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New development of clinical trial in immunotherapy for Alzheimer's disease

YANG Ce-Ce, WANG Tao, XIAO Shi-Fu*
(Alzheimer’s Disease and Related Disorders Center, Shanghai Jiaotong University; Shanghai Mental Health Center,
Shanghai Jiaotong University School of Medicine, Shanghai 200030, China)

Abstract: Immunotherapy for Alzheimer’s disease has shown that targeting beta amyloid (AB) or tau protein with

vaccines or antibodies can reduce pathology. Active or passive immunotherapy is expected to slow or stop the

progress of AD. Significant advances in preclinical studies have shown strong evidence, but several clinical trials

primarily targeting AP in phase III have failed. Herein we review primarily the progress of immunotherapy for AD

in clinical trials.
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WSS, S5 BRUHE BRI T B it AR RISk Fi S1

SR e T R, B0 5 tau KPS R
FEIIT AD [RIFEAR

1 ®RERITHE

20 40 80 4EAC K, WFIT & K I RYEAE
AD HEJE il AR . 1993 4F, Leszek 25 ) fi4h
HENAH T E P i, T SR W) % T VR 9T
AD FIMEH, THIX—¥RT7 SRS S A WS LAk .
FPEIRTT ] 5> E BN s . $ B F e Rl G REHHIA YT
F= Bl o A2 1) R P i N LA 2 R T A DR A
5 P AU 25 R S G928 I 25 T VR T 7 R 16 0¥
WD o BRI AN E . B S i M Bk
BHTVRIT 5 s dya o 18 ik 400 i % o 6 i 1
T A B PE VAT « Bl J5 Gasiorowski #1 Leszek ™
AR I i ) N | SR AT T R s R A e
FasE AD iR e, FLSE Rz iayr AL, A BX tau
AR . 1996 4F, Solomon %5 7 AT PR AMALK:,
B T AR PUAR T AR SR4E e Al BELR R 2R |
Yepp AR ME, RIS ER, AT R B
VR TT AD 223K, 1999 4F, Schenk %5 ) 5 5
HEAT Bk ARG, 1 ABA2 1 G328 19 5 77 9 R A
FU4> s 6 JERE A 11 H iy PDAPP #3£[K/) il
6 JEUS /N UK AR BEER T . 8 4% 1R % A R
SR T AN 14 A sz B, 1 AR N R B R AE
AR VIR AD AF 00 20955 B A3 LAWZE, 1 UGIE
2 E B s AB IAIT MR AD i HEL L B3 AD A,
XF B 96 T7 AD IR 25, N SEZR ML IE AD %
FEREEATIF T N4l sh. 2000 4, Bard 25 !
B AR 25 T /NPT AP PUik, Prises i
I 3t i i 47 A o o R S M R BB . e T
BRMLE AN e 4 B, 2 /DG SFhrT RERIHLE]: (1)
A1 i BEAEALAE MY« BUARAEE N HR R IR A1 il 45
HIEE R AR, K AR AN TR 5 (2)
PO /NI AN S TR AT : (3)
EIR SIS AN e R SR b RA BN 1L DN S e iy
ik AR B RS 0 AB R 1Y (4) Pk H R R
AR BEH A T M vl 8 U 5 (5) Pk ep R vk
BEMEERAK 5 (6) AMAR G IE I I AR W R, Eik
G157 e 2 ) P i =i N 7 R NET B T S R N T )
KRB TREK, PLAR RIEIRITEZL R
AD ZhP IR E ST E B AR BEBRPURL. kAR Bk
WikE AD P25 BROCAR . SR AR EE . WAL
ORI CEIE B IR B 2 1, P AR s Ok 4
Z% AD W5 LR R T T

