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NSAIDs inhibit formin? oligomers and fibrils by binding to the structure of
<beta>-amyloid and <alpha>-synuclein protein aggregates
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The oligomeric forms of amyloid B -protein (AB ) or a -synuclein (a S) play

a critical role in the development of Alzheimer’ s disease (AD) or Parkinson’ s disease (PD).
Epidemiological studies have revealed that therapeutic use of non-steroidal anti-inflammatory drugs
(NSAIDs) reduces the risk of developing AD and PD. We show that NSAIDs have anti-oligomerization and
anti-fibrillization effects on AB (1-40), AB (1-42) and o S in vitro at physiological pH and
temperature, by using nucleation-dependent polymerization monitored by thioflavin fluorescence,
atomic force microscopy, electron microscopy, and photo-induced cross-linking of unmodified proteins
(PICUP) followed by SDS-PAGE. Three-dimensional fluorescence spectroscopic analyses demonstrated
that some NSAIDs interacted with AB s or o S oligomers. We speculated that NSAIDs inhibit forming
oligomers and fibrils by binding to the structure of their aggregates. NSAIDs could be key molecules
for the preventive agents for AD and PD.
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1. IR LSHOER
T NA 7R LU N—F Y RO BEMORIRER LT, T ehRiasto p 7
a4 FEHA AP L, #HEMIEAND a X7 LA VEA (0S) DOEHE - ILETHD. AR B LTV aS DEEE
WRETIELE bIC, B d/MNEEE () Iv—) OFMRPEEER L 720, e\ CRRAERIE MR B
SN, BEHELTOFENEEZEINTWD. £/, ABOA Y I~ —FR WV lREEEZ R~ Z Enmbi
(Walsh et al., Biochemical Society Transactions 2002) , [FIFRIZ aS AU T~ — D&M S Wi STV D

(Danzer et al., J Neurosci 2007) . Z D78, TAINA < —FRB LU/ S—F 2 Y RFOWT OIS
BWChH, AV I~ —OFREHITT 5 2 &2, FEROETIHIE LOFRIE T T2 BTt B2
LEZLNTND. ITEOEFIZE, B LOET VEWE AW ERIREHC BV TL, ERT rA M
PIRIEIE (NSAIDs) OHLT VYA ~—Fi50R (Pinnen et al., Arch Pharm, Weinheim, 2011) 35 X Ui 3

— % R (Gao et al., Neurology, 2011; Chen et al., Ann Neurol, 2005; Herndn et al., Neurology, 2006)
DG ETE 2D, NSAIDs 23 E ORI & K IF OO FEM Za B P IR TZMEI S h T,

FEEH D IT 21U E T NSAIDs 2 AB 8 X O aS BEE ORRHEESGREE ZIH L, kI AR LU aS
BHEE Rk 5 2 & 2His LU C& 7= (Hirohata et al., Neuropharmacology, 2008, Hirohata et al.
Neuropharmacology, 2005). £7z, BEOAIEWN AP BEERFRIZ KT T EEMTIZIR & £ D0 TH A
YERIZOWT, ZRITHEARY N T LME7e EOFEEZRAWTH LN L CTE =2 Hirohata et al.
Biochim Biophys Acta, 2012; Hirohata et al., Biochemistry, 2007) .

2. IROEM

MAFFETIL, NSAIDs 25 ()fRHEFERL L VD & HITHIBED AB B LW aS A Y I~ —DEERBRIZ R
FETRIE, ) ABRBE W aS AV Av—ZEAK & LRI RRFRRICKETHER, (o) ZOIERKF
IZDOWT AB £721d aS A U F<— & NSAIDs DRI E/EH & ZRoea e A7 R 7 Lt 7e & OF
EEANTHLMNIT S, F72, NSAIDsIZLD (d) ZhbOhEEERBF IOV CHEEE OB S

(Hirohata et al., Biochim Biophys Acta, 2012; Hirohata et al., Neuropharmacology, 2008; Hirohata et al.

Biochemistry, 2007: Hirohata et al., Neuropharmacology, 2005) 1 X OAMIETIER L7zT —F % 1 L IZ AP
L oS EAMIZOWTHEMFIZ1T 2. & 5HIZ, NSAIDs 2% (e) AP F LV aS & FIFEIC L 5 it
DIFINREHT 202G 5.

