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ABSTRACT: Cotton wool plaques (CWPs) are round lesions that lack a central amyloid core. CWPs have
been observed in individuals affected by early-onset familial Alzheimer disease (FAD) associated with
mutations in the presenilin PSENJ) gene. Here we present the characterization of the amyl¢alg)
peptides deposited in the brain of an individual affected by FAD carrying the novel missense (V261I)
mutation in thePSENI1gene. Matrix-assisted laser desorption ionization time-of-flight mass spectrometry
was used to determine thefApeptide species present in the cerebral and cerebellar cortices, in
leptomeningeal vessels, and in CWPs isolated by laser microdissection (LMD). Our results indicate that
amino-terminally truncated /A peptide species ending at residues 42 and 43 are the nfajpeptides
deposited in brain parenchyma and LMD-CWPs in association witiPBEN1V261l mutation. Full-

length AG1—42 and AG1—43 peptide species were underrepresented. CWPs were not found to be associated
with vessels and did not containsA—40 peptides, the main component of the vascular deposits. Although
Ap deposits were present mostly in the form of CWPs in the cerebral cortex and as diffuse deposits in the
cerebellar cortex, a similar array of amino-terminally truncatgaptide species was seen in both cases.
The biochemical data support the concept that parenchymal and vascular amyloid deposits are associated
with a different array of & peptide species. The generation and parenchymal deposition of highly insoluble
amino-terminally truncated Apeptides may play an important role in the pathogenesis of AD and must
be taken into consideration in developing new diagnostic and therapeutic strategies.

A hallmark of Alzheimer disease (ABDpathology is the  the fibrillization of A31—42 into amyloid deposits has been
accumulation in brain parenchyma and in vessel walls of considered a key element in the pathogenesis of AD (
the insoluble 4 kDa amyloig- (AjB) peptide ). AS is Interestingly, recent studies have demonstrated that oligo-
generated by the proteolysis of the amylgidsrecursor meric nonfibrillar A31—42 peptides and protofibrils are also
protein (ABPP) by thef-site ABPP-cleaving enzyme 1 neurotoxic 6, 7).

(BACE1l) (2 and by y-secretase, a multimeric protein In the brain parenchyma, /A peptides are the main
complex composed of presenilin, nicastrin, Aph-1, and Pen-2 oo mnonent of senile plaques and diffuse deposits. Senile
(3). After _cleavage of APP at the amino terminus of t_he plagues contain a heterogeneous mixture @ peptide

Ap domain by BACEL, cleavage of the carboxyl-terminal gpecies comprising AL—42, amino-terminally modified and
fragment (CTF) of KPP results in the release of the§A  hcated 4 peptides ending at positions 42 and 43, and

peptide (—3). Amyloid deposits in human brain contaiffA  ostransiationally modified Apeptides8—13). The relative
peptides of 40 (f1—40) or 42 (Af1—42) amino acids in importance of amino-terminally truncated and posttransla-

length but also various species of amino- and carboxyl- tionall o : . ; :
. R y modified A8 peptides in the pathogenesis of AD is
truncated 48 peptides 1). AB31—42 forms fibrils significantly still not completely understood.4, 15). Amino-terminally

faster and is more neurotoxic thanfB-40 (4, 5). Thus,  y,ncated 46 peptide species have been found in individuals
with sporadic AD, familial AD (FAD), and Down syndrome
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matrix-assisted laser desorption ionization time-of-flight mass spec- dePOSition is found in the W"?‘”S of large and small .Ieptor_n-
trometry; PSEN1, presenilin 1. eningeal vessels as well as intraparenchymal medium-sized
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and small vessels.//—40 is the predominant form present performed for the amplification of theSENland AGPP

in the amyloid deposits, with carboxyl-terminal truncated genes as describe@Z, 26). PCR products were sequenced
derivatives found in both leptomeningeal and cortical vessels on a CEQ 2000XL DNA analysis system (Beckman Coulter,
(10, 21, 22). Fullerton, CA). Apolipoprotein E genotyping was performed

Herein, we present our studies using matrix-assisted laserds describedQ).
desorption ionization time-of-flight mass spectrometry (MAL-  Neurohistology and Immunohistochemistfy brain au-
DI-TOF-MS) to determine the A peptide species present topsy was carried out on an individual carrying RSEN1
in frontal cortex and cerebellum of a FAD-affected individual V261l mutation. The fresh brain was hemisected along the
carrier of the novePSEN1V2611 mutation. MALDI-TOF- ~ midsagittal plane; the right half of the brain was fixed in
MS was also used to establish thg peptide species present 10% formalin, and the left half was sliced and storee-@0
in laser microdissected (LMD) CWPs from carriers of the °C. The neuropathological study was carried out using
PSEN1V261l andPSEN1V261F mutations. The biochemi-  techniques previously describeb). Eight micromiter thick
cal and pathological data clearly demonstrate that there is asections were stained with the hematoxylgosin (H&E)
differential contribution of amyloid peptides of different and Bodian methods. Congo red stain and thioflavin S (Th-
lengths to the development of the parenchymal and vascularS) were used to show the presence of amyloid deposits and
amyloid pathology associated with tRSEN1V261l muta- neurofibrillary tangles. For immunohistological studies,
tion. Amino-terminally truncated A peptide species with ~ antibodies against & phosphorylated taug-synuclein,
and without a pyroglutamyl residue at positions Glu-3 and apolipoprotein E, factor VIII, and'SMA were used. Poly-
Glu-11, and ending at positions 42 and 43, were seen as theclonal antibodies were detected using avielmotin with
main A@ pepude Species present in LMD-CWPs. The f|nd|ng biotinylated goat anti-rabbit immunoglobulin as the second-
of a similar array of amino-terminally truncateggAveptide ~ ary antibody and horseradish peroxidase-conjugated strepta-
Species in the cerebral cortex (mosﬂy deposited as prs)Vldln visualized with Chromogen diaminobenzidine or tet-
and in the cerebellar cortex (forming diffuse deposits) ramethylbenzidine. Monoclonal antibodies were detected
Strong]y suggests that tissue_specific factors may p|ay an using avidin-biotin with biotinylated goat anti-mouse im-
important role in determining the morphology of thgg A munoglobulins and secondary antibody and streptavidin
deposits. Our data suggest that the generation and depositiog§onjugated with alkaline phosphatase. Double immunostain-
of A peptides of different lengths may constitute the basis ing was performed using the Dako EnVision Doublestain
for the morphological diversity seen in association with early- System (Dako) following the manufacturer’s instructions.
onset FAD. Our data also support the concept that amino- Isolation of Parenchymal and Vascular Amyloid Peptides.
terminally truncated & peptides may have an important role Samples of cerebral cortex and cerebellum from a case of
in the pathogenesis of AD and should be taken into sporadic AD (sAD) and a carrier of thBSEN1V261l
consideration in developing new diagnostic and therapeutic mutation were used in the present study. Approximately 5 g

