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Accumulation of # amyloid (AfB) peptides to nerve cells should be associated with the onset of Alzheimer’s disease
(AD). We prepared hybrid liposomes (HL) composed of 90 mol% phospholipids having various charged head groups
(cationic L-o-dimyristoyltrimethyl ammonium propane (DMTAP), anionic L-a-dimyristoylphosphatidylserine
(DMPS) or zwitterionic L-o-dimyristoylphosphatidylcholine (DMPC)) and 10 mol% polyoxyethylene (23) dodecyl
ether (C;, (BO)»3)), and investigated the inhibitory effects of HL on the accumulation of AB;_ peptides into human
neuroblastoma (SH-SYS5Y) cells in vitro. It is noteworthy that remarkable inhibitory effects on the accumulation of
A4 peptides were observed for SH-SYSY cells treated with anionic HL-DMPS, though the accumulation was not in-
hibited by cationic HL-DMTAP. On the other hand, the immediate fusion of HL-DMTAP into SH-SYS5Y cells was con-
firmed using a confocal laser microscope. Interestingly, the specific interactions between anionic HL-DMPS and AB_4
peptides were observed using the thioflavin T (ThT) assay. In addition, the cytotoxicity of AB; 4, peptides on the SH-
SYS5Y cells decreased after the treatment with HL-DMPS. These results suggest that anionic HL-DMPS could be used as

a novel medicine for AD in the future.
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WE, ADJREREL T, EBATE YUY K
(BRI EFRHR) 9 73 ME— ORI & $7 > 7= 350
ELTHWSNTWS, 2L LT, RANERD
ETEZESEL@ENHSH. UL, AD OFJHIE
BTORMEML, MEINEHNEN, £k, hEKP
B, BBUTRMRIE S EORIER bIE SN TWS
72, XURETHENRDENWEROEENEE
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FRSMNAIHLUIZNATY Yy RUKRY — A
(HL)S913, AHREEEZH WS 2 &a<, BRERRT
BT VIEEOL D BRI DT EI IV T2
BEEIEH T 2720 THBETESF JRiFTHD,
TR, 4 2 BEOREINIT K > TIRER
CHEBIEE, Rttt EHIETES)
B#MNd 5. 59 BIEEXTO HLFZEICHBWT, HL
IZRTF Rt % 58 X B 7R T )VIGE T,
LIKY 2 BT AT )L DA D ARERIKINK 53 fRI1Z
FRIhL TS, D K7z, MAREIZEIT 5098 Tl
invitro IZBWT, Y2563 8T ICHLDONA
Mlicxd 20 RBEBEMEI R E2RL T
589 X 502, HL A A I8 R B I E R
LLIOHAR=ZHNZAT—RERTTYRE— A%
FHET DT ENPSNITIR D TWD, 1112 H b i
RICBIL Tid, IMEEREETH S EEE_ oY
717 (BCNU)®Z HLIZEHIH, invivo ilZH
WT, MEZRETIVT v b DIEMIREZ#HE L T
5. invivo lIZBWTIE, B4 OHEPMAETIVIY
ZERAWERBEERMNSEMIENFE SN TN
%, %0 x50z, AmaEEEROKER, B
SNEOEBFICTHT DERHABRICBNT, S0hRe
PR OE Y >\ O BHE 7 N RN S5 N T
W5, 10 —F B, invitro I2HBF 5 B bR
HEMEIT T 5@ mMERbmEINnTH
0, AREEEOENZERZEMEL TH/IN
T3,

AWFFEIE, AD EFI)LMilLE L THWSENTVWS
b MR EEE (SH-SYSY) Mifuz ML, Bk
DEMDEBLDEEZFEMET S HL ZHNT
APy ZBREHIFIZN RN X I A AT DN TS
L7,

£ B 5 &

LA MY UEEDO L-a-2 I U X M

RAT7yFYI)ay > (DMPC), 7=# %D
L-o-YIUZA M IVEAT 7y F )t > (DMPS)
1, WG (HAMIE) 220 EMHALE. ik
2, AFAMHED12-PI YA BAIV-3-FUJ AF
W7 >EZLATOIN (DMTAP) b, il
(Avanti Polar Lipids) Zffif] L 7=. PEG R HIG
HETHEZRIAFLTFL 2 Q3) RFIILI—
TV (CL(EO) ) 1%, willksh (Sigma) 7% Elwor-
thy 5 D HE® IR, T—FIIHEERLEZDDE
FH /=, Figure 1 IZEMITH WD 288 DGR
ZRY. WHEETH D 1-)NV b IL-2-[12-[(7-
ZhO2-13- R F T OT=I-4-A)V) T
JIRTFH A N]sn-Z7 )t 0O-3-RZA 7+ >
(NBDPC) 13, il (Avanti Polar Lipids) %%
DEEMFHL .

