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ABSTRACT. Alzheimer’s disease (AD) is characterized by the deposition of amyldi#dg) protein in the

brain. Immunization studies have demonstrated that afita#tibodies reduce /Adeposition and improve

clinical symptoms seen in AD. However, conventional antibody-based therapies risk an inflammatory
response that can result in meningoencephalitis and cerebral hemorrhage. Here we report on the development
of human-based single chain variable domain antibody fragments (scFvs) directed agaifs28ie34

region as potential therapeutics for AD that do not risk an inflammatory response. H#528gion of

A represents a promising therapeutic target since it promotes aggregation and is highly toxic. Two scFvs
with differing affinities for A3 were studied, and both inhibited aggregation ¢f4& as determined by
thioflavin T binding assay and atomic force microscopy analysis and blockeidduced toxicity toward

human neuroblastoma SH-SY5Y cells as determined by MTT and LDH release assays. These results
provide additional evidence that scFvs againStpkovide an attractive alternative to more conventional
antibody-based therapeutics for controlling aggregation and toxicityfof A

Alzheimer's disease (AD)is a progressive neurodegen- the neuropathology seen in AD®)( While early evidence
erative disorder characterized clinically by memory and implicated insoluble fibrillar forms of & with neurotoxicity
cognitive dysfunction and the presence of senile plaques and(10, 11), recent studies suggest that other morphologies of
neurofibrillary tangles (NFT)X). Although sporadic Alzhe-  Ap, including protofibrils and soluble oligomers, are more
imer’s disease is rare in individuals younger than 60 years neurotoxic (2—15). Additionally, soluble A concentrations
of age, the incidence increases with age, affecting up to 40%correlate better with AD pathology than fibrild6—18),

of people 85 years of age and olde?).( AD affects
approximately 15 million people worldwide, and the number
of affected individuals in the United States and Europe is
expected to triple by the year 2058, @), underscoring the

need to devise effective treatments or preventive interven-

tions. The senile plaques are composeg-amyloid (A5),
a cleavage product of amyloid precursor protein (APP),

further supporting a key role for soluble morphologies of
Ap in AD.

A number of different treatment strategies for AD have
been investigated including reducing Aynthesis by target-
ing enzymes that process APP t@ peptide (9), inhibiting
or reducing A8 aggregationZ0—22), increasing clearance
of A from the brain 20, 23, 24), and reducing inflammation

whereas NFTs contain aberrantly phosphorylated tau, aggsociated with A deposition 25, 26). Clearance of A by

microtubule-associated protei) (Abundant evidence now

active immunization with aggregatedgAinhibited fibril

suggests that a key event in AD pathogenesis is the{omation and improved memory deficits in animal models

conversion of the & peptide from soluble to aggregated
forms in the brain§). Ag is predominantly 4642 amino

of AD and also human patient27, 28). Administration of
anti-A3 antibodies reduced amyloid deposition, decreased

acids in length and is a normal, soluble proteolytic product {he plaque burden, and reversed memory deficits in animal
of the APP, a large integral membrane protein expressed algy,dies p9—33). Both active and passive immunization with