strategies. of frontal cortex was dissected free of any large vessel
contamination. Amyloid peptides were isolated using a
EXPERIMENTAL PROCEDURES published procedurd §) with some modifications. The gray

matter was homogenized in a Dounce homogenizer in 10
Antibodies Several antibodies (the epitope recognized by volumes of TE buffer (0.1 M Tris, pH 7.4, 5 mM EDTA,
the antibody is indicated between parentheses) were used t@) 029 sodium azide) containing protease inhibitors (PI)
analyze the amino-terminal sequence of theé peptide.  (Complete, 1 mM pepstatin, 1200 mM TLGKHCI, 200 mM
These included monoclonal 3D6 fA—5) (23) (Elan Corp.,  TPCK, and 1 mM leupeptin; all from Roche Molecular

San Francisco, CA), monoclonal 10D542—6) (24) (Elan  Bjochemical, Indianapolis, IN) on ice and centrifuged at
Corp.), polyclonal anti-& with a pyroglutamyl residue at  20000@ (Beckman TLA 110 rotor) fo1 h at 4°C. The
the amino-terminal position Glu-3 (AN3pE) (16) (IBL Co., supernatant (§o) was stored at-70°C. The 200000 pellet

Gunma, Japan), and monoclonal 6E105848) (Signet  \was rehomogenized in 10 volumes of TE buffer with PI.
Laboratories, Dedham, MA). Monoclonal HYB310-01 The homogenate was filtered through a series of nylon mesh
(AB10-16) (Antibody Shop, Copenhagen, Denmark) and of 210, 53, and 3@m to remove small vessel contamination.
monoclonal 4G8 (f18—22) (Signet) were used to detect  An equal volume of 30% SDS solution prepared in TE buffer
full-length A3 and A species originated by the-secretase  \as added to obtain a final concentration of 15% SDS. This
cleavage between amino acids 16 and 17 of teéquence  solution was stirred overnight at room temperature. The
(p3), respectively. A& species ending at residue 404X— material was centrifuged at 130aféor 1 h at 20°C. The

40) were recognized using polyclonal an{$®—40 (25). supernatant was centrifuged at 500§d0r 2 h at 20°C.

Ap species ending at residue 424R—42) were recognized  The resulting pellet (8¢ was dissolved in 99% glass-
using monoclonal 21F12 (Elan Corp.). We also used mono- gistilled formic acid for 1 h, and the material was centrifuged
clonal F8/86 (anti-von Willebrand factor or factor VIII)  for 30 min at 14008. The formic acid soluble material was
(Dako, Carpinteria, CA), monoclonal 3D12 (anti-apolipo- collected and evaporated under a stream of nitrogen. The
protein E) (Accurate, Westbury, NY), monoclonal AT8 pellet resulting from the 1300@Qentrifugation was resus-
(antiphosphorylated tau at Ser202/Thr205) (Polymedco, Inc.), pended in buffer TE with Pl and centrifuged at 26d0r

monoclonal 1A4 (anti-alpha smooth muscle actim&MA) 15 min. The supernatant from this 2@p€entrifugation was
(Dako), and polyclonal anti=synuclein (raised against recentrifuged fol h at13000@ at 20°C. The resulting pellet
amino acids 119137 of a-synuclein) 22). (P130a) Was dissolved in formic acid and centrifuged for 30

Genetic AnalysisGenomic DNA was extracted from min at 1400@. The formic acid soluble material was
frozen brain tissue. Polymerase chain reaction (PCR) wascollected and evaporated under a stream of nitrogen. The
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pellet from the 2000 centrifugation was washed in 0.1 M

Miravalle et al.

A total of about 10000 CWPs were procured for each mass

Tris, pH 8.0, four times and digested by collagenase and spectrometry analysis, and2500 CWPs were isolated for

DNase | (0.3 mg/mL collagenase CLS-3 and A§/mL
DNase I; Sigma, St. Louis, MO) in the presence of 2 mM
CaCl for 16 h at 37°C. Following digestion, the material
was centrifuged at 130090or 1 h at 4°C. The resulting
pellet (R3g) Was dissolved in formic acid and centrifugated
for 30 min at 14000, and the formic acid soluble fraction

western blot analysis.

Immunoprecipitation (IP)Fifty microliters of paramag-
netic Dynabeads M-450 coated with goat anti-mouse IgG
(Dynal Biotech ASA, Oslo, Norway) were allowed to interact
for 3 h atroom temperature with a mixture of 3L of
monoclonal antibody 6E10 and& of monoclonal antibody

was collected and evaporated. Cerebellar tissue, approxi-4G8 as describe®p). After incubation, unbound antibody
mately 5 g, was dissected free of any large vessel contaminawas removed by washing the beads with PBS buffer (10 mM
tion. The tissue was finely minced and homogenized as phosphate, pH 7.4, 150 mM NacCl) and 0.1% bovine serum

described above in 2 volumes of buffer TE with Pl and
DNase I. The homogenate was centrifuged at 2060001

h at 4°C. The pellet was rehomogenized in 2 volumes of
TB buffer with PI. The homogenate was filtered through a
series of nylon mesh of 210, 53, and 3® to remove small
vessel contamination. An equal volume of 30% SDS solution