2. fmR2 bt~ EE (SH-SYSY, ATCC)
M 2 BRI VY, RPMI1640 (Gibco) 12X = 3
U2 G RUHMBEANL T IYA > (HIRHE),
20% 7 REVRIMYE (HyClone) 28 H3EE-bHD%E
B & LT, 37°C, 5%CO, RTCH;# L /=,

3. NATY ey RYRY—LOFEAE  HLIZ
90mol% U > fg& (DMPC, DMPS, DMTAP) &
10 mol% PEG RSt HIGE R (C(EO)») &Y >
FEiR@ETRR (PBS(—)) IR, 45°C, £%%F
BN CHREREN L CHMLUZ, FLFE0.20 um A
STV T AV —TABWKE L =H D% LRI
AL

4. NAT)y RYR)—-—LOBEBEFRDATE

HL OEER (dy) 1, JEEELDEEEE (ELSZ-0,
Otsuka Electronics) % FVY, BRI EELIEICL D
25°C DE&MFETHIE L=, & LT, He-Ne L —
H— D 633 nm O FERARZ ) 10mW THW, #
LA 90°THIEL, BoNImLEFRik (D) 5
Stokes-Einstein 7 Eq. (1) IZf> T, dny ZKRD 7.

dny=xT/3 tnD (1)

Z Z°C, k% Boltzmann £, TITHIHEE, 7
SRR ETH 5.

5. fRRREREIIHIZNROFEM  SH-SYSY i
IS % 10% SEAEINHIR L (ICy) 1%, BERIGMH
HIEETdH 5 WST-8 assay (Cell Counting Kit, Do-
jindo Laboratolies) Z& D gFffi L 7z. 19 96 /X< L F
7L — b (SUMILON) Iz, #JH#0Ag% 2.0 X 10°
cells/ml Ol i k& 2 100 ul $EFEL, 37°C, 5%
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Fig. 1. Molecular Structure of Various Charged Lipids

CO, FT 24 FrflE & U /2. ABHAWK 2 10 pl/well
WL, 48 Wefiks# L7z, WST-8 &k % 10ul/
welliRINL 7=, 2 BERIEIC, 06t EEH (VERSA
max microplate reader, Molecular Devices) % i)
T, WE450mm 2B F2WEEZBEL-. 2
T, AEBRTIX, HL Z2{{RINL 725 O % BT 58
K, HIRSREIR D A Db D Z Bt Sk & L.
Bt SRR DSE NS T 5 > 7 ORI E % 51N
2 D% Ayiean, BRHENSRKOTCENS T T >
T DWRHEEBINZDDE Acona & U, ML
REGHE Uz, MIAEFRE, (Avean/Acono X 100
%) WEOEML, 2HEROHBHBEKEENS
ICyy Z3R® /.

6. WHPBEEK(CLD AB O SH-SYSY MA(CxF
T HERHAE HL LR U 7= HIf AN D Ay DE
H7, HELAL—Y—BMEE (TCS-SP, Leica) %
FAWTEELE. FIARMLT v a (Mat
Tek) 12, #JHIHHREL 2 X 105 cells/ml Tl it 2 F%
L, 37°C, 5% CO, FT24 Bt L7~ M,
HL & BHA W e &8 AB % % 49 % Thioflavin T
(ThT, Wako) Z{RIIL T 10 404 > F 2 X—h
%, APy (Peptide Institute) ZFRAMML, 90 7Rl
Refrol. HIFEITK, K 488nm @ Ar L —
H—ZHW, i E 455 nm, BHE 465-520
nm OFFTEHEL /.

7. HMERERA~DNA T ) RYRY —LDOERY AH
EORFE  #OLEMY S JEE O NBDPC # W,

NBDPC % &4 &7 HL/NBDPC ® SH-SYS5Y #f
fAaNOEW D AHEE, 7O—HA K A—%— (Ep-
ics XL system II, Beckman Coulter) % W THIE L
7=, FIHARHREEL 2} 105 cells/ml @ SH-SYSY #fig 2,
6 /X7 L — b (SUMILON) iZ#fE L, 37°C, 5%
CO, FT 24 ¢l 5# L /=. HL/NBDPC & BHA K
i, R RR ERE L 21, Ml
ZHEEL, BEOoBECTHlEZRNL 2. Fra>
Aw ozl EE2%Ic, FACS F a2 —7 /Ml
WERZ EL, 70—HYA4 b A= —Z2H\TH|
LU, JEREICIE, P 488 nm O Ar L —H — % H
$115mW TfEH L, FL-1t>%—i2k % NBDPC
DHNABEOMB ZITo/2. AEBRTHEAL &
NBDPC Of#i& % Fig. 2 1Z/RT.