high levels in the braing). Studies of various mutations in
the APP and presenilin genes, all of which result in early
onset, autosomal dominant, familial AD, share a common
feature: they all increase®production or increase the ratio
of AB42/AB40 (7, 8). AB42 has a higher tendency to misfold
and aggregate compared t@40, leading to synaptic and
neuritic compromise and glial activation, contributing toward
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Ap results in activated microglial cells and phagocytosis
(33—35). However, intracranial administration of an anti-
Ap F(ab), fragment was as effective as administration of
the entire antibody in reducing/cortical load in a mouse
model of AD @3, 36), indicating that non-Fc-mediated
processes are also involved ingAclearance. While A
vaccination trials in humans were quickly halted due to signs
of aseptic meningoencephalitis in several patierd¥),(
follow-up studies did not show a correlation between anti-
Ap antibody titers and the incidence and severity of
encephalomyelitis3g). Potentially dangerous effects offA
immunization strategies including increase in cerebral mi-
crohemorrhaging and inflammation have been reported in
human and animal studie8%, 39, 40). Therefore, single
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chain variable domain antibody fragments (scFvs) representpH 9.0, overnight at £2C. ScFv supernatant was added to
a promising therapeutic approach for inhibiting toxi@ A each well and incubated f@ h atroom temperature. Anti-
aggregation since they do not contain the Fc region respon-myc 9E10 antibody (Santa Cruz Biotechnology) was added
sible for activating the complement response leading to to the wells followed by a secondary antibody, goat anti-
inflammation. The lack of Fc region at least removes one mouse IgG HRP conjugated (Santa Cruz Biotechnology).
potential risk factor associated with antibody-based therapy. TMB substrate (Sigma) was added to the wells, and the
The 25-35 fragment of 4 by itself is highly toxic to ~ reaction was stopped after 30 min by addition ofA00f
neurons 41_43), promotes aggregation of fu||_|engthﬁA 2 N H,SO.. Absorbance was read as a difference between
(44), and accumulates in AD brains in a racemized form ( OD 450 nm and OD 650 nm on a Wallac 1420 plate reader
to p-Ser 26) 65) Racemization of Ser and Asp occurs as (Perkin-Elmer). Clones ShOWing the h|gheSt abSOI’bance based
part of the normal aging procestlf, so the 25-35 fragment ~ On ELISA were selected for further studies.
can be produced in aged AD brains when the soluble ELISA was performed with purified scFvs to detect
racemized #4840 is proteolytically cleaved4§). Here we  binding to A340, A342, and the £ 2535 fragment. Wells
report the production of scFvs against th$ AR5—35 were coated with ZQM antigen concentration in PBS, pH
fragment from naive human phage display antibody libraries. 9-0, overnight at £C. Purified scFv («M concentration)
We show that these scFvs are effective in inhibiting the Was added to the wells. Values were calculated as the average
aggregation of &42 in vitro as well as reducing 42- of two different experiments after subtracting out control
induced neurotoxicity in cell culture studies. These results Wells without antigen.
suggest that scFvs may be part of a potential therapeutic for Production and Purification of Safs. For production of

treating AD since they can inhibit aggregation and reduce Soluble scFv, selected clones were growrai5 L culture
neuronal toxicity of A842 without risking an increased Volume using a BIOFLOW 110 fermentor (New Brunswick

inflammatory response. Scientific) under 35% dissolved oxygen concentrationyfdO
agitation at 250 rpm, and 30C. The supernatant was

EXPERIMENTAL PROCEDURES obtained by spinning the culture, and the cell pellet was
stored at—20 °C until periplasmic fraction preparation.

Bio-Panning Using the Phage Display Libran naive Briefly, the cell pellet was thawed on ice and treated with

human single chain variable domain (scFv) phage display 30 mM Tris-HCI, pH 8.0, 20% sucrose, and 1 mM ethyl-
library, Tomlinson | and J46), was obtained from the  enediaminetetraacetic acid (EDTA) for 20 min on ice. Cells
Medical Research Council (MRC, Cambridge, U.K.). ScCFV were spun down to obtain supernatant I. The cell pellet was
selection was performed using three rounds of panning treated again with 5 mM MgS@n ice for 20 min followed
essentially as described earliéi7 with slight modifications. by centrifugation to obtain supernatant Il. Supernatants | and
Amine-binding 96-well microtiter plates (Corning) were || were pooled together containing the periplasmic fraction.
coated with 1Qug/mL AS 2535 fragment (Biosource) in  The supernatant and periplasmic fractions (supernatants | and
PBS (10 mM phosphate, 150 mM NacCl, pH 9.0) overnight 1) were combined, passed through a @ua filter (What-

at 4°C. Plates were blocked with 2% milk powder in PBS  man), and concentrated using a tangential flow filter (MIli-
(10 mM phosphate, 150 mM NaCl, pH 7.4) for at least 2 h pore) using a 10 kDa cutoff filter (Millipore). Concentrated
at room temperature. An aliquot of *Qphage units from  samples were dialyzed overnight af@ against PBS and
the naive library was incubated with the peptide. Plates were purified using a protein A column as describetB)( The
thoroughly washed with PBS, pH 7.4, plus 0.1% Tween-20 e|uted fractions were analyzed by SBBAGE on a 15%
(Sigma) solution to remove any unbound phage. Bound polyacrylamide gel and also by Western blot using anti-myc
phage was eluted with trypsin (Sigma) in PBS (40 of 9E10 antibody (Santa Cruz Biotechnology).

