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ABSTRACT. 3-Amyloid (Ap) is a major pathological determinant of Alzheimer’s disease (AD). Both active
and passive immunization studies have shown that antibodies agg#iase &ffective in decreasing cerebral

Ap levels, reducing A accumulation, and attenuating cognitive deficits in animal models of AD. However,
the therapeutic potential of these antibodies in human AD patients is limited because of adverse
inflammatory reactions and cerebral hemorrhaging associated with the treatments. Here we show that
single chain variable fragments (scFVv’s) represent an attractive alternative to more conventional antibody-
based therapeutics to reducg Aoxicity. The binding affinities and binding epitopes of two different
scFv’'s to A3 were characterized using a surface plasmon resonance (SPR) biosensor. An scFv binding
the 17-28 region of AS effectively inhibited in vitro aggregation of Aas determined by thioflavin T

(ThT) fluorescence staining and atomic force microscopy (AFM) analysis, while an scFv binding the
carboxyl-terminal region of A (residues 29-40) did not inhibit aggregation. The scFv to the-128

region when co-incubated with/Anot only decreased aggregation but also eliminated any toxic effects

of aggregated A on the human neuroblastoma cell line, SH-SY5Y. The ability of scFv’s to inhibit both
aggregation and cytotoxicity ofAindicates that scFv's have potential therapeutic value for treating AD.

Alzheimer’s disease (AD),a widespread aging-related decreasing aggregate burden in the bréil, (16), and
neurodegenerative disease, is characterized by neuronal losgeducing inflammation associated withsAleposition 17,
and the presence of amyloid plaques and neurofibrillary 18). Active immunization against aggregated feduced the
tangles. A primary component of the amyloid plaques is presence of existing fibrils and inhibited formation of new
p-amyloid, a short natively unfolded protein (482 amino ones, reducing neurotoxicityt®, 20) and associated memory
acids), that can assemble into a number of different mor- impairment (2, 20, 21). Passive immunization with antibod-
phologies including soluble oligomers, protofibrils, and ies against & also reduced amyloid depositio@X—24),
insoluble fibrils, all of which seem to be neurotoxit<4). cleared existing A& plaques, reduced the concentration of
It is not known what roles the various different morphologies soluble peptide 42), and reversed A-induced memory
play in the development of AD, although growing evidence deficits 25—27). Antibodies can alter A& aggregation
suggests the soluble oligomers may be a critical componentthrough several different mechanisms including blocking
in AD pathology 6—8). nucleation sites, disrupting preexisting fibrils, or inhibiting

Potential therapeutic approaches for AD include reducing fibrillogenesis (9). In addition, antibodies can influence5A
Ap synthesis by targeting the enzymes that process APP toequilibrium between brain and plasma by binding plasma
Ap peptide 9—11), increasing the clearance offfoeptides Ap (23, 28), indirectly drawing A6 from the brain 29, 30).
from brain (L2, 13), inhibiting A5 aggregation 14, 15), Finally, since antibodies have been shown to cross from
periphery to the brain, they can bingBAaggregates in brain
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adequately controlled. Single chain variable domain antibody Production of Soluble SeFand ELISA.Plasmid DNA
fragments (scFv’s) represent a promising immunotherapeuticfrom the positive clones identified with phage ELISA was
approach since they do not contain the antibody Fc regionisolated and transformed into the nonsuppreEsaoli strain
responsible for activating the complement response. In HB2151 @4) for production of soluble scFv. Following the

addition to a reduced risk of an inflammatory response,

scFv's have a much lower molecular weight than a full
antibody, potentially facilitating transfer into the brain.