8. ThT assay Z WA T ) v RYKRY) —L4
WEBICL D APBREDRE  AS BRI EITH
95 HL OB 2T 572012, Apfamtkfi
T& % Thioflavin T (ThT) % W\ THYEEMITEE
il 7=. HLEHATKR & AB1yp ZIRG L, 37°C T2
B > F aX—=FL 7%, lem AOATEIVIC
/71E U 7=. ThT (Nacalai tesque) Z#RMML, 7%
HOEYEREEE (F-2000, HITACHI) ZAWT, JihiEg
I E 445 nm, B E 481 nm20 T CRE 2 Ml
E L.

9. HLHE(C L D Afrp, DFARBMHEORE

HL JLEE7)S Ap ORI EMEIC 52 2 BITDNT,
APy LD BFEEDE W ARy, ZRHNWT, 20 MU X
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Fig. 2. Molecular Structure of NBDPC

TN —mBPERIEIC L > THRE L. 96 7<)
F7L— Mz, #HARIIEEL 2.0X10° cells/ml @ SH-
SYSY #iifidZ 100 ul $EFE L, 37°C, 5%CO, T 24
i s & U7z, HL iBHAWR ZIRmM L, 10 41
CF RPN, ABin BIHRML T 48 REfEEE L
. Ux)VNOMIEZEINL, MUNCTI—EFE
PERRiEIC K O iR & 5L 7z

fa R &ER

1. NTYw RUYKR)—LOHE  BAKED
B ORI HIEE Z Mk &9 %5 HL OB EFE
(dny) DO#EW§ZE{b %, Fig. 312/7R”7. KD HL-
DMPC K U7 =4 > ¥ ® HL-DMPS %, 100 nm
i TEMMZE Lzl L, hF4+ 8o
HL-DMTAP [3FFHEZN S ARLETH O, HHIH
Tk %4 U/=. HL-DMPC X HL-DMPS I3,
ARNICHE G U7ZBRIC, N R & Bk T &,
AERISHICHEL TnWs EEZ N5,

2. SH-SYSY fHRRICHTHNA T Y v KR
Y — LOEEIGIFR  HxOHL Ok ik
FNE (SH-SYSY) M3 2 HaEMGIznR IC
i) %, Table 1 IZF LD/, B, IC, EIX, VU
CIEBREEEREEL L. RiED HL-DMPC O
ICy i1, 91um, 7 —F > ® HL-DMPS T3,
149 uMm, J1F 4 > D HL-DMTAP O &1, 54
UM TH o7z, TOFEERMS, IC, & HL-DMPS>
HL-DMPC>HL-DMTAP Dl L7520, hFF+ M
HL-DMTAP (3K R CHfa IS5 2 Mifil 2 2 &
BHeMTBEo . DRIE, §XTO HL @ IC, &
LR TH S [lipids] =50 uM OEEELMET, EE%E
frorz.

3. WMALEEKICLD Afryw O SH-SYSY Flifa~
DOER/EFER  HL AT X % SH-SYSY fifa~ oD
APy DEBFEHIZNRICDONWTIL, AB 2T S
WA # @ Thioflavin T (ThT) ZHWT, K
L ——BEMEBRIC I DT> 2. f5R 2 Fig. 4

800 ii
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400 f

dyy (nm)
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=@ HL-DMPC —a&— HL-DMPS == HL-DMTAP

Fig. 3. Time Courses of dy, for HL at 25°C
[lipids] =1 mm, [C},(EO) ;] =111 um. Data represent the mean+S.E.
(n=3).

Table 1. Inhibitory Effects of HL on the Growth of SH-SY5Y
Cells for 48 h

Samples ICyo (um) +S.E.
HL-DMPC 91 4
HL-DMPS 149 20
HL-DMTAP 54 11

Data represent the mean+S.E. (n=3).