trypsin stock solution in 50 mM Tris-HCI, pH 7.4, and 1~ Sequencing the Selected Clon&glected clones were
mM CaCl added to 45QL of PBS, pH 7.4).Escherichia  analyzed further by nucleic acid sequencing. Phagemid DNA
coli TG1 strain (provided by the MRC) was infected with  was purified with the Qiagen kit (Qiagen), according to the
the eluted phage, serially diluted, and plated on agar platesmanufacturer’s protocol, and sequenced at the Arizona State
containing 100ug/mL ampicillin to determine the phage  University DNA laboratory facility. Two sequencing primers
titers. Eluted phage was also amplified&ncoli TG1in the were used: the heavy chain primé&@GGA CCC GCC ACC
presence of KM13, a protease-cleavable helper phage assCcC GCT G-3 and the light chain primer’8STA TGC
described elsewheret). Amplified phage was purified GGC CcCC ATT CA-3.

using the polyethylene glycol (MW 6000)/NaCl precipitation  syrface Plasmon Resonance Analysifinity measure-
method as describemz) and used for further rounds of ments were performed using a BlAcore X biosensor (B|A_

selection. core Inc., Uppsala, Sweden). A CM5 sensor chip was
Production of Soluble SeFand ELISAEIluted phage from  activated using an equimolar mix of NHS8Il-hydroxysuc-
the third round of selection was used to infd€t coli cinimide) and EDC [N-ethylN'-(dimethylaminopropyl)-

HB2151 a nonsuppressor strain used for production of carbodiimide], coupled with 2Q:g/mL AB40 in pH 4.8
soluble scFv antibody. Individual clones were grown es- sodium acetate buffer, and then blocked with ethanolamine.
sentially as described (). ScFv expression was induced by The A5 25—35 fragment was immobilized onto a separate
adding 1 mM isopropyl3-p-thiogalactoside (IPTG). The  CM5 sensor chip. ScFv samples were diluted in HBS-EP
plates were centrifuged at 189Cor 10 min, and the buffer (BlAcore). The association and dissociation rate
supernatant was used to screen for positive scFvs usingconstantsk; andky, respectively) were calculated using the
ELISA. Amine-binding 96-well ELISA plates (Corning) were  following concentrations for D4 (260, 200, 100, and 50 nM
coated with 1Qug per well of A3 25—35 fragment in PBS,  for A340 and 4700, 2800, 1900, 960, and 350 nM fgt A
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25—-35) and B6 (1900, 950, 475, 260, and 200 nM fgt4Q B
and 3000, 2000, 1000, and 500 nM fgf26—35) with HBS-
EP as a running buffer at a flow rate of 2Q/min. The -
association and dissociation constants for the scFv were AT
— e s ST

calculated by fitting the data to a single binding model.
Kinetic parameters were evaluated using BlAevaluation 3.1
software (BlAcore).

Fluorescence-Based Aggregation AssHyioflavin (ThT)
associates rapidly with aggregated fibrils g840/42 peptide, D4  B6 MW
giving rise to an excitation maximum at 450 nm and
enhanced emission at 482 na9). A542 peptide (Biosource)

29kD

; ; _ _ Ficure 1: (A) SDS-15% PAGE gel stained with Coomassie blue
was dissolved in 1,1,1,3,3,3-hexafluoro-2 propanol (HFIP) showing purified B6 and D4 scFvs. Lanes: 1, D4 scFv; 2, B6 scFv;