Antibodies isolated against the amine terminal gfwere

procedure as described earlidB), clones were grown, and
scFv production was induced by addition of 1 mM isopropyl
[-b-thiogalactopyranoside (IPTG). Supernatant samples were
obtained by centrifugation at 1500 min at 4°C. Amine-

shown to assist in plague clearance and reduction of neuroticbinding 96-well plates (Corning) were coated with A6/

pathology 22, 24, 40, 41) while antibodies against the central
region of A3 do not recognize amyloid plaques but can
generally bind soluble Aand reduce plaque depositigj.

mL of AB1—28 or AG1—40. Supernatant was added to the
wells, and the samples were allowed to standfb atroom
temperature. Soluble scFv was detected by an anti-myc

Here we show that scFv's isolated from phage display antibody conjugated to HRP (Santa Cruz Biotechnology,
libraries may be useful alternatives to antibodies as thera-Santa Cruz, CA) at a 1:500 dilution.

peutics for AD. We isolated two scFv's to non-amino-
terminal regions of & and show that these scFv's, particu-
larly the one binding the 728 region of A3, can be used
to inhibit both A3 aggregation and cytotoxicity.

EXPERIMENTAL PROCEDURES

Biopanning Using the ScaFLibrary. All chemicals were
obtained from Sigma-Aldrich (St. Louis, MO) unless other-

The clone with the highest ELISA readings againstlA
28 (H1) and another againstfA—40 (C1) were selected
for further study. The affinity of the H1 scFv to/A—40
was improved through affinity maturation by randomizing
the CDR3 light chain region resulting in H1v2.
Production and Purification of sc# Soluble scFv’s from
the two selected clones (H1v2, C1) were produced from 4
L culture volumes grown in four sepaeal L shake flasks
as described above. The supernatant and periplasmic fractions

wise indicated. A naive human single chain variable domain from the culture were combined, passed through a.@n2

(scFv) phage library42) was obtained from the Medical

filter (Whatman, Clifton, NJ), and concentrated in a tangen-

Research Council (Cambridge, England). Phage selection wasial flow filter (Millipore, Bedford, MA) using a 10 kDa

performed using four rounds of panning with slight modi-
fications to the procedure originally described by Maek3) (
Amine-binding 96-well plates (Corning Inc., Corning, NY)
were coated with either A1—28 or A31—-40 at 10ug/mL

in 50 mM carbonatebicarbonate buffer, pH 9.6, overnight
at 4°C. The plates were then blocked with 3% milk powder
in PBS (10 mM phosphate, 150 mM NacCl, pH 7.4). Aligouts
of the phage library, 18 phage titer units, were incubated
with the immobilized peptides f@ h atroom temperature.
Bound phage were eluted with 7.18 M triethylamine and
neutralized wih 1 M Tris-HCI, pH 7.4. Phage titers were
determined by infecting=scherichia colicells and using
serial dilution on agar plates containing ampicillin (109
mL). Eluted phage were subsequently amplified by infecting
E. coli TG1 in the presence of helper phage VCSM13
(Stratagene, La Jolla, CA) as describéd)( The phage were
further purified using poly(ethylene glycol)/NaCl precipita-

cutoff filter (Millipore, Bedford, MA). Concentrated samples
were dialyzed overnight against 0.5 M Na{BS and
purified either using a HiTrap chelating HP column (Am-
ersham Biosciences, Piscataway, NJ) charged with NiSO
or using a protein A column as described5). Protein
fractions from the NiS@column were eluted with 1025
mM imidazole and dialyzed overnight into PBS. The eluates
were analyzed by SDSPAGE on 15% polyacrylamide gels
(Bio-Rad, Hercules, CA).

A3 Fragments A1—-16, A31—-28, and A320—29 were
purchased from Bachem (Torrance, CA).31-40,
ApL7—-28, A329-40, and A325—35 were from Biosource
(Camarillo, CA). For aggregation experiment$1A-40 was
dissolved in 100% 1,1,1,3,3,3-hexafluoro-2-propanal (HFIP)
to 2 mg/mL, sonicated in a water bath for 10 min, aliquoted
in microcentrifuge tubes, dried under vacuum, and stored at
—20 °C. Immediately prior to use, the HFIP-treate@ 1A~

tion and resuspended in PBS also essentially as describedio was dissolved in dimethyl sulfoxide (DMSO) to 20 mg/