albumin. Supernatant fractions and formic acid extracts
(solubilized in 0.5 mL of PBS) were added to the tube
containing the coated paramagnetic beads. The samples were
incubated overnight at 2C. After the incubation, the beads
were washed three times with PBS, resuspendedxn 3
sample buffer withj-mercaptoethanol, and resolved by

prepared in TE buffer was added to obtain a final concentra- SDS-PAGE. The beads were also eluted and analyzed by

tion of 15% SDS. This solution was stirred overnight at room
temperature. The material was centrifuged at 139G0601

h at 20°C. The resulting pellet was resuspended in buffer
TE with Pl and centrifuged at 20Q0for 15 min. The
supernatant from the 209@entrifugation was recentrifuged
for 1 h at13000@ at 20°C. The resulting pellet {RBoa-cn)
was dissolved in formic acid and centrifugated for 30 min
at 1400@, and the formic acid soluble fraction was evapo-
rated. Leptomeningeal amyloid was isolated using a modi-
fication of a published procedur®3). Briefly, 3—6 g of
vessels was dissected and washed four times°& with
200 mL of TE buffer and pelleted at 509@r 10 min at 4

MALDI-TOF-MS.

Identification of the Isolated Componen®roteins and
peptides isolated from parenchymal deposits, leptomeningeal
vessels, and LMD-CWPs were identified by immunoblot
analysis and MALDI-TOF-MS. For western blot analysis,
fractions obtained after formic acid extraction were resus-
pended in X sample buffer and resolved by 16% Tris
Tricine SDS-PAGE. Proteins were transferred to poly(vinyl
difluoride) (PVDF) membranes using 3-(cyclohexylamino)-
1-propanesulfonic acid (CAPS, Sigma), pH 11, containing
10% (v/v) methanol. Membranes were blocked Zch with
5% lowfat dried milk in PBS and incubated overnight with

°C. Vessels were resuspended in TE buffer and collected bythe first antibody followed by horseradish peroxidase-labeled

filtration through a 3Qum nylon mesh, washed three times
with 100 mL of 1% SDS and 0.1 M Tris, pH 7.4, with PI,
and pelleted. Pellets were homogenized in 0.1 M Tris, pH
7.4, with 2 mM CaC] and subjected to collagenase/DNase
| digestion for 16 h at 37C as described above. The digested
material was centrifuged at 500§)ahe resulting pellet (&)
was dissolved in formic acid and centrifugated for 30 min
at 1400@, and the formic acid soluble fraction was evapo-
rated.

Isolation of CWPs by Laser Microdissection (LMD).
Formalin-fixed, paraffin-embedded frontal cortex tissue was
used for the isolation of CWPs from two cases of early-
onset FAD PSEN1V261l and PSEN1V261F). Eight
micromiter thick histological sections were placed on
membrane-coated slides (Leica Microsystems, Deerfield, IL).

Tissue sections were dewaxed twice in xylene for 2 min each,

goat anti-mouse or anti-rabbit F(3d(1:5000) (Amersham).
Immunoblots were visualized with an enhanced chemilumi-
nescence (ECL) detection kit and exposed to Hyperfilm ECL
(Amersham). The molecular mass of th@ peptides was
determined by MALDI-TOF-MS analysis at the New York
University Protein Analysis Facility.

A3 Cross-Linking.Ten percent formalin cross-linkedsA
oligomers were prepared by incubation of 1 mg/mB1A-
40 synthetic peptides (Sigma) for 1 and 6 days in 10%
formaldehyde at 23- 1 °C in a light-protected siliconized
microtest vial. As a control, peptides were incubated for the
same amount of time in the absence of formaldehyde. The
reversal of formaldehyde-induced cross-linking was per-
formed by the addition of 99% formic acid to a final
concentration of 5%. After incubation at 961 °C for 6 h,
samples were analyzed by western blot using the antibody

passed through decreasing concentrations of ethanol (100%6E10 (1:1000).

90%, and 70%) and water for 30 s each, stained in eosin for
30 s, and then dehydrated in ethanol. CWPs were dissecte

using a Leica AS LMD laser microdissection system (Leica

cBESULTS

The PSEN1 V2611 Mutation Is Associated with Early-

Microsystems). Dissected plaques were treated with 99% Onset FAD.The clinical features and disease progression in

glass-distilled formic acid in a sealed siliconized tube for 6
h at 96 + 1 °C using an Eppendorf thermomixer. After
incubation, samples were centrifugated for 30 min at 14000
and the formic acid soluble material was collected. The

the affected individual were consistent with a diagnosis of
early-onset FAD. The onset on symptoms was at age 48 years
and death occurred at age 55 years. DNA sequencing studies
revealed the presencé a G to A nucleotide transition in

formic acid was evaporated under a stream of nitrogen. Forexon 8 of thePSEN1gene (Figure S1, Supporting Informa-

matrix-assisted laser desorption ionization time-of-flight mass
spectrometry (MALDI-TOF-MS) analysis, samples were
resuspended with 14L of an isopropyl alcohol/water/formic

acid (4:4:1) mixture and analyzed. For western blot analysis,

samples were resuspended i 8ample buffer and analyzed.

tion). The mutation is predicted to cause an amino acid
change in residue 261 (valine for isoleucine), which is located
in the sixth transmembrane domain of the PSENL1 protein.
No mutations were observed in exons 16 and 17 ofjpreP
gene. TheAPOE genotype of the proband wa8e3.
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Y] : : ; Ficure 2: Double immunostaining of temporal cortex fofN—