(Sigmay; aliquots were removed, air-dried, and storeé2l 3 'standard molecular weight markers. (B) Western blot detection
°C until further use. Each aliquot was further dissolved in of scFv. Purified scFvs D4 and B6 were resolved on 15% SDS

100% dimethyl sulfoxide (DMSO) (Mallinckrodt) at a PAGE and transferred to a nitrocellulose membrane. ScFv was
concentration of 221.6M. For aggregation purposesfA2 immunodetected using an anti-myc 9E10 antibody. A 29 kDa band
stock in DMSO was diluted to 20M concentration in PBS, indicates the full size scFv. Lanes: 1, D4 scFv; 2, B6 scFv.

pH 7.4, and incubated at 3T in 0.5 mL Eppendorf tubes.
To study the effects of scFvs on aggregatiofi4& was
mixed with equimolar concentrations of each of the two
scFvs to a final concentration of 20M. Aggregation at

aspirated off from the wells prior to adding dissolvent (0.1
N HCI in 2-propanol) to each well to dissolve the crystals.
The absorbance was measured at 560 nm wavelength using
. T ) a Victor Wallac multiwell plate reader (Gaithersburg, VA).
dl_fferent time intervals was measumd by removingu10 LDH release was measured using an LDH release toxicity
aliquots of the sample and adding them to 2 mL giMd kit (Sigma). Following the protocol provided by the manu-
ThT solution (50 mM phosphate buffer, pH 6.5). Fluores- ¢, rer, cells were centrifuged, and 50 of media from
cence intensity was measured at an excitation wavelengthg,ch well was transferred to a fresh plate. An aliquot of 25
of 450 nm and an emission wavelength of 482 nm using a | ot the | DH assay mixture (equal volume of substrate,
Shimadzu PF-3501PC spectrofluorophotometer. Data Wer€en,yme, and dye) was added to each of the wells, and the
reported as the mean of three values determined by a timeéy|ate was incubated for 30 min at room temperature in the
scan after subtracting the fluorescence with ThT alone. 45k, The reaction was stopped by additiort/gtth volume
Atomic Force Microscope (AFM) Imaging of Aggregates. ot 1 N HCl to each well. Absorbance was measured as a
AFM was used to analyze the morphology of thg4®  ifference between 490 and 690 nm wavelengths. For both
aggregates over time in the presence or absence of SCFVS\\TT and LDH release assay, six wells were used for each
Aliquots were removed from the samples and immediately gample and each experiment was repeated three times. Cell
spotted on freshly cleaved mica. After 2 min the mica was japility and LDH release were determined by dividing the
washed with 20QiL of deionized water, dried with com-  5psarhance of treated wells by the absorbance of wells
pressed nitrogen, and completely air-dried under VaCuUM. coniaining medium alone. Data were analyzed by using

Images were acquired in air using a mulimode AFM gxcE| software to calculate the standard deviation from
nanoscope IlIA system (Veeco/Digital Instruments) operating the mean for each condition and plotted as a percentage of
in the tapping mode using silicon probes (Olympus). control values.