(43).
Screening of Posite Clones by Phage ELIShdividual

mL and diluted with PBS to the proper concentration.
Epitope Mapping by Surface Plasmon Resonance (SPR).

clones obtained after the fourth round of panning were SPR binding studies were performed using a BlAcore X
selected as described (www.mrc.cpe.cam.ac.uk). Amine-biosensor (BlAcore, Inc., Uppsala, Sweden). A CM5 sensor

binding 96-well plates (Corning) were coated withf1-
28 or A31—40 at 10ug/mL in PBS, pH 9.0, overnight at 4
°C. The plate wells were blocked with 3% milk powder in

chip was activated as recommended by the manufacturer
using an equimolar mix of NHS\thydroxysuccinimide) and
EDC [N-ethyl-N'-(dimethylaminopropyl)carbodiimide], coupled

PBS, pH 7.4. Aliquots of the supernatant obtained from each with 20 ug/mL of A340 in pH 4.8 sodium acetate buffer,

clone (100uL/well) were added to individual wells and

and then blocked with ethanolamine. Samples BLA16,

incubated at room temperature for 2 h. Bound phage wereA517—28, and A829—40 were each immobilized onto

detected using an anti-M13 antibody conjugated to horse-

separate CM5 sensor chips (BlAcore). H1v2, C1, and a

radish peroxidase (HRP) (Amersham Pharmacia Biotech, control scFv against phosphorylaséanti-plb) were diluted

Piscataway, NJ) at 1:5000 dilution. Substrate,’,3,3-

to 0.5 mg/mL in the HBSEP running buffer [0.01 M

tetramethylbenzidine (TMB), was added, and the reaction HEPES, 0.15 M NaCl, 3 mM EDTA, 0.005% (v/v) surfactant

was stopped after 30 min wit2 M H,SO, (VWR, West

P20, pH 7.4] (BlAcore) and injected over the chips contain-

Chester, PA). Absorbance was calculated as the differenceing immobilized A31—16, A317—28, or A529—40 at a flow

between Olgso and ODsp values using a Wallac 1420 plate
reader (Perkin-Elmer, Gaithersburg, MD).

rate of 1QuL/min. Guanidine hydrochloride (6 M) was used
as a regeneration buffer. Data collected represent the value
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of the observed response units (RU) obtained in the sampleand 1% penicillin/streptomycin antibiotics in 5% &t 37

cells minus the RU obtained from a reference cell.
Binding Kinetics Affinity measurements were performed
using a BIAcore X biosensor (BlAcore). ScFv samples were
prepared by dilution into HBSEP buffer (BlAcore). The
association and dissociation rate constakiadky) were
determined using different H1v2 concentrations (624, 832,

1248, 1663, 2494, 3325, and 4988 nM) and C1 concentra-

tions (3977, 5170, 6465, 8167, 12931, and 17241 nM) with
HBS—EP as a running buffer at a flow rate of aQ/min.
Samples of 45L were injected. Dissociation data were
collected while flowing running buffer for 120 s. Kinetic

°C. Cells were harvested from flasks and plated in 96-well
polystyrene plates with approximatelyx110* cells per 100
uL of medium per well. Plates were incubated at°&7for

24 h to allow cells to attach. 240 (20uM) alone and with
equimolar concentrations of H1lv2, C1, or control protein
BSA were preincubated for 18 days before addition to cell
cultures. A8 samples were diluted with fresh medium to a
final AB40 concentration of 100 nM in the cell culture well.
The same volume of medium was added to control cultures.
Plates were then incubated for an additional 72 h at@7
Cell viability was determined using an MTT [3-(4,5-

parameters were evaluated using BlAevaluation 3.1 softwaredimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] tox-

(BlAcore).