2 EHRKRIAT
2.1 ERIGKRIRE

2000 4, AN-1792 B 1 5 S N2l BEAL.
MUE R TIRIG AR, SLah A 80 fil4rh iz AD i
o IR 64 B2 E o A PUAL, 24 N 4 kDL
PEST AN-1792 s G& g P2 &= 4077 QS-21, HJa,
FF4 0T LA DN 5 28 1L 2L R 80 (PS-80) 42 72 Ji .
RIG AL 53.1% 2R A P= B9 AR Pk, B KAEMH
BARRN, 24, Wszter, kKRS "%
i UYL 2001 4 4k S AT 372 4% R B AD R
HSHI Na PHRE, 6% 2l kAT WA LH
PERGR G 28, 2002 ST ET 251k IRER 4 19.7%
ZARE AU, R E R RO B D . 1A
Ji V1) BE U5 AFFE A S BN 0 0 Ty e 1) o 200 2k 4
R G N, R A0 B AR Rt
WS N EAZ DI RESGE , R E BRI Bk )
& )R LN Ar NN N R N EEEAS RSN
I IEA— ¢ S LIRT AR, WHES AR K
IR K AR BT A AR RS
Ko 4.6 1 J5 BB U7 A 7T B 56 20 PoAA S B 25 m]
FREL e RHRPTRT R ", I tau P BT, I
IR ERTGVE S, N DR T BB Wk 2z,
FU AT B B3 . 0 OB IO I sk, 6
HOR ARG 58, SCFREG % AB VAT AT BEXT AD i
H I IhRESCEA KR Ak . 1 T RIS 6 HEkf
IR, LR BEPE T, S AL T,
TREVRIT AR A SN T e . IR i ik kst
121, Boche %5 P9 S Al e AL, EARPT AR fI%in
JYATVE B AB. IR BERR L tau KT, (HELZ X
LT Y 2 25 R B A B PR A H
22 EFRERTHARR

AN-1792 2 AB42 584k, B 14 B k4l
Mo 2 A7 (AB1-15 N &y ) AT 2 AN T ik B 40 i % A
(AB17-21 Fil AB29-42 C 3y )o AP C ¥y ] T 4il A7
R MR E OB, TS S 591
G AP T 402 1 (helper-inducer T-cell 1, Thl),
fEREJAE SV 5 AB N iy £ 215 5 B 40 RLNY, fig
BEG AN K V.. AN-1792 76 Thl 40 i 57 QS-21
BN, AR RN IR EBEAMA RS, FR
I BB 0 4%, 458 i g2 P AR 1k 1 FLAK TR PS-80 {2 A 5
% TANMRALETE, B2 Thl 0HEGE, 0] s b
i 28 R o T AIRES h R — 1 2R TR AL G 12 W
N B 28, R AEAEAS N PS-80 J&, AT IR R
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WM Z 5 AR RN KA K528 # Bk
LA Thl 1M R VAREAE,  FEAR R ARG 28, ATt
BE R R AR A D) KN =2 5 T A &5 Ak
PSR RS A A o T o 4 14D R A RN B R 5 R
MIE P AP PRI LW BAHG, TR s TE#
FEDURRBE Heggi b B,

2.3 ABERES

FRALIR) AP R v N L BRA I T 40 R, &
W B 4NuRAr, BEGIGE Thl B4, $emaat:
M N RE T Bl 208 AB N s ik, /b
B REHA R KV, fFl i ACC-001, CAD-106,
V950, AFFITOPE, UB 311, A% ABI-30. ABI-15,
ACI-24, AB3-7 2 W 1) EFRH JIK, P4 4% D1 AB1-11
41 1% 1f) PADRE J% Wi IK55, atEar, Hrpitsy
CLE NIRRT ST -