Cytotoxicity Assays: MTT and LDH Release AsSaye
human neuroblastoma cell line, SH-SY5Y, was obtained RESULTS
from the American Tissue Culture Collection. Cells were  ScFvs against the A25—35 peptide were selected from
grown in medium containing 50% minimal essential medium a human naive phage display antibody library after three
(Invitrogen), 50% Ham'’s modification of F-12 (Invitrogen), rounds of panning. The two clones with the highest ELISA
10% fetal bovine serum (Sigma), 1% MEM nonessential values out of 96 screened, B6 and D4, were selected for
amino acids (Gibco), and a 1% mix of the antibiotics further studies. Purified scFv from each clone showed the
penicillin, streptomycin, and amphotericin antifungal (Gibco) expected 29 kDa band on SBBAGE (Figure 1A), as
in 5% CQ at 37 °C. Cells were plated in 96-well tissue verified by immunoblot using anti-myc 9E10 antibody
culture treated plates (Corning) at approximately &€élls (Figure 1B). Several minor smaller bands were also detected
per well in 100xL of medium and incubated for 24 h to  on the immunoblot, indicating some minor degradation of
allow attachment to the bottom of the wells. Media were the scFv during purification. The B6 and D4 scFvs were
aspirated off and replaced with 100 of serum-free media. = analyzed by nucleic acid sequencing, and the deduced amino
Samples of 20uM Ap42 alone or with the equimolar acid sequence is shown (Figure 2).
concentrations of scFv were incubated, and aliquots were The affinities of the two scFvs to/A25—35, A340 and
removed at various time points. Aliquots were diluted with Ap42, were determined by ELISA (Table 1). In addition,
medium to a final concentration of 100 nM and added to the associationk) and dissociationky) rate constants and
the wells. Plates were incubated for an additional 48 h at 37 dissociation constant&g = ki/kq) of D4 and B6 for A340
°C. Cell viability was determined using both MTT toxicity and the A 25—35 fragment were also determined (Table
and LDH release assays. For the MTT assayullOof 5 2). D4 shows higher affinity compared to B6 fo40 (Table
mg/mL MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltet-  2) whereas B6 has slightly higher affinity for the3 25—
razolium bromide] was added to each well and incubated 35 fragment (Table 2), primarily due to difference in the
for 3 h at 37°C. Cells were briefly centrifuged and media respectivek, values.
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MKYLLPTAAAGLLLLAAQPAMAEVQLLESGGGLVQPGGSLRLSCAASGFTFSSY------ B6 ScFy------
MKYLLPTAAAGLLLLAAQPAMAEVQLLESGGGLVQPGGSLRLSCAASGFTFSSY------ D4 ScFv-----
AMSWVRQAPGKGLEWVSTIGTAGAYTAYADSVKGRFTISRDNSKNTLYLQMNS-----B6 ScFv-----
AMSWVRQAPGKGLEWVSYIDNTGSATSYADSVKGRFTISRDNSKNTLYLQMNS-----D4 ScFy-----
LRAEDTAVYYCAKSAATFDYWGQGTLVTVSSGGGGSGGGGSGGGGSTDIQMTQ----B6 ScFv-----
LRAEDTAVYYCAKASASFDYWGQGTLVTVSSGGGGSGGGGSGGGGSTDIQMTQ----D4 ScFv-----
SPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPKLLIYAASALQSGVPLRF----B6 ScFv-----
SPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPKLLIYAASTLQSGVPSRF----D4 ScFy-----
SGSGSGTDFTLTISSLQPEDFATYYCQQSYAGPTTFGQGTKVEIKRAAAHHHHHH----B6 ScFv-----
SGSGSGTDFTLTISSLQPEDFATYYCQQSATNPSTFGQGTK VEIKRAAAHHHHHH----D4 ScFv-----
GAAEQKLISEEDLNGAA¥* ------- B6 ScFy---------

GAAEQKLISEEDLNGAA*------- DY v —

Ficure 2: Deduced amino acid sequence of the variable heavy chajng variable light chain (M region of anti-AG 25—35 scFvs
B6 and D4 shown as an alignment. The linker sequence betweensthad/\[ is shown in italic and underlined. Variability between B6
and D4 residues are shown in bold and italics primarily located within the CDR regions of the heavy and light chain.

Table 1: Binding of D4 and B6 to p40, A342, and the £ 25—-35
Fragment by ELISA

AB1-40 AB1-42 AB 25-35

D4 scFv 0.687 0.183 0.464£ 0.122 0.572£ 0.073
B6 scFv 1.88H-0.218 1.96G+ 0.277 1.874t 0.177

Table 2: Association, Dissociation, and Equilibrium Constants for
ScFv Binding to 4840 and the £ 25—35 Fragment Determined by
BlAcore Analysis