Thioflavin T (ThT) Fluorescence Assajn aliquot of the
Ap40 stock solution was diluted to 2(M in PBS, pH 7.4,
and incubated at 37C without shaking in a 0.5 mL
Eppendorf PCR tube. For initial studies with scFv mixtures,
ApB40 was mixed with equimolar concentrations of each of
the two different scFv’s to a final A40 concentration of 20
uM. Fluorescence emission of ThT is shifted when it binds
to B-sheet aggregate structures such as amyloid fibtis (
A aggregation was measured by periodically removing 30
uL aliquots from the incubation samples and adding them
to 2 mL of 5uM ThT solution (50 mM phosphate buffer,

icity assay with addition of 1@L of 5 mg/mL MTT to each

well (51). After incubation fo 3 h at 37°C, the plates were
centrifuged, and the medium was aspirated from each well.
MTT dissolvent (100uL) (0.1 N HCI in 2-propanol) was
added to each well. Plates were agitated at room temperature
for 15 min to dissolve crystals. The absorbance was measured
at 560 nm using a Victor Wallac multiwell assay plate reader
(Gaithersburg, MD). Averages from six replicate wells were
used for each sample and control, and each experiment was
repeated three times. Cell viability was calculated by dividing
the absorbance of wells containing samples (corrected for
background) by the absorbance of wells containing medium

pH 6.5). Fluorescence intensity was monitored at an excita-alone (corrected for background).

tion wavelength of 450 nm and an emission wavelength of

482 nm by a Shimadzu PF-3501PC spectrofluorophotometerRESULTS

using 1 cm light-path quartz cuvettes with both excitation

and emission bandwidths of 5 nm. Readings were the results
of the average of three values determined by a time scan

after subtracting out the fluorescence contribution from free
ThT. Each experiment was performed in triplicate. Standard
errors were analyzed using Excel software.

Atomic Force Microscope (AFM) Imagind-(3-Amino-
propyl)silatrane- (APS-) modified mica was used as an AFM
substrate 47, 48). Samples of 2L were placed on APS-
modified mica for 2 min, rinsed with deionized water, and
dried with argon as described earlid7( 48). Images were
acquired in air using a MultiMode SPM NanoScope |llI
system (Veeco/Digital Instruments, Santa Barbara, CA)
operating in tapping mode using silicon probes (Olympus).
To determine filament widths, either circular plasmid DNA
was codeposited onto samples or circular plasmid DNA

Phage Selection Using the SclEibrary. Screening of
scFv phage libraries was performed usinglA-28 or A31—

40. Titer units of the eluted phage generally show an increase
from approximately 18-1C° after the first round to 10after

the fourth round of panning. Phage eluted from the fourth
round were used to infe&. coli TG1. The strongest binding
clone against 40 (C1) as indicated by ELISA was used
for further studies. H1v2 was selected on the basis of ELISA
as the strongest binding clone generated after one round of
affinity maturation of the parent H1.

Epitope MappingBoth purified scFv's showed a single
predominant 29 kDa band by SB®AGE (Figure 1A). To
determine to which epitope of/Aeach of the scFv binds,
we separately fixed ALl—16, A317—28, and A529—40 to
CM5 chips and then measured the association of the two

samples were imaged using a single tip immediately before different scFv samples to each of the peptides. The associa-

and after imaging of protofibril samples. DNA is a con-
venient standard (2 nm wide filaments) to determine the
filament diameter of other samples from AFM data. Width

tion curves clearly indicate that H1v2 bindsgRA7—28
(Figure 1C) and C1 binds/#29—40 (Figure 1D), while none
of the scFv's bound to A1—16 (Figure 1B).

measurements were ascertained from the AFM images using Binding Kinetics of sck to Monomer &1-40. The

Femtoscan software (Advanced Technologies Center, Mos-

cow, Russia). The diameters of fibrils were retrieved from
the AFM width data V) using a simplified expression for
W and the filament radiiR; and R,, respectively): W2 =
16R;R,. This expression was a simplified version of the

associationk) and dissociationky) rate constants and the
dissociation constant&f = ky/kg) of H1v2 (Figure 2A) and
C1 (Figure 2B) for 4640 were determined (Table 1). The
higher affinity of H1v2 Kp = (2.47 4+ 0.122) x 1077 M]
compared to C1Kp = (1.63+ 0.74) x 1076 M] is primarily

expression obtained in assuming a spherical shape of thedue to differences in the association rate constantather

AFM tip (49). Nanoscope software version 5.12 was used

than in the dissociation rate constaky,

to determine the root mean square (rms) values for each of ScF Inhibition of A31—40 AggregationWe investigated

the images.