IHHORFHNZ LY, NSAIDs 12 LD T VY A ~—id L OVS— %0 VR TERRED T « M1 T4
FIOMEEMZMEAT 2352 L2 B ET 5. ZONBOBRFNE, T E TEEMICHEEN 2L,
NSAIDs & DAHEAERNZ DWW T AV A = =R L OVS—F 0 Y LR OSRRBEMi3E AR T 5 LT
FD CEHBERHEEN TE L EEZT-.

3. FROAZE
B -

Photo-induced cross-linking of unmodified proteins (2 X % AERSf: F T AB(1-40), AP(1-42), oS D%~
DE/ v —HDWTEER CF ) I~—B IO ERET AV E MW, 10 FOIEAT oA FHEHIR
FEFE (NSAIDs) ZREE, IR & ORFEGM & ARSFHITREN L2 RICZORIIKRE L, ) I~v—
AR, EEEEHIVE I $ X OMBHEHIHIER O B2 SV THEt L7, Western blot, $RYefads J OVE s
& D WITRFRIBAMEE & W Tl 21T o 72,

WIZ, TS DIERBETF OIEIRD - 512 AP(1-40), AP(1-42), oS DFE / <= — HWITREER (VY =2
~—B L UWHE) & NSAIDs & D4+ EE-IC W TR L 7.



& 517, NSAIDs 7% AP(1-40), AP(1-42), oS D2 DEAFED AV I~—/Efk, EEMHIERR LV
EEMHIERIC RIE T30 R & 5 F M BEAERIZ W CHEEOBESRY  (Hirohata et al., Biochim Biophys
Acta, 2012; Hirohata et al., Neuropharmacology, 2008; Hirohata et al., Biochemistry, 2007 Hirohata et al.

Neuropharmacology, 2005) 8 X OUFFETIER L72T —F % H LIT AP & oS BEAMIZ W CHUEBRFT & 1T

o7z

FRAT o4 REHGIRIEZK (NSAIDs) : < m L 5(
JY . D x
Acetaminophen, ibuprofen, acetylsalicylic acid % & ¢ 10 FE%H ' ~OXFD- IE(
LRIz TR EIT-7 (& 1)

K 1. NSAIDs Rt 3{ 3% obt Q?f ‘-

—

AB(1-40), Ap(1-42), aS:
3RO )~ —IWFFEHRI & r-peptide FH(USA) L WA L7=. #BEK (pH 7.4, 0°C) TEHE B2
K O ICfE U7~ (Hirohata et al, Biochim Biophys Act, 2012; Hirohata et al., Neuropharmacology, 2008).

Y v —TEREBR DT :

AB(1-40), AB(1-42), aS & ARG F¢A Y I~ — (b 3 23 BRE N7 /L photo-induced cross-linking of
unmodified proteins (PICUP)% Fi\ 7= (B 2; Hirohata et al, Biochim Biophys Act, 2012). BAKHNZIE, RERE
WCHRIEE A | PR U CAJE A A iz X - T, AB(1-40), AB(1-42), aS DHE / ~v—Z LGS
TAHY T~v—%BRTDHREHANZ. RSN -A4Y) 2~—0507FFE & 551 B4 FilE sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE)/$RG% (4,53 X UL AB HLIA, HT oS HLIKIZ L 5 western blot
THER LTz, BEEROIERER L O A X0 A0ITE - BER D D VA ) B2V CHfE ERIfET
EILIIMAlz. ZiuboA ) I~ —4ApRE AWT, A8 NSAIDs & 2 ENERRE TBNESE L,
AV I~ —FEGRER IS 2 ] - REERN R, B RO SN TR - RIS A IR 7.