IZRT

MAED HL-DMPC TR U /=Ml Cld, #ERFRY
IZ ThT QD HE L, APy ODEEIHE S N
7. 7 =A > ® HL-DMPS THLH L /- #i g T
1%, BIRZT->790 pZEL T, Ao DEE
MEEICHMASNZ., £z, IFF MO HL-
DMTAP JLEE L =Ml g Tk, FFRIRBE &I
APy MEBEET DT NERIN, APy ODEHEE
MABZ LI TERNST-.

PlEDRER LD, ABi N HL OFFDEM & DA
HEHT, MIlEANOERBICERZAEL S EN5H
MO THLNTR> 7. Kz, 7= > % HL-
DMPS 7% A4 DEZBEREZIHIT 5 T ENERIN
7=
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Fig. 4. HL-DMPS Inhibit Accumulation of Af;_4 into SH-SY5Y Cells
(A) Fluorescence micrograph images, (B) Fluorescence intensity of SH-SYSY cells stained with ThT after the treatment with HL. [lipids] =50 um, [C),
(EO) 53] =5.5 um, [AB;_4] =20 um, [ThT] =20 um. Scale bars: 20 um. Data represent the mean+S.E. (n=4). *Significant difference (p<0.05) compared with

the ABy_s.

4. SH-SYSY fifg~DNA T Y v KUK/ — L4
OERE 3O HL LEIZ X % SH-SYSY #ifiy
AND ARy DERBA T A LITDWTIL, #EY
> J§E (NBDPC) # HL WIZ#& £¥72 NBDPC &
FHLZHW, 7O0—HYA1 A—=F—ZHNTH
DAHBEZEMFT L7z, HR%E Fig. 5I1TRY. Mk
@ HL-DMPC, 7 =# > ® HL-DMPS {L¥ L 7=
MR T, MAZICEDIA L2 NBDPC IZ K % #
HmENME<TWASNTWEDR, IFA2HD
HL-DMTAP LE TlZ, ®IME#M S NBDPC (2
KBHENMEN®ED, MRV AENG W &
MEAS Mo 7=,

5. N Ty BYRY —LDBREFRTEEADE
2 EHMORBDHL & Ay OFFENSHEE
TERIZDWNWT, HL AW TD APy BEEIKIE L &
ThT O#HMRHEIT K > THRAEL 7=, 53R % Fig. 6
ICaRT. AEBRTIE, T2 FO0—)LIT ABjy D
PBS(—)®BikZM W=, J>bho—)L &gl T,
B D HL-DMPC &% H Tld ThT O#Yea 8 L T
BO, ALy BEREDERINTND I ENREIN
7= (p<0.05). 52, 7=F% > ® HL-DMPS
IR T, ThT QHOCHREOEMMAEL <, &
%< D APy BEARNDERIN TS EEZ OGN
% (p<0.05). —%, HFF MO HL-DMTAP
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Fig. 5. Fluorescence Intensity of HL Including NBDPC in
SH-SYS5Y Cells
[lipids] =50 um, [Cy; (EO),3] =5.8 um, [NBDPC] =0.46 um. Data rep-
resent the mean+S.E. (n=3).
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Fig. 6. Effects of HL on Af;-4 Aggregation on the Basis of
Fluorometric ThT Assay

[lipids] =50 um, [C5(EO) 3] =5.5 um, [AB_4] =20 um, [ThT]=10

uM. Data represent the mean+S.E. (n=3). * Significant difference (p<<
0.05) compared with the AB;_4.

Wk TlE, BE7 ThT OFEHRE D ANH S
Nd, a>hO— )L ELFA%FETH>%. £OHL D
SH-SY5Y MDD AHEDBFTRERKD, 7
=4 > ® HL-DMPS 13, HMfZICE DA i #n

*
~ 100 F
o
&
=
)
b1
Ll
. T
S o
P 50
=
=
=
N
s
o
<
Q
0
ABr4z + + + +
HL-DMPC - + - -
HL-DMPS - - + -
HL-DMTAP - - - +

Fig. 7. Effects of HL on Af;-4 Cytotoxicity

[lipids] =25 um, [C2(EO)a3]=2.3 um, [ABi-42) =10 um. Data repre-
sent the mean+S.E. (n=3). *Significant difference (p<{0.05) compared
with the AB;_4,.

Z &5 (Fig. 5), HL-DMPS 7% ABy 4 Z 1R L,
M~ DFERE &P <HlREMEIV R I NS, BEIC, &
WA T4 RH I AZHNEZETIVIEERD 2B W
T, BOEMZEFFS7ZH T AKMTIE, ABis DEE
EREENEZ D ZENHEINTHBY, REBROD
fEREEML TW5, £/, HL-DMPS |Z, SH-
SYSY fifilicf e LEEnZ &5, HL-DMPS ik
HTR S N7z ABrs DEEERZHIET 5L D12
LT, HMlICERETHDEHNTVWSZENEZDS
n5.