Cytotoxicity Assay.Human neuroblastoma cells (SH-
SY5Y) were maintained in medium with 40% minimal
essential medium (MEM), 40% Ham'’s modification of F-12,
18% fetal bovine serum (FBS), 1%glutamine (3.6 mM),

the extent to which the scFv’s could inhibit aggregation of
Ap using a ThT assay to monitor the3faggregation rate
and AFM analysis to follow £ aggregate morphology. ThT
is a fluorescent dye that specifically binds to fibrillar
structures 46). Incubation of A61—40 alone shows a time-
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FiGURE 1: SDS-PAGE analysis of purified recombinant scFy FIGURE 3: Effects of scFv on aggregation of5A0. The kinetics
antibody and epitope mapping by SPR for scFv. (A) SIPRAGE of A51-40 (20 uM) fibril formation was monitored by ThT
analysis of purified recombinant scFv antibody.~B) Epitope fluorescence in the absence and presence of equimolar concentra-
mapping by SPR. A1—16 (B), A317—28 (C), and 429—40 (D) tions (20uM) of H1v2 and C1, respectively. The samples were
were coupied to CM5 chips, respectively. H1v2, C1, and anti-plb incubated at 37°C, and 30uL of the samples was removed
scFv were passed over the surfaces of ligands atl¥fin in periodically and added t0.2 mL ofdtM ThT. Fluorescence IntenSI.ty )
HBS—EP running buffer. Data were collected from response units Was measured at an excitation wavelength of 450 nm and emission
(RU) obtained in the sample cell minus RU from the reference cell. Wavelength of 482 nm. Readings were the results of the average
of three values determined by a time scan after subtracting out the
fluorescence contribution from free ThT. Each experiment was
dependent increase in fluorescence with a characteristic lagperformed in triplicate.
time as the 40 begins to aggregate (Figure 3). Co-
incubation of A3 with equimolar concentrations of each of Table 1: Association, Dissociation, and Equilibrium Constants for
the two scFv's showed differential effects on aggregation, SCFv Binding to 4840

H1v2 inhibiting aggregation, while C1 had little effect on affinities

aggregation (Figure 3). Co-incubation of 20 A 540 with ka (x10*Ms™Y) kg (x1073s7%) Kp (x1076 M)
equimolar concentrations of either a nonspecific control scFv — 7,5 101+ 4.61 2.15¢ 0.138 0.247+ 0122
or a nonspecific control protein (phosphoryldgeresulted Cc1 2.154+ 1.08 3.51+ 0.63 1.63+ 0.74

in rapid precipitation of the protein mixtures, precluding
determination of aggregation kinetics for these control and many thin protofibrils (Figure 4A), in agreement with
samples by ThT staining (data not shown) or by AFM. numerous other studies; however, we did not detect the
AFM images were also used to examine morphological presence of significant amounts of fibrils, likely because of
differences in the & samples. After incubation for 30 days, the lower concentrations and higher temperatures used here
the sample containing 20M A 340 alone formed oligomers  (52—57). When A3 was co-incubated with either of the two
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Ficure 4: AFM images of A81—40 aggregation alone and with added scFv. AFM analysisg#fQAincubated alone (A, a), with H1v2 (B,
b), or with C1 (C, c) for 30 days at 37TC. (A—C) Scale bars= 1 um. (a—c) Scale bars= 250 nm.Z-scale: 100 nm.