Ka(x10*M s71) Kg(x103sh) Kp(x1077) 2

D4 (AB40) 135 2.97 022 168
B6 (AB40) 11.6 2.8 241 282
D4 (AB 25-35) 4.79 3.34 6.97  1.98
B6 (AB 25-35) 8.65 1.96 226 3.5

We assessed the ability of the two selected scFvs to inhibit
Ap42 aggregation using both the ThT binding assay and |
AFM imaging. When incubated alone,5A2 showed the
expected time-dependent increase in fluorescence, reachin
a plateau value after approximately 50 h (Figure 3). When §
co-incubated with equimolar D4 or B6, howeverS42
aggregation was strongly inhibited (Figure 3). When incu-
bated alone at similar concentrations, D4 and B6 did not |
increase fluorescence (Figure 3). Th@4® sample alone

[
o

=
2 25
ﬁ 20 —o—A-Beta 42
§ —=—A-Beta 42+D4
8 —a—A-Beta 42+B6 ) - )
g —s— D4 alone FIGURE 4 AFM images of 48642 (20uM) alone or with equimolar
] —%— B6 alone concentrations (2@M) of D4 and B6 scFvs: 42 alone at 0 h
i (A), 3h (D), 6 h (G) and 50 h (J); p42 and D4 scFvt0 h (B),
".§ 3 h (E), 6 h (H), and 50 h (K); A42 and B6 scFvt0 h (C), 3 h
. , : , , (F), 6 h (1), and 50 h (L).
0 10 20 30 40 50
Time (hours) contained small aggregates at 0 h, forming larger spherical
Ficure 3: Effect of D4 and B6 scFv on aggregation of42. aggregates after 3 én6 h of incubation and, finally, a

Aggregation kinetics of £42 was measured alone or in the mixture of AS fibrils and large aggregates after 50 h as
presence of scFvs D4 and B6, using ThT fluorescence assay. 20visualized by AFM imaging (Figure 4). Whenp42 was

uM Ap42 alone or with equimolar concentrations of either D4 or co-incubated with D4 and B6, however, only small ag-

g 62\,4\;&53?0;23 tgg %t g;Ks:firﬁca(b)gtli_oiaﬂgeagggdret?%V;dLa;tm%3' gregates were obtained even after prolonged incubation times

ThT. Fluorescence intensity was measured at an excitation wave-(Figure 4), although the B6 sample formed larger aggregates
length of 450 nm and emission wavelength of 480 nm. compared to D4. D4 and B6 when incubated alone also
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FiGUrRe 5: Effect of scFv on £42 induced neurotoxicity toward by MTT (A) and LDH (B) assays. 2@M A 342 was preincubated
SH-SY5Y human neuroblastoma cells as determined by MTT (A) for either 3 or 50 h before adding an equimolar concentration of
and LDH (B) assays. 2&kM Ap42 alone or with equimolar  either D4 or B6. Fo 3 h preincubated B42, samples were
concentrations of either D4 or B6 was incubated at@7Samples incubated for a furthe3 h before adding the samples to the cells.
were taken at 0, 3, and 50 h postincubation and added to the cellsFor 50 h preincubated 42, samples were incubated for an
at a final concentration of 0.6M. Cells were incubated with the  additional 22 h before addition to the cells. Data shown are the
samples for an additional 48 h before performing MTT reduction mean of three different experiments and are expressed as a
assay or LDH release assay. Data shown are mean of three differenpercentage of either MTT reduction or LDH release seen in control
experiments, and each condition was replicated in six wells for eachwells containing cells alone.