42 (blue) and factor VIII (brown) (A) oraSMA (brown) (B).
& ? . Double immunostaining of temporal cortex for phosphorylated tau
3 e 2. T (brown) and AAN—40 (blue) (C) or AAN—42 (blue) (D). Immu-

s | 1R B J-“{;ij? : nohistochemistry was done using antibodies F8/86 (A), 1A4 (B),
o i i o -}i’ e 21F12 (A, B, D), anti-4N—40 (C), and AT8 (C, D). Bar: 100
1 : : 7 | um (A, B) and 20um (C, D).
% :
E ; F & R under polarized light after Congo red staining. CWPs were

immunopositive using multiple antibodies against the A
peptide (Figure 1B-H). No immunopositivity was seen using
antibodies against Apeptides ending at position 40 (Figure
2C) and against apolipoprotein E (not shown). In addition
to CWPs, occasional neuritic plaques and diffuse deposits
\ i were observed. Neuritic plaques were seen predominantly
G 0 @ ' in the neocortex, amygdala, hippocampus, parahippocampus,
and substantia innominata. Diffuse amyloid plaques were
seen in the neocortex, thalamus, cerebellum, midbrain, pons,
and medulla. In the cerebellar molecular layer, both diffuse
deposits and cores were present. Diffuse deposits were
immunopositive using the panel of antibodies against dif-
ferent epitopes of the A peptide, including antibodies
recognizing A6 peptides ending at position 42 (Figure 1l).
The vessel walls of numerous arteries in the leptomeninges,
. . cerebral, and cerebellar parenchyma were thickened and
'(:f_uﬁg é'ndpggtf,’l@iﬁrgg[;ﬂ‘; ?:O%V\{Eg fcrggbtglclau;?na?csr)él ((;c,)rtBe)x strongly fluorescent in Th-S preparations (Figure 1C,J). Anti-

Numerous well-demarcated CWPs are seen. (C) CWPs are mildly ABN—40 recognized amyloid deposits in parenchymal and
fluorescent. Leptomeningeal vessel walls are intensely fluorescent,leptomeningeal vessels. Factor VIII was used as a marker
indicating the presence of amyloid angiopathy—8) CWPs are of vascular endothelial cell27), andoSMA was used as a
immunopositive using a panel of antibodies against different marker to stain microvessel28). Double immunohis-
epitopes of the A peptide. (I) Extensive A deposition in the . . - - .
cerebellum. (J) Cerebellar plaques and vessels are intenselytochemistry using antibodies againgid—42 and factor VIl
fluorescent, but most cerebellagAleposits are mildly fluorescent. O aSMA suggested a lack of association between CWPs
(A, B) H&E stain, (C, J) thioflavin S method, and (D) and blood vessels (Figure 2A,B). Neurofibrillary tangle
4G8 (F), HYB310-01 (G), and antiffN3pE (H). Bar: 100um hippocampus, and parahippocampus. Double immunohis-
(A, C, 1, ) and 2Qum (B, D—H). . . . . .

tochemistry using antibodies against phosphorylated tau and

ABN—40 or ABN—42 showed that CWPs contained a

The PSEN1 V261l Mutation Is Associated with Cotton variable amount of tau-immunoreactive neurites associated

Wool Plagues and Neurofibrillary Tanglebl&E staining with AGN—42 peptide species but notpN—40 (Figure
and immunohistochemistry revealed the presence of wide-2C,D). As previously reported, neurons undergoing neu-
spread CWPs (Figure 1A,B:EH) in the neocortex, caudate  rofibrillary degeneration and large dystrophic neurites similar
nucleus, putamen, thalamus, amygdala, hippocampus, parato those seen in the crown of neuritic plaques were not seen
hippocampus, and midbrain. CWPs appeared in the neurophilwithin CWPs @6).
as round eosinophilic structures lacking dense congophilic  Purification and Identification of the APeptide Species
amyloid cores (Figure 1A,B). They measured between 80 Deposited in PSEN1 V261The protocol of purification is
and 12Qum in diameter. CWPs were weakly fluorescent with outlined under Experimental Procedures (Figure 3). A total
Th-S (Figure 1C) and did not show apple-green birefringence of one supernatant £&) and five pellets (Bo, Pisoa Pisos,
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oligomeric forms of the & peptide ending at position 42

e prein tisue \ and including peptides smaller that 4 kDa (Figure 4B, lane
ggz‘ggg;"fgi"f;ic ' 1). MALDI-TOF-MS of the Rqo fraction showed the pres-
' Leptomeningeal ence of amino-terminally truncated38—42 and A8 with a
Collagenase / pyroglutamyl residue at position Glu-3 and ending at position
' p Sgg‘gge'?:“h 42 (ABN3pE-42) as the predominant/Apeptide species
Filtrate 210,53 and 30um e in this fraction (Figure 5A). In addition, otherpeptides
130,000g/1h/20°C / \ were observed in thesp fraction, including A8 with a
/ \ s pyroglutamyl residue at position Glu-11 and ending at either
S b position 42 (ASN11pE-42) or 43 (ASN11pE-43) and
500,0009/2h/20°C 2,000/ 15 min/20°C Ap1-42. The buffer-insoluble/SDS-insoluble fraction ob-
/ \ / \ tained after centrifugation at 13009@as resuspended and
centrifuged at low speed (200 The supernatant was
S S P centrifuged again at 130080 and the insoluble fraction
000G N (P130s) Was characterized. Thadaa fraction contained most
130,0009/1h/4°C of the parenchymal A peptides deposited in theSEN1
/ \ V261I—-FAD. Western blot analysis of the; R fraction
s using 21F12 antibodies showed the presence of monomers

and oligomers of A ending at position 42 and including
Ficure 3: Scheme of the amyloid purification protocol. A peptides smaller that 4 kDa (Figure 4B, lane 3). After IP
purification procedure for the isolation of solublg Aeptides (&), with 4G8 and 6E10, western blot analysis of thePfraction

parenchymal & deposits (By, Pizoa and Rseg) and leptomeningeal . . - .
Ap peptides (By) was performed as outlined and as described in using 4G8 antibodies gave comparable results (Figure 4C,

the text. lane 1), suggesting that the peptides smaller than 4 kDa were
amino-terminally truncated A peptides. The faint immu-
A B C D noreactivit_y_tott)ssgri\aleo:c ont_weste_rn glgg an?gs(ijs_, offtht?1 im-
munoprecipitated Boa fraction using antibodies further
123 ik 123435 e 1 2 i ;1 2 suggested that the®peptide species present in this fraction
were mostly amino-terminally truncated peptides (Figure 4D,
" 45- 4s- lane 1). Monoclonal 3D6 is specific to the amino-terminal
et o region of A3 that contains the first aspartate resid@e)(
-ln 2014 et MALDI-TOF-MS of the Piza fraction after IP using a
14.34 4.5 mixture of 4G8 and 6E10 (Figure 5B) or after IP using 21F12
65- 6.5- (Figure 5C) showed that the majority of the3Apeptides
3.5 35 present in the Boa fraction were amino-terminally truncated
peptides ending at positions 42 and 43. The most intense