ACC-001 % 1 h AB1-7 %5 ik 3L B 28 7 1A W 25
FHAGE T CRMI197 4Rk, R T 5 AN-1792 4
AR e S Pk, AN AR R SO, T B R 5 ik
IREANE R P Lot TR 6 0 A )
P R SR A R N ARTE, L AR 42
VIR B AN SCHRE LA 212 W, AN RERf & ABL-T7.
QS-21 s ILAY ot 5 B SR 3 5. WFFTRE 1 ]
JE Ak AT, T 2013 4E 3 Hog i,  H T E Al 3k
I s vkt o5 — TR SG A4 H PET A5l
 ACC-001 y5 5% AP Be s, IEAEFHZEMEIIN SR, Tl
112014 52 BF 9. CAD-106 1 AB1-6 K49 25
FERURE QB ZH 1, nI YRR A e DR /I Bt 0P YT A% 1) i
HAR, ANEOE T MO, AR L, RE
SRR ROV P, Winblad 25 B9y o 7 By g SE it T
P XUE R IR T IR, X 58 4%
TR AD SR F AT 52 JITREYT 2 4. 20l T 0.6,
18 A5 0. 2. 6 F % FiES 50 pg. 150 pg AN
BT AU BT, 50 pg AIE A 67%. 150 pg
H 82% Z A FH AN APk, 97% Z k& KET
AN, S5 WL oh S 98 R S A 2058, %
I 2, AR O P EEAN RS N B AR B G
Ky BRI A H 2 M bf o JER FEBEHR AT AR
FERARYRAC, AT G AP ZKF-. MRI i A B pk
BRIGIRES R ICGe v 2478 o PR M vl REfR RS C
FAPEZE R IR DA FEARGIE D, AR I R A DL
VRSP ZE 5 B Wi AR/, P A B KRR L N (R4
ANRIT s IR S, JR) 5 PR 7 e 2 2w e I TR) AN [
SR ARG s BARR M4 %
BRIt ez Bk, 7 KA. KR,

i 77 B F 9% BURFIE CAD-106 (1) %2 4 Pk 545 Rtk
H A2 ot TSt O g i, e o8 Bdis A
VO50 ZZ A AP e, IGIRHTIH TR 5k
BT AB B e R £E A 2 IR IE T IE A ) N K diig
BN AR () AR F Bt IEAEHEAT ZH0 . BEAL.
RE R TS, PR, a2
P PE. 86 WA AD 2R F LG 3 IR Ml
ZANFFIE I V950 2k 71 ISCOMATRIX™ , 2007
ETFEANGL, 2012 FFE5EANAL,  H ATAR A AT I
RIF7E 84 . AFFITOPE S /2515 6 NaEIEM I
FAIR, ATRLRLIE 2 AB N i /= A PUAk I 75 5 Ap42
A IRIIAE XN, ()BT e e A4 S S T 4l LB
N5 APP KR X V. ADOl, AD02. ADO3 }kt
3 I VIR D 85 o, &5 I8 WoR e kT,
A KRG K B >, AFFITOPE ADO2 [f) %
O 11 RS0 IEAE BRI HB X HEAT, £ 300 #1425 AD
BHEZY, VM aetE. Wzt ImIARYT RO G
WEBNERE . UB 311 S5 12 AB1-14 4k, &
TG 2 5 g% ) N R BI I T 40 Mg 2 (Th2),
AL e e RE /N L Bk BB 55 50
Yl A gt AR N sbig, R RIEENE AR, (EREBE
BB CLoe LI RIREE , a6 A0 i o123k
3 WEhRRIAT

) G AR R T EA R RNV S, W
FUH T HE Bk AN, BT AR H e BE BT R
EIRERSY O IR, D825
BRI . B o P T O N AR e RS PR,
RAEA B NV HE L R 45 5 AD JR 38 X ah kit
JE e fie 1 R B, PRAEBUIRRE A, BHneT S
PR S RAE RN B8l s LA THUM, &
I 42 A DA RN, AR GFHBSRAN T 8 e A
A&, VRYT AD FISALT S A, 3G RS Bk
FhRRZ .
3.1 MAPERFEIRRITS

U BEPUATT 2 U2, (1) $iT ABL-16 N it
A, wEG AR AR, SEERAR. BREFYE RN YRS
A 4R APP, BE N HREARZE RG] AR 2
4, AIBE K AR i JE K A 1L 9 (congophilic amyloid
angiopathy, CAA) AH JC Bl Il Il % 1 K i &5 AN
RN, fCEPIAA Bapineuzumab. 10D5. 2A11.
WO-2 %5, (2) ¥ AB17-32 W R X Fiifk, 10454 A
R, ANHENPRRRAIZ R Y, Rk o E B &
AR, 2 rkar, Hurw i BA R R MR IE .
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PSSR, 5. BRUHE BRI T it AR R STk Fi 53