experiment. Data are expressed as the percentage of control wells

containing cells alone. We also tested whether the scFvs could alter cellular

effects of preexisting A aggregates. p42 was incubated
showed aggregate formation in AFM images with B6 again alone for eithe3 h (small oligomers) or 50 h (large aggregate
forming larger aggregates than D4 alone (data not shown).and fibrils) before addition of equimolar concentrations of
We also tested the ability of the scFvs to inhibit or decrease D4 and B6 scFv. Both scFvs blocked toxicity of the 3 h
aggregation from preexisting aggregates by preincubatingsample containing small /42 oligomers, and neither scFv
Ap42 for either 3 or 50 h before addition of scFv. Addition showed any significant effects on 50 h preaggregat@dA
of B6 or D4 scFvs to th 3 h preincubated sample completely samples (Figure 6).
inhibited any further aggregation although neither sample
dissolved the preexisting aggregates (data not shown).DISCUSSlOI\I
However, when the B6 or D4 scFvs were added to the 50 h  The amyloid hypothesis of AD, that®accumulation and
preincubated sample, no inhibition or dissolution of aggrega- deposition in the brain50) leads to neuropathology, has
tion compared to £42 alone was observed (data not shown). spurred studies on a variety of therapeutic strategies focusing
AFM image analyses indicated the presence of small on clearing A8 in the brain, including very promising active
aggregates in t3 h preincubated samples treated with scFvs (35, 51, 52) and passive immunization approach®s 48,
and a mixture of large aggregates and fibrils in the 50 h 29, 34, 53). The mechanisms through which antBA
preincubated samples treated with scFvs (data not shown) antibodies reduce A burden and AD pathology, however,
Ap42-induced cytotoxicity toward SH-SY5Y neuroblas- are still unclear%4). Anti-AS antibodies injected intraperi-
toma cells was determined using both MTT toxicity and LDH toneally can enter the central nervous syst8d),(possibly
release assays. Cells treated with aliquots @4 2incubated through receptor-mediated transport of thg-Aantibody
alone for 0 ad 3 h showed reduced MTT activity (Figure complex across the bloetbrain barrier §5), and clear
5A) and higher LDH release (Figure 5B) compared to the preexistings-amyloid plaques34). Administration of an-
control wells, indicating toxicity of the small aggregate tibodies against A in transgenic mice models, either
morphologies of £42. However, cells treated with an aliquot  peripherally 84) or intracranially 83), results in widespread
of AB42 incubated for 50 h showed little or no toxicity in  activation of microglia, suggesting Fc-mediated mechanisms
both MTT and LDH assays, indicating that the later aggregate of amyloid clearance. However, other studig6)(have used
morphologies observed here are nontoxic to the cells (FigureF(al), fragment and showed reduction in brairB Aoads,
5). Addition of either D4 or B6 scFv blocked anypA2- suggesting that non-Fc-mediated processes are also involved.
induced toxicity at the 0 ah3 h time points and essentially Capture of soluble A in the periphery has also been shown
had no effect on 50 h incubatedsA2 samples (Figure 5).  to cause efflux from the central nervous system and reduction



Single Chain Antibodies against3A25—35 Fragment Biochemistry, Vol. 45, No. 38, 20061537

of A deposition in the brairg( 56). Human AS vaccination other studies suggesting that dissolution of Abrillar
trials were halted 4 months after initiation when several plaques may not be a suitable end point fof-Based
patients showed signs of aseptic meningoencephadis (  therapeutics.

Despite discontinuation of the trial, several follow-up studies ~ ScFvs against the A25—35 fragment can successfully
showed that vaccination did lead to production of anfi-A inhibit A342 aggregation and reduce toxicity induced by
antibodies and there was no correlation between the presencé 342 toward neuronal cells. These scFvs have an added
of antibodies 28) or their titer 38) and the incidence and advantage of not having the Fc fragment found in full-sized
severity of encephalomyelitis. However, an autopsy of an antibodies, thereby potentially eliminating some of the
immunized patient%7) showed widespread inflammation in damaging inflammatory responses associated with full
the brain, suggesting that, under certain circumstances, arantibodies. The affinity of the scFvs isolated here can be
autoimmune, proinflammatory reaction againgt@an occur readily improved by affinity maturation for potential thera-
(58). Several other studies also support the notion of harmful peutic applications. Other scFvs against full-lengtis A
inflammatory responses as a result of immunization strategiespeptide that also inhibit aggregation and reduce toxicity
(37, 39, 40). Passive £ immunization in a mouse model of  toward neuronal cells have been reported by our laboratory
AD showed significant reduction of diffuse amyloid but also (22) and othersg9, 70), providing the potential to develop
caused an increase in cerebral microhemorrhages, a possibla cocktail of scFvs recognizing a variety of differens A
link to neuroinflammatory complications offAmmunization regions and morphologies as part of a noninflammatory
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