Ficure 4: Western blots of A& peptides isolated from frontal signals_corresponded to AN11pE-42, ASN1LpE-43,

cortex, cerebellum, and leptomeningeal vessels. Equal amounts 01AﬁN3pE—42, and A33—42 peptides, while the signals
protein were loaded on each gel. Peptides were resolved on 16%corresponding to A11-42, A31-42, and AG1—43 were
Tris—Tricine SDS-PAGE. (A) A3 peptides immunoprecipitated  less intense. We also observed the presencefopéptide

from the S fraction from the V261l case (lane 2) and a sAD  species starting at positions Ala-2, Phe-4, Arg-5, His-6, Asp-

case (lane 3) were reacted against 4G8. The band indicated by ary ggr.g Gly-9, and Tyr-10. Apeptides with ragged amino

asterisk (*) in lane 1 corresponds to synthetj¢1A-40 peptide that S . b .
was run as a control. (B) Apeptides isolated from frontal cortex, termini have been seen in senile plaques of SAD patients

fractions Roo (lane 1), Rsoa (lane 3), and Rog (lane 5), and & (10, 11). No signal was observed in mass spectrometry after
peptides isolated from cerebellum, fractionsePcp (lane 2) and IP of the R3oa fraction using anti-N—40 (not shown). In

Pi3oa-cp (lane 4), were reacted against 21F12. (C) Immunoprecipi- contrast, MALDI-TOF-MS of the Roa fraction from the

tated amyloid fibrils from fraction Boa (lane 1) and fraction £ - .
(lane 2) were reacted against 4G8. (D) Immunoprecipitated amyloid SAD case after IP using a mixture of AG8 and 6E10 showed

fibrils from fraction Rsoa (lane 1) and fraction 4 (lane 2) were that the main peptide present in this fraction \_’Vm‘lz’
reacted against 3D6. Molecular masses are in kDa. followed by ABN3pE—42 and ASN11pE-42 (Figure 5D).
Western blot analysis of the 130a9pellet (R3g) Obtained
Pisoa—cn, and Rg) were analyzed to characterize thgg A after collagenase and DNase | digestion of the 200¢llet
peptide species depositedmSEN1V2611-FAD. A51-40 from the SDS-insoluble fraction showed the presence of
was found to be the predominanfAveptide species in the aggregated A peptides ending at position 42 and including
buffer-soluble fraction (& from frontal cortex of the peptides smaller that 4 kDa (Figure 4B, lane 5). MALDI-
PSEN1V261l case and in the,& fraction of a SAD case = TOF-MS of the Rsog fraction after IP using a mixture of
by western blot analysis (Figure 4A, lanes 2 and 3) and by 4G8 and 6E10 showed the presence of the amino-terminally
mass spectrometry analysis after IP using a mixture of 4G8truncated peptide A3—42 while the signals corresponding
and 6E10 (Figure S2, Supporting Information). The signals to Af11-42, A311-43, and A81—42 were less intense
corresponding to A3—37, A31-36, A31-37, A31-38, (Figure 6A). Similarly, mass spectrometry analysis of the
ApB2—40, and A61—42 were less intense. Western blot Pisos fraction from the control SAD case after IP using a
analysis of the parenchymal buffer-insoluble/SDS-soluble mixture of 4G8 and 6E10 showed the presence 68A42
fraction from thePSEN1V261I case after centrifugation at  while the signals corresponding tg3A1—42 and A1—42
50000® (Psoq) showed the presence of monomeric and were less intense (Figure 6B). Western blot analysis using
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100+ B
A Peak | Observed | Expected AB
P500 V2611 Mr Mr peptide
1 3319.1 3318.9 | N11pE-42
2 3419.2 3420.0 | N11pE-43
3 3441.0 3437.0 11-43
4 3643.2 3643.2 8-42
5 4309.9 4310.9 N3pE-42
6 4329.0 4327.9 3-42
7 4411.1 44120 N3pE-43
8 4514.0 4514.1 1-42
1001 1
P130a V2611 — IP 4G8/6E10
1000 1500 2000 2500 3000 3500 4000 4500 5000 [Peak Observed Mr Expected AB
1001 B / C [/ D Mr peptide
C 1| 3318.9/3318.3/3318.1| 33189 | N11pE-42
2 | 3335.3/3335.8/3334.8 33359 11-42
P130a V2611 - IP 21F12 3| 3420.7/3419.1/ N.D. 3420.0 | N11pE-43
4| 3436.1/3436.9/ N.D. 3437.0 11-43
o 5| N.D. /3499.3/3499.1| 3499.1 10-42
6 | 3555.5/3555.9/3556.4| 3556.1 9-42
7| 3643.2/3645.3/3643.2| 36432 8-42
8| 3759.0/3758.5/3758.1| 3758.3 7-42
9| ND. / ND. /38962 38954 6-42
10| 4052.9/4052.3/4050.8 4051.6 5-42
L bl 11| 4199.8/4199.4/4197.7 4198.8 4-42
0 » e vy “ > 12| 4310.6/4310.0/4309.1| 4310.9 N3pE-42
T T T T T T T T T T T T T T T T T p
1500 2000 2500 3000 3500 4000 45m 5000 (13| 4328.8/4320.0/4328.2| 4327.9 3-42
100+ I 14| 4399.8/4398.8/4397.3 4399.0 2-42
15| 4411.7/4411.6/ N.D. 4412.0 N3pE-43
D 16 N.D. /44281/ N.D. 4429.0 3-43
12 17| 4514.9/4513.9/4512.3| 4514.1 1-42
P130a SAD - IP 4G8/6E10 18| 4615.6/4615.6/ N.D. 4615.2 1-43
%_
D_
1000 1500 2000 2500 3000 3500 4000 4500 5000 miz
100+ 5 Peak | Observed | Expected AB
E 3 5 Mr Mr peptide
1 1 3318.8 3318.9 N11pE-42
P130a.ch V2611 4 2| 33353 | 33359 11-42
3 3420.6 3420.0 N11pE-43
4 3436.7 3437.0 11-43
5 4310.8 4310.9 N3pE-42
6 4329.9 4327.9 3-42
7 4412.0 44120 N3pE-43
8 4428.8. 4429.0 3-43
o TR bl [ A ‘ pereerafarrera 9 4514.4 4514.1 1-42
1000 1500 2000 2500 2000 3500 4000 4500 5000 5800 /72 10 4616.0 4615.2 1-43