R FFi AT Solanezumab. 4GS 2%, (3) HT AB33-42
C gk, WA AR RGR R G AB R, AT
fitk & £ CAA. 10 3£ P1 14 F Ponezumab. 1A10 .
22C4. (4) YU AP T AR B iR £ 4t S 4 % R AT PUAR,
H A 0 2 R85 SR N AR RAETE D AR 55 2K
. IR AD R E S 53, nTEH AR
SERAR T RE S RO B, A GPUAR T BE
HiRr e AREPUEE AR JRET4EPiiA BAN2401,
AP £T4EHTR WOL. A-887755. mAb158.
3.2 BmRERIRIGEKRIRE

Bapineuzumab (AAB-001, 3D6) & 5 H T A
EI BT ABL-5 N U5 e PR, 38 I/ i 5 4 g
I T A WA H BN B R B BRI AB T 2
U AE S G R B ST b o 38 L A, T
ARG o e Atk B, Jf R SE RN T WIS
11 RS Jegh N 234 B 32 v B2 AD i, i34
122 BIBEHLSY 4 0.15. 0.5, 1.0 2.0 mg/kg 4 /N7l
A, 78 N4 6 I KE S k. iR
/i Bapineuzumab 75 ER AR, MRI A% 4. i %
RBUCH AL, WIURTT R0 T AT R IR 560 4L F0
MHAZMASET 2R L. BESMER, 5
APOEed FE [N #5717 # A EL, APOEed JE [N A48 717
(DN ENRD Ty e A WS A O, UMY AR U, Sk
MRI A5 4 10 1A R Al sk N 7 06 = A2 AR 5 45ty 28 G
ek 2% % 5. APOEsed #5415 & B 167l fe 6 2%,
Ao PR R E I R AR AT I = R I . 9.7% A2
WA BT AL A, 22 0w AL
APOEed #; 47 #, M4l LA Rk MV, $#2R
APOEed 3t [H £ Ak vl g e P ihyy 2 e gt
Gk 49 7 1 45 75, APOEs4 #5745 3% 51 5 ‘% AR 1ML
PEK B, R, R T R A P
Blennow 2 ™ ¥ 5 52 104 (10 5 00 AR A 0 ik
A, BRI Bapineu-zumab HE BN 1T R taus
IR AL tau K7, BERRAL tau AR ol 2 E X
(P =0.03), CSFAB/KV-ELRZEZRL. i
UESE, PU AP HLEIRIT T RE T tau Jf BE AR SE AD
R EE AR P, AT AE T APOEed JE [N £ & 1
s, SOMEAR R MR RLAEMG, 11 1RG0 % e
P AE 2% o BH 11 AD MERE IR . Bl S T 3056
R 45 & 15 15 F APOEed H: [N 3E47 20 41, LLR W
Bapineuzumab 17 %1 APOEe4 JE KX % Va7 A
PEMI T . A N RIS, 2012 4F 5 B
AN T AR50 W AT W A SRIAT Ry e A7 3%, VF
fili 22 4 57 00 T AEG T 2012 4F 8 H 56 5 $¢ /i

22k BT AR o e R AL R A T I Tk K
I SHAG T 25 705, T REASRN T AR I R TT 45
TE 2 a3 s U ] RS IR A P PR 45 2R .