Size- exclusion
Rutenium
S monomer

7 | siver saiming
FV Iv—ZEEHKL LIoRHERRESR - GEEROMAT :
PICUP |2 TERL L 72 AB(1-40), AP(1-42), oS DA U I~—% NSAIDs TRILE L 721412, EAKE L
THERSM FRBRE NEHET T MZEIN U= (R 3; Hirohata et al, 2008. Neuropharmacology). & 512,
AB(1-40), AP(1-42), oS T/ ~—L T pH 7.4, 37°CTA ¥ a—1 3 0 U THHEDH R RRE & (i &

X 2. RBRENLT Y I —BFTT L

Photo-induced cross-linking of unmodified proteins

(PICUP) ﬁ

Wiz, BEE LAY 2~ —%34ild, sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE),
SR THERR L7z, BRI EIX T A7 I B T EIES W T eE & L-(® 4, 77 7 7 22w
DEIERAER). RERIRDIERRR KO A X043 E T BME & 2 3B ) s 2 W TR 5
BEPLL L2 fRie U, HERHFRICFRL L 7=,



X 3. REBRENRMEHRERTT L X 4. F47 7 v rRkERET

Reaction
mixture

ThS assay

S FHFEER OGRS :

ZIRICHSE AT N T AENT, circular dichroism (CD) spectroscopy 45 D T % F\ T, AB(1-40), A(1-42),
oS DT (£ ~— - AU d~— - f}#fE) & NSAIDs & O5 T AVEH OZE7L BN 21T > 7=
(Hirohata et al, Biochim Biophys Act, 2012).
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4. BIRAR

fEHT L 7-NSAIDsO—HBIZ 3T, JREEKAFIEICaSA Y T~ —REEME A2 Lo bt (B5) . &b
A7 BIVIENSAIDSIZ N T, oSHRHEIMREEEOI A A L b (K6) . T OREFEIBIERICE
W, aSEEWRROMEI SRS N (BTA,TB) . S DHICEURILHIANS b T DRHTCIE,
DONSAIDsS) - L aSE / ~— « AV T~ — « GRfEH TR EAER R Lo bt (K8, K9) . FfcA
Jadvw—LDELVEEERARAED LN (K9) .

XI5 X6

. Effects of NSAIDs on oligomer formation of aS assembled by as$ fibril formation with aS seeds assembled by PICUP with or
PICUP, followed by SDS-PAGE and silver staining. without NSAIDs, monitored by ThS assay.
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. . Semi-quantitative analyses of AFM images.
AFM images of aS aggregates formed with aS seeds

assembled by PICUP with or without NSAIDs. N=5§
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Afluorescence excitation spectra of aS monomer,
oligomer or fibril, in the presence of N-4.
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3D-fluorescence spectroscopic characterization of o §
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FH LI, THE CIERSKE TRBRENaSESET/LE LOSHHMEMREEEE T L, S 5IZaSHMER
WEALET VA& VT, NSAIDSOHL S—F v Y UIRNREZMIE LU C& /2 (Hirohata et al., 2008.
Newopharmacology). AHFFE TILHT21C—EBONSAIDs I FEEAFEIC oS A Y T~ —EEEE 2 H1f1 4 5 1020
T, oSA Y Iv—ZEA L LiaSHMEHHREEE (B8 @RAMHT 5 Z L 2H oM L.

Flz, oSE/v— AV Iv— - HHED D HNAY M T LEYDTHRE Lz (K 8) . GEEMmH
EM %R LIZNSAIDs 1%, aSE/ ~— - F VU I~— - i (R THEICA Y I~—) 1TxT D EE
RAEAERZRIET 2 LT, oS BHEZEIZ L AVRIE S 7.

L&D, f#fr L7z NSAIDs O—#8i%, oS AU I~ —EEREIFEH B L ORMEMEEE (B8 B3
VERZAT S, ZOMTFIERIL, NSAIDs 43 & aS €/ ~— « AU I~ — « #iif Gt Y d~—) &
DEHNR TR EERICE D b0 &5 2 Sz, NSAIDs [EH1/3—F > RO T L 72 5 7]
MR H 5.

MR DR INE, BEE OBERE  (Hirohata et al., Biochim Biophys Acta, 2012; Hirohata et al.

Neuropharmacology, 2008, Hirohata et al., Biochemistry, 2007 Hirohata et al., Neuropharmacology, 2005) & @
R A % C, NSAIDs 2% AP(1-40), AB(1-42) oS D% OEAFDA VU I~—4A %, HEEMFIVER
B LOMBEFEIHEHWERICRIZ TR Lo TRMAEERO#RE L LT, FNFEICERBRTHS.
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