Ficure 5. MALDI-TOF-MS of Af peptides isolated from frontal cortex of the V261l case-@), from frontal cortex of a SAD control
(D), and from cerebellum of the V261l case (E). Fractioss FA), Pisoa (B—D), and Rzoa-cpb (E) were analyzed before (A, E) or after
immunoprecipitation with a mixture of 4G8 and 6E10 (B, D) or 21F12 (C). f indicates formylated spe@8sufiits of mass).

4G8 antibodies of the amyloid extracted from leptomeningeal with anti-AGN—40 gave identical results (Figure S3B,
vessels (B) showed the presence of 4 kDa monomers and Supporting Information). Similar A peptide species were
aggregated forms of the@peptide (Figure 4C, lane 2) that observed by mass spectrometry analysis of therBction
were also recognized by the amino-terminal specific antibody from the sAD case after IP with 6E10 and 4G8 (Figure S3C,
3D6 (Figure 4D, lane 2). Mass spectrometry analysis of the Supporting Information).

Pso fraction showed a major component with a mass of  Aggregated Amino-Terminally Truncated Reptide Spe-
4329.2 Da corresponding to3A—40 (Figure S3A, Support-  cies Ending at Positions 42 and 43 Are the Predominant
ing Information). The signals corresponding t@3-40, Peptides in the Cerebellum in PSEN1 V26The same
ApB1-36, AB1—37, AB1—38, A32—40, and A1—42 were protocol of purification used to isolate corticapApeptides
less intense. MALDI-TOF-MS of the &p fraction after IP was used to purify cerebellar fAdeposits. Western blot
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100+ 7
A Peak| Observed Mr Expected AB
P130s V2611 — IP 4G8/6E10 A /B M| peptide
1| 3317.7/3317.9 3318.9 N11pE-42
2| 3419.4/ N.D. 3420.0 N11pE-43
3 N.D. /3556.1 3556.1 9-42
% 4 N.D. /3642.8 3643.2 8-42
5 N.D. /3757.6 3758.3 7-42
ki 6 | 4310.8/4308.5 4310.9 N3pE-42
7| 4329.9/4327.5 4327.9 3-42
8| 4514.3/4512.8 4514.1 1-42

1500 2000 2500 3000 3500 4000 4500 5000 5500 m/z

{B
1 P430g SAD — IP 4G8/6E10

9%

1500 2000 2500 3000 3500 4000 4500 m/z 5000

Ficure 6: MALDI-TOF-MS of fraction Rsos from the V261l case (A) and from a sAD control (B). Samples were analyzed after
immunoprecipitation with a mixture of 4G8 and 6E10. f indicates formylated speti28 gnits of mass).

Formaldehyde

E Incubation 1d
+
Formic acid -

1 2

FiGure 7: Laser microdissection (LMD) of eosin-stained frontal cortex sections. The same section before (A) and after (B) LMD. (C)
Captured CWPs on a PCR tube. (D) Western blot of LMD-CWPs reacted against 21F12. (E) Reversal of formaldehyde-induced cross-
linking. Synthetic A31—40 peptides (1 mg/mL) were incubated for 1 day (lanes 1, 2) or for 6 days (lar@sv@thout (lanes 1, 3, 5) or

with (lanes 2, 4, 6) the presence of formaldehyde. Formaldehyde-induced cross-linking was reversed by the forinéattidatment

(lane 6). Samples were analyzed by western blot using the antibody 6E10.
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100+

2f
A A w LMD V261
2 ||| 2f
[ F 4, 3
" Iy
1 M o s
3 "y f
rlf APJ -V'I L1 ﬁi[i’{[.\[sgm - Peak| Observed Mr Expected AB
H. aft f J',1r'1,‘,'!, 6! A |/ B Mr peptide

v f
1] 3316.8/3317.0 3318.9 N11pE-42
2| 3332.2/3333.9 3335.9 11-42
3| 3420.8/3414.1 3420.0 N11pE-43
4| 3435.1/34354 3437.0 11-43
5| 4310.8/4308.5 4310.9 N3pE-42
6 | 4329.9/4327.5 4327.9 3-42
7 | 4514.3/4512.8 45141 1-42

Ficure 8: MALDI-TOF-MS of laser microdissected CWPs{0000) from frontal cortex of the V261l case (A) and the V261F case (B).
f indicates formylated species-28 units of mass).

analysis of the Bo-cp and Rsoa-cp fractions obtained from  acid treatment were observed. Approximately 10000 CWPs
the cerebellum of theSENV261I case showed the presence were isolated by LMD from frontal cortex of theSEN1

of SDS-insoluble oligomeric A peptide aggregates of V261l individual. In addition,~10000 CWPs were isolated
relative molecular masses over 12 kDa (trimeric form 8) A by LMD from frontal cortex of an individual with theSEN1
(Figure 4B, lanes 2 and 4). The presence of the oligomeric V261F mutation, which is also characterized by the presence
bands was not affected by the treatment with formic acid. of CWPs @0). Isolated CWPs were treated with formic acid,
MALDI-TOF-MS of the Pizoa-cp fraction showed that the  and the soluble material was analyzed by MALDI-TOF-MS
most intense signals corresponded to amino-terminally (Figure 8). In both cases, the main peptides detected were
truncated /8 peptide species AN11pE-42, A511-42, the amino-terminally truncated/Apeptides AN11pE-42
ASN11pE-43, A311-43, ASN3pE-42, A33—42, and and A311—-42. Other A peptide species includedsN11pE-