T - - - -

scFv’'s, we could not find evidence of any filaments after  Cytotoxicity of 4 Incubated with or without sck

30 days (Figure 4B,C). The aggregates formed in tfid®A Cytotoxicity toward SH-SY5Y cells was measured using
sample co-incubated with C1 were much larger than those samples of £40 alone (2Q:M) and equimolar mixtures of
formed in the 4640 sample co-incubated with H1v2 (Table Ap40 with each of the two scFVv's after preincubation for
2). Even though the total protein concentration in th& A 18 days at 37C to allow aggregates to form. The samples
scFv mixtures was twice as high as that g#49, the total were diluted to a final £40 concentration of 100M and
aggregate formation in the0/scFv mixtures was less than incubated with SH-SY5Y cells for 72 h. ThepfAonly

that formed by 440 alone, confirming that binding of H1v2  aggregated sample showed around a 30% decrease in MTT
to A inhibits aggregation of both 40 and H1v2. activity compared to control cells, while the sample co-
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Table 2: Height Distribution Analysis (in %) of Aggregates fragments (scFv’'s) do not include the Fc portion of the

Obtained by AFM Images of Samples of 20 AB40 Alone and antibody, and therefore these antibody fragments cannot
with Equimolar ScFv after Incubation for 30 Days at 37 initiate the complement cascade and limit the inflammatory
molecule height (nm) response upon binding topeptide. Passive immunization

with scFVv’s also should not stimulate T-lymphocyte activity,

<05 0.5-1.5 1.5-25 250.35 3.54.5 4555 _ )
which can lyse cells that overproduces A&and trigger an

Ap40 alone 97.9 09 0.4 0.2 0.1 0.1 - - ; :
ABAO wWith H1v2 822 147 20 0.6 0.2 01 mflamma_tory responsesy), nor shou[d it activate microglia
AB4OWIthCl 587 200  12.0 6.3 1.4 0.6 cells, which could also result in a widespread inflammatory
response. Here we demonstrate that scFv's can effectively
120 - inhibit A aggregation and also prevengAnduced neuro-

toxicity. The H1v2 scFv to the central section gf fresidues
17-28) inhibited the extent of aggregation ofA0 as
80 - determined by ThT staining (Figure 3), while H1v2 and C1
(binding the C-terminal region of #) both altered the
morphology of the aggregates. Analysis of the images
40 - indicate that when 840 is incubated by itself for 30 days,
it overwhelmingly formed long thin filaments (Figure 4)
having diameters less than 0.5 nm (Table 2). However, when
0 Ap40 is co-incubated with H1v2, no filaments are observed,
Ab40  H1V2+Ab40 C1+Ab40 and the roughly spherical aggregates formed were predomi-
Ficure 5: Comparison of toxicity of £40 and /840 co-incubated  nantly small with over 80% having diameters less than 0.5
with H1v2 or Cl. 20uM ApS40 with or without the same g an additional 15% with diameters less than 1.5 nm.

concentration of H1v2 or C1 was incubated at°€7for 18 days. . . . . .
10 4L of the samples was added to plates with the final concentra- WNen Ap40Q is co-incubated with C1, again no filaments are

tion of all samples being 100 nM. The absorbance of dissolved 0bserved; however, the aggregates were substantially larger
crystals was measured at 560 nm. Data shown are expressed as thfian observed when Awas incubated with H1v2. These

percentage of control values from three independent experimentsresults complement and extend a recent report that indicated
with each experimental value being the average of six trials. that a monoclonal antibody directed against the central
domain of A3 (amino acid residues ¥28) appeared to

incubated with H1v2 showed no reduction in MTT activity ;o mjetely prevent the formation of fibrils, while an antibody
and the sample co-incubated with C1 showed a much Sma”erdirected against an N-terminal domain off A&amino acid

increase £10%) in MTT activity compared to A alone  ojques +5) merely decreased the rate of fibril formation
(Figure 5). These results indicate that the H1v2 scFv can (69) ) y

provide protection from A-induced toxicity while C1 can ’
provide partial protection.