£ Bapineuzumab #] [k, Solanezumab (LY206-
2430, m266) R Ll E AB 454y, NG liK b e
I RE PR AR B, AR /b S AR I 4 1 7K b Ak 1
MEEANR RN ANAES ] &G AB13-28 By
H, ReFFELACI AT R AR, AR AT N
AMIELE AD HEFR I R IRIT 29 T IR AR 2B
X HEAIE ST AE 19 656 1 AN AD g IR, 43l
BAYRER BKVE ST 0.5, 1.5, 4.00 10.0 mg/kg 4 7
pugk, BV 1A, S5 R GWoRI 2 PELF, WA K
JERNG ¢ o H ot Bt PR K I S AN R A 5 IR
I AR S A T =, AN DR TG
ot B 5 —Tgh N 20 ) H A AD B [ 2R AL
FEAT L, I Solanezumab 71 3 F KT 1 F A
T2 AL, T2 RS R, HEEA
W R A N ThRE, AT A ST A e B —
TRUBE AL BUE 22 BT B T30t 56 3L 52 441
AD %ZiX# 25, 54 47 100 mg. 400 mg Hrik
B H 100 mg. 400 mg Hiik, 3L 12 . iR EIR
AL 3% T 55 7 AB40 T AP42 5L 1 B A g ik T
&} J§ 400 mg fi; = 77 & 41 ) CSF Ap42 JF &+ CSF
ABA0 JRAIK, B RAEDUEF RIA BN, e
OV FEE RS BN kTR B veE BY. B
IT ARG g N 33 I i 5, 00 2k T e RS
AR XN, APOEe4 LRI AT AN 52101 Solanezumab
(K197 ORI B RO B, W TR Y T 11356+ 2012
TESEI, ALK A W B AT A IR B S A KN IO H
br, HBESG A DM 2o, 32 AD [ iZ /iy
AECER e P H AT 2 10101 R
IEAEHEAT, WTh 2016 fFE 45 0. Iy — il 5 IE AR 40 55
AD i e th AR Wk a5 A% 1R 5 A8 HE DR 45 45 2 D E S0t
%, MR 3K A B T-#i ¢ Solanezumab I IR VA
IR/XIE

Ponezumab (PF-04360365, Rinat RN-1219) &
IgGA2a Bl HEAL B se BEDUAR, 5 AP33-40 455 )5
THBR VTR AB, I PR HT BT S 7 AT O 10 5 A
SECAT B I A P AR AR H i A AR R T R, {H AR
4PN Hprese s S WL, 2 11 A,
W 2 I T EG 23  AE 10 min, 2 h P LA AR
ik s 25, &5 B Wos I AR 5] OB T
CSF AP 1 i i 25 250 I Ty, 3500 HY B B
K. Sk, WEME, ORISR A R RN,
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B RAETEAR KN, 224 PR 2 P, 10
min 5 FE R Ik 45 2 1 AT B Al T A B TR
1) )&, Ponezumab % fiff AP £ i 1l AB 3B 1A K &
B MRS, TR N CAA R4 . 2013
SRR S o H) HE £ FH 55 BE AL CAA T JG KN4 5 1 52
T N IR, i e g 2 MBI gE, o
i Ponezumab )22 4= i 52 R =M

B AN H 58 FE HT4K Crenezumab (MABT-
5102A) & 1gG4 554744, 5 1gG1 B A4E v B A A1 [F]
PIPTIRRAL, AR S tE s ) g5 6 ik, SEER A
A AR SRR R IR AL B BRI T AR G PR Foy
DX A-G /N 2 5 40 ek P s P 5 R A 6 S, 9
/T U /N R S4B p38MAPK. AT 9k 2 48 i [A]
F TNFo R T8, FH88 /I 0 R 40 M s AR 55 3 44 B0,
PP e BED/N B AT SRR AB, TG RS 7R 2242,
KRR EAM PRS2 A R 2500 11 e
IEFEFR SR S AD . Bl R SR i R0 10U 1 X
(the Alzheimer’s Prevention Initiative, APT) ] & PF44
Crenezumab 7797 .22 25 1 3&[A (presenilin 1, PSENT)
FEARF TR M. Genentech P& 2013 4AFREAT A
AD TP IR R RS, V897 A IEH 1 AD 4L
A S VR 10 A% S AR BE DR A, RN SO R 5 4F,
A EIUEVE R A B IR U IE B PE . 7R AD SEAR
o A B BRI A T bR Y, B BT
A, W PUAR 2 4 HORE AE 22 DA 4
Crenezumab H4 B4 55— Va7 I KT ) AD (1)
298, GRS NIRRT,

Gantenerumab (R1450) 1] 45 & AB3-12 N ¥ 5§
AB18-27 WL R AT, JEd T AD iy 1) 58
2 N e BEUAR . el /N S 4 S A 3
W AL A AR P UORR AR, B FIEAKHIE, T REAS
T ABTERR, WASCEI R AR K. TR
5