ABN3pE-43. The signals corresponding t@3—43, A51— 43, A311-43, ASN3pE-42, and A83—42. The signal

42, and A31—43 were less intense (Figure 5E). corresponding to A1—42 was very weak. A high degree of
Identification of the & Peptide Species Presentin CWPs formylation was observed. We are uncertain about the

Isolated by Laser Microdissection (LMD-CWPgjosin- identity of the peptides between 3600 and 3960 units of mass.

stained CWPs were microdissected from formaldehyde-fixed We speculate that these peptides may represent formylated
sections (Figure 7AC). Approximately, 2500 plagues from  species of £3—34 and ASN3pE—34, which have 3600.9
the PSEN1V2611-FAD case were cut and treated over a 6 and 3584.9 units of mass, respectively.

h period using formic acid to reverse the cross-linking of

the amyloid peptides. Western blot analysis of the formic CONCLUSIONS

acid soluble material showed the presence @iNA42

peptide species smaller than 4 kDa (Figure 7D). Since In the present study, we examined the amyloid peptides
formaldehyde cross-links proteins to each other primarily presentin an individual carrier of a novel missense (V261I)
between the-amino group of lysine residues and an adjacent mutation in thePSEN1gene that is associated with early-
peptide bond (& has two lysine residues at positions 16 onset FAD. In the cerebral cortex, numerous CWPs and
and 28), we reversed the cross-links by high-temperature neurofibrillary tangles were found. Immunohistological stud-
heating and formic acid treatmer29). To control for the ies, western blot analysis, and MALDI-TOF-MS analysis of
formic acid/heat treatment to reverse the cross-links intro- the amyloid peptides isolated from the cerebral cortex and
duced by the fixative, & oligomers were prepared by from LMD-CWPs suggest that CWPs contain an array of
incubation of A31—40 synthetic peptides for 1 day and for amino-terminally truncated A peptide species ending at

6 days in 10% formaldehyde. After 24 h, most of th8 A residues 42 and 43. In the cerebellum, diffuse amyloid
peptides incubated in the presence of formaldehyde migratedplaques were found. MALDI-TOF-MS analysis of the
as high molecular mass oligomers (Figure 7E, lane 2). After amyloid peptides isolated from the cerebellum showed that
6 days of incubation, the majority of theSApeptides these deposits contain an array of amino-terminally truncated
incubated in the presence of formaldehyde were cross-linkedApS peptide species similar to the one observed in the cerebral
(Figure 7E, lane 4). After 6 days of incubation, the addition cortex and in LMD-CWPs. In addition, we identifiedA—

of formic acid and further incubation at 96 1 °C for 6 h 40 as the main A peptide species in the soluble pool of the
completely reversed the cross-linking process (Figure 7E, cerebral cortex and in amyloid deposits in leptomeningeal
lane 6). No signs of peptide degradation due to the formic vessels.
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Senile plagues, a neuropathological hallmark of AD, have mutation showed that they contain an array ¢f peptide
been extensively studied. However, the biochemical com- species similar to that observed in the cerebral cortex. We
position of other types of plaques is still unknovai). The observed the presence offfpeptides starting with pyro-
characterization of plaques that are morphologically different glutamyl at residues Glu-3 and Glu-11 and ending at
from senile plaques is important for the understanding of positions 42 and 43 as the main component of the cerebellar
the role that amyloid peptides play in the disease process.deposits, suggesting that the cerebrum and the cerebellum
CWPs are round eosinophilic plagues that lack a central produce a similar array of Apeptide species. Interestingly,
amyloid core and are mildly fluorescent on Th-S prepara- western blot analysis of the cerebellar amyloid peptides
tions. Immunohistological studies using the end-specific anti- revealed a pattern of immunoreactivity different from the
ABN—40 antibody and antibodies against vascular markers pattern of immunoreactivity of the cerebral cortical amyloid,
suggest that vessels do not participate in the structure of thisshowing the presence of mostly detergent-insoluble oligomers
type of plaque. To characterize theSApeptide species of Aj peptides. This observation suggests that the extracel-
present in CWPs, we used biochemical methods for thelular environment may play an important role in the
isolation of parenchymal amyloid peptides and LMD for the aggregation of the A peptides and that the differences at
isolation of individual CWPs. Laser microdissection has been the morphological level (e.g., CWPs in the cerebral cortex
recently used to quantify the/Apeptides in senile plaques vs diffuse deposits in the cerebellum) might reflect the
in sAD (32) and for the proteomic characterization of presence of cell- or region-specific factors. A similar array
amyloid plagques in sSAD3J3). LMD allowed us to obtain a  of cerebellar 4 peptide species were reported by Iwatsubo
pure preparation of CWPs for western blot and MALDI- et al. (L7) in diffuse plagues of the cerebellum of sAD and
TOF-MS analysis. Our results indicate that CWPs are DS patients and in nondemented individuals analyzed by
composed predominantly by amino-terminally truncatgd A immunohistochemistry using a panel of well-characterized
peptide species with or without a pyroglutamyl residue at antibodies to 4, although AS peptides starting at residue
positions Glu-3 and Glu-11 and ending at positions 42 and Glu-11 were only occasionally seeh7j. Taken together,
43. Full-length A81—42 and A31—43 peptide species were these results suggest that the carrier of BREN1V261lI
underrepresented. The MALDI-TOF-MS studies allowed the mutation may overproduce/#peptides starting at positions
identification of the amyloid peptide species that were presentGlu-3 and Glu-11, in particular AN11pE-42(43), in
in the amyloid deposits and to obtain semiquantitative agreement with the report by Russo et dl5)(indicating
information of the peptides present in the samples. To obtainthat ASN11pE-42(43) was significantly increased in sub-
quantitative information by MALDI-TOF-MS is very dif-  jects carrying mutations in thBSEN1gene. A peptides
ficult due to the degree of complexity of the samples and starting at position Glu-11 are known to contribute to the
the presence of substances that may cause suppression abtal A3 levels in elderly normal human brains, preclinical
signals from some ionic species. The identification and AD, and AD (10, 13, 38). Peptides starting at position Glu-
characterization of A peptide species with structural 11 have also been found in the brain of transgenic animals
alterations in the peptide backborig)l were not in the scope  overexpressing thé3PP V717| mutation 89) and are a
of our studies. minor component of the brain deposits in a transgenic animal