100

60 -

Cell viability
(MTT reduction % control)

20 -

Epitope mapping studies have traditionally employed
immunoblot, ELISA, and immunoprecipitation assa§8)(
DISCUSSION Here we _show that surface plasmon_ resonance (SPR) _based

optical biosensors can be a effective method for epitope

A number of different immunization strategies for clearing mapping, the results clearly showing that the H1v2 scFv
ApB in the brains of AD patients have been proposed or specifically binds A£17—28 while the C1 scFv specifically
studied 84) including active A8 immunization by either & binds A329—40. Unlike typical ELISA protocols, SPR does
peptide interval injection 16, 20, 21, 58, 59) or nasal not require a washing step to remove unbound material, and
administration with 48 peptide or phage peptiddZ, 40, binding is monitored in the presence of unbound substrate,
60) and passive immunization with monoclonal or poly- making it possible to characterize low-affinity and transient
clonal antibodies by intravenous or intracerebroventricular interactions 70).
peritoneal injection 13, 23—25, 37, 39, 61). In general, Previous studies have indicated that regions-20 and
administration of 4 antibodies has decreased cerebral 30—35 of A play critical roles in the aggregation and
amyloid burden and Alevels and has also attenuated plaque cytotoxicity of AS (71—77). The results here provide further
deposition, neuritic dystrophy, astrogliosis, behavior deficits, evidence for the importance of the 220 region, showing
and memory loss. However, immunization risks potentially that H1v2 strongly inhibits aggregation and toxicity of A
serious side effects as evidenced by the clinical signs andWhile C1 did not inhibit aggregation, in agreement with
symptoms of meningoencephalitis exhibited by a significant previous reports of antibodies to the C-termiried)( binding
number of AD patients who received active immunization in this region can still reduce /A induced toxicity. The
treatments 34, 62). In addition, post-mortem examinations majority of antibodies that reduce plague burden and that
after sustained systemic immunization in animal models of have been isolated from patients in the immunization trials
vascular amyloid showed perimicrovascular hemorrhages andare directed toward the N-terminal residues of the peptide
inflammation @6—38), likely due to an autoimmune inflam-  that are exposed and not involved in fibril structut8,22).
matory response. Inflammatory reactions and cell lysis may However, a monoclonal antibody raised againgtL6—24
be triggered by T-lymphocyte activation after active im- exhibits high affinity for soluble & and deceases brairnpA
munization 63, 64). In addition, anti-4¢ antibodies may bind  burden in mouse model23), suggesting that the H1v2 scFv
epitopes on CNS neurons that can also induce autoimmunesolated here, which binds a similar epitope, may also be
reactions §5). Finally, microglia activation and phagocytosis effective in clearing 4.
of insoluble aggregates may also result in inflammatory  There is some controversy as to whether antibody-
responses 66). Single chain variable domain antibody mediated clearance is dependent on the antibody Fc receptor.
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While some studies have indicated Fc-dependent phage-
cytosis by microglial cells and/or macrophages as being
important in clearancelg, 22), other reports indicate that a

non-Fc-mediated disruption of plaque structure may also

contribute to clearance&/8, 79). In the latter studies F(ap)
fragments prepared from an antBAantibody reduced

amyloid deposits as effectively as the intact antibody when 15
applied topically to the cortex of transgenic mice through a
craniotomy. A more recent report indicated that well-

characterized FcR-chain knock-out mice (FcR?) im-
munized with A342 exhibited a reduction in Aaccumula-
tion equivalent to the reduction in deposition seen f42-

immunized, age-matched, FcR-sufficient Tg2576 mice,
suggesting that anti/Aantibodies can reducefAdeposition
independent of FcR-mediated phagocytic eve®@ Further

evidence for a mechanism other than FcR-mediated clearance

of amyloid is provided by a recent study showing that
peripheral administration of two/Abinding agents, gelsotin
and GM-1 ganglioside, had a modest effect ghdeposition

in transgenic mice3l).

Our results indicate that scFv fragments isolated against
Ap can inhibit A3 aggregation and provide protection against
Ap-induced toxicity. There is strong precedent that the scFv's
isolated here may have potential application for treating AD
by decreasing amyloid burdens by themselves. In addition,
however, these scFv fragments can be combined with a
second scFv fragment to generate bispecific scR81that
contain an scFv to bind Aand inhibit aggregation as shown

here and a second scFv to promote clearance of this bound

complex from the brain.
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