AD IZBWNWT, EBRITEFOMES D AP IRE
MEEDWZENS, YA HENLT U Y RUR
v —/ (HL-DMPS) 23MMiEH D ABg ZFREL,
MR~ OZRE 2B <TREEE L TORREMEN IR T
x5,

6. ApDMREMHICKHT S HL DEZE  AD
IZHBWNWT, ABDRFEREETIMEHEEZFEFDI &
MHSNTND, D ARFEERTIE, HL LEEHD AR OFf
DHIfIFHEMEIC 5 A D HEBIZDOWT, MUNCTIL—
BRPEREIC K > THIlaE 2EHEIIL, MELE. 2
B, ERITIE, AP TV BBEBHEDEW AR LY %
AW/, #R%Z Fig. 712879, HIEIC ARy, 2
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e 22 &T, MilaEmEsmfliang Z EhRIn
7Z. Mt ® HL-DMPC Kk U F 4 > ® HL-
DMTAP LHEIZ K > T ABi-s 1T K B il e 34 5 00
fEHZRIET SR EIANBL> L (p<
0.05). —J%, 7=74 > ® HL-DMPS LIz X >
T, fMlEoEE, 3> bo—)L &R E TRIE
L7z, DlEo#EREX D, 7=4 % ® HL-DMPS
&, ABOMIFINDOEREZMA S Z & T, Mgz
WA D AEEMENH S MTia o 2. FEBED AD IZ
BT, M4 AS DML AD BIED U X 7 ME £
52 EMm5, METO AL #RET S ET,
AD FIEZFF < E WD Fil- g FEM & L TR T
x5,

&

jilll

AW, AD EFIMIEL THWSNTWS
bt R EFEE (SH-SYSY) Mgz L, #HAKHE
DBEMDEIRDNEEN S5 HL ZHWNWT, A4
LREMED R NI AT Z XL DN THREL /=,
ZTORER, ITFTOMAENESNT.

(1) Mo HL-DMPC, 7 =+ > @ HL-DMPS

1, B 100 nm (I DZRE U 72 & K R

L7z,

(2) 7 =# >t » HL-DMPS JLE L 7= SH-SYS5Y

MALICBNT, ABy DEEZIGET S I LAV

BEIN, ABig M HL OFFDER & DM AEH

T, MENOEBEREICERZEL 5 I ENGEIID

THSEMTED 7=,

(3) HL @ SH-SYSY #ifd N\ DEL D A & & % HE

Li=&Z», hFF %D HL-DMTAP (3 g

NIZHDIAEN G W EMBAS MRS 77,

(4) HL B TD ABrg BEEEIZRLIZDWNT,

7 = > ® HL-DMPS &k Tld, ThT O &

HWENEED, Afiyw EOREREZEKT S &

MRS N, —F, RO HL-DMPC kU5 F

%+ > P @ HL-DMTAP T3, Ay B &IFF

M5 DHOLIRE 2R L Tz

(5) AP KD HEIEDITRN AB 4, DAL

9% HL LB OFBIZDONWTIE, 724>

P HL-DMPS 73, SH-SYSY i o % % =118

IHDLIENHENTE- .

DEO#EREID, HL OFMICHWZIEEDEM
DEN AP DHIIENDZERBICEEZ NI T Z

N, SEMFIOTHS MR, FTH, 724
> D HL-DMPS LI X > T, HMEND ABiw
OERMBEZEITMAZ 5N, AD BEKE L ToAkE
PN RE N, £7z, HL-DMPS |, SH-SYSY
faic@l&a LWz &5, HL-DMPS B H T
RSN ABra DEEEAEZHIL T HELOITLT

HIICERT 202 NVWTWS I ENEZIHND.

& 512, HL-DMPS |3 A4 DFEMEN S Ml % &
ETHEoENDHD I EHHEMNI R, ERE
D AD IZBWNWT, [ A DINIL AD FEFED U X
IDNEED T ENMEINTNS. D 7IOA KA
A — RE#HICH D AD FIED A = X LT
H, MEHPD AL ZRRET S LT, AD RBIEZE
SEVWDHERBREEZMAOREMMETES. 4
#%, 7IVIYNAI—ETI)VEYE AV, HL-DMPS
IZ K BIEERN R MERNEREZ REICT 5.
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