A., and Nitsch, R. M.
(2003) Antibodies against beta-amyloid slow cognitive decline
in alzheimer’s diseasé&yeuron 38 547—554.

Schenk, D. (2002) Amyloid-beta immunotherapy for alzheimer’s
disease: The end of the beginnimgat. Re.. Neurosci. 3824—

828.

Senior, K. (2002) Dosing in phase ii trial of alzheimer’s vaccine
suspended,ancet Neural 1, 3.

Furlan, R., Brambilla, E., Sanvito, F., Roccatagliata, L., Olivieri,
S., Bergami, A., Pluchino, S., Uccelli, A., Comi, G., and Martino,

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Biochemistry, Vol. 43, No. 31, 2004.0007

G. (2003) Vaccination with amyloid-beta peptide induces autoim-
mune encephalomyelitis in ¢57/bl6 midgrain 126 285-291.
Nicoll, J. A., Wilkinson, D., Holmes, C., Steart, P., Markham,
H., and Weller, R. O. (2003) Neuropathology of human alzheimer
disease after immunization with amyloid-beta peptide: A case
report,Nat. Med 9, 448-452.

Pfeifer, M., Boncristiano, S., Bondolfi, L., Stalder, A., Deller, T.,
Staufenbiel, M., Mathews, P. M., and Jucker, M. (2002) Cerebral
hemorrhage after passive anti-abeta immunothei@gignce 298
1379.

Lue, L. F., Walker, D. G., and Rogers, J. (2001) Modeling
microglial activation in alzheimer’s disease with human postmor-
tem microglial culturesNeurobiol. Aging 22945-956.

Zhang, Q., Powers, E. T., Nieva, J., Huff, M. E., Dendle, M. A,,
Bieschke, J., Glabe, C. G., Eschenmoser, A., Wentworth, P., Jr.,
Lerner, R. A., and Kelly, J. W. (2004) Metabolite-initiated protein
misfolding may trigger alzheimer’s diseag¥pc. Natl. Acad. Sci.
U.S.A

Shen, Y., Lue, L., Yang, L., Roher, A., Kuo, Y., Strohmeyer, R.,
Goux, W. J., Lee, V., Johnson, G. V., Webster, S. D., Cooper, N.
R., Bradt, B., and Rogers, J. (2001) Complement activation by
neurofibrillary tangles in alzheimer’s diseadégurosci Lett 305
165-168.

Hu, J., lgarashi, A., Kamata, M., and Nakagawa, H. (2001)
Angiotensin-converting enzyme degrades alzheimer amyloid beta-
peptide (a beta); retards a beta aggregation, deposition, fibril
formation; and inhibits cytotoxicity]. Biol. Chem. 27647863~
47868.

Iwata, N., Mizukami, H., Shirotani, K., Takaki, Y., Muramatsu,
S., Lu, B., Gerard, N. P., Gerard, C., Ozawa, K., and Saido, T. C.
(2004) Presynaptic localization of neprilysin contributes to efficient
clearance of amyloid-beta peptide in mouse brdinlNeurosci.

24, 991-998.

Leissring, M. A., Farris, W., Chang, A. Y., Walsh, D. M., Wu,
X., Sun, X., Frosch, M. P., and Selkoe, D. J. (2003) Enhanced
proteolysis of beta-amyloid in app transgenic mice prevents plague
formation, secondary pathology, and premature dééghyon 40
1087-1093.

Sun, M., Gao, Q. S., Kirnarskiy, L., Rees, A., and Paul, S. (1997)
Cleavage specificity of a proteolytic antibody light chain and
effects of the heavy chain variable domaih,Mol. Biol. 271
374-385.

Boder, E. T., Midelfort, K. S., and Wittrup, K. D. (2000) Directed
evolution of antibody fragments with monovalent femtomolar
antigen-binding affinity, Proc. Natl. Acad. Sci. U.S.A. 97
10701-10705.

B10492354