MALDI-TOF-MS of CWPs did not show the presence of model carrying the double Swedish mutation under the
AB1-40, which was also confirmed by the immunohisto- control of the Thy-1 promoter 40). Peptides starting at
logical studies. The lack of A1—40 in CWPs strongly  position Glu-11 were not found in an animal model carrying
suggests that CWPs are not associated with vascular structhe double Swedish mutation under the control of the hamster
tures. The absence ofA7—42 (p3) suggests that CWPs prion proteinpromoter 87). Aj peptides beginning with Glu-
are not related to the deposition of p3, a major component 11 are derived from the cleavage ofRP by BACEL 2).
of diffuse plaques in the cerebral cortex of sAD9( 20) BACE1 cleavage of SPP between Tyr-10 and Glu-11
and in the cerebellar cortex of DS patier@d)( Aj peptides within the A3 domain f3'-cleavage) results in the secretion
starting with pyroglutamyl at residues Glu-3 and Glu-11, of an amino-terminal ectodomain, SRR3', and the retention
particularly A3SN3pE—42, have been suggested to be early of an 89 amino acid CTF, C89. C89 can also be produced
aggregating species in A2, 14) and to be more abundant by proteolysis by BACE1 at Glu-11 of C99, which results
in patients withPSENImutations than in patients with SAD  from BACEL cleavage of APP between methionine and
(15). The exact location (intracellular vs extracellular) where aspartate at position 1 of the amino terminus of A
glutamate is converted into pyroglutamate is not known, but (5-cleavage)41). The membrane-bound CTFs oBRP are
the loss of three charges, including an amino-terminal chargethen subjected to further proteolysis within the transmem-
for ABN3pE—42 and six charges for MN11pE-42, has a brane domain byy-secretase, generating the3 Aoeptide
significant effect on the conformational behavior and de- species ending at either amino acid 40 or amino acid 42.
positability of these peptides, which aggregate more rapidly Whereas all of the componentspfecretase have not been
than full-length A81—42 35). These amino-terminally  identified, the presenilin proteins are necessary for secretion
truncated variants of A were not generated by protein of Aj peptides and have been postulated to contain the active
degradation during the purification of the peptides since we site ofy-secretaselj. Increased BACE1 expression has been
used protease inhibitors during all of the purification steps. implicated in the pathogenesis of ARZ), and in vitro
They were also not generated by formic acid treatment of studies have shown that the overexpression of BACEL results
the amyloid peptides since amino-terminal truncated variantsin enhanced production of/Apeptides beginning at Glu-11
of AS have not been seen after treatment of synthefic A (41). In the brain of BACE1 x APP V7171 double-
peptides with formic acid22, 36, 37). The analysis of the  transgenic mice, amyloidogenic processing at both Asp-1 and
cerebellar amyloid deposits associated withRISEN1V2611 Glu-11 was found to be increased, resulting in more and
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different A8 peptide species and CTF#3j. BACE1l the structural basis for the morphological diversity of amyloid
significantly increased the number of diffuse and senile deposits seen IRSENEFAD and, perhaps, in sonfgPP—
amyloid plaques in old double-transgenic mice but lowered FAD. Recently, the A peptide species present in three
vascular amyloid deposition, suggesting an inverse relationindividuals carrying theApPP V717F mutation have been
of vascular amyloid to the levels of the less soluble amino- characterized48). Neuropathologically, individuals carrying
terminally truncated A& (43). However, a diminished deposi- the ABPP V717F mutation are characterized by the presence
tion of A peptides despite enhancgetleavage of APP of flocculent amyloid plaques and an almost complete
has been recently reported in a transgenic animal modelabsence of compact amyloid cores. The biochemical analysis
overexpressing BACE144). The authors postulated that of the flocculent amyloid plaques showed that these plaques
BACEL overexpression altered the subcellular localization are composed of longer/Apeptide species with carboxyl
of BACEL cleavage by increasingrcleavage early in the  termini between residues 43 and 28). These data further
secretory pathway, thereby depletingP destined for  support a primary role for amyloid peptides of different
axonal transport, highlighting the importance of the subcel- lengths in determining the morphological appearance of
lular site of A5 generation in the pathogenesis of AD4Y. amyloid plaques. Thus, the generation of highly insoluble
We found a soluble pool of A peptide species (§A, amino-terminally truncated A peptides seen in association
which was operationally defined assApeptides extracted  with the PSEN1V2611 andPSEN1V261F mutations may
from brain cortex under mild conditions (i.e., homogenated be of major importance in the pathological process of early
in 100 mM Tris, pH 7.4, with PIl) after centrifugation at onset FAD and must be taken into consideration when
20000@. MALDI-TOF-MS analysis of the buffer-soluble  developing new diagnostic and therapeutic strategies for AD.
Ap fraction revealed that AL—40 was the main A peptide
species in this fraction, which is in agreement with previous ACKNOWLEDGMENT
reports indicating that A1—40 is the main sf peptide
species in the presence of a high degree of cerebral amyloid
angiopathy (CAA) 45). Our results suggest that SAveptide
species may contribute significantly to the development of
CAA associated with thPSEN1V261l mutation since
MALDI-TOF-MS analysis of the /& peptide species present
in leptomeningeal vessels showed th@lA-40 is the main
Ap peptide species in this fraction. Furthermore, other minor g ppORTING INFORMATION AVAILABLE
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truncated AN—40 peptides than amino-terminally truncated of the soluble fractions and leptomeningeal vessels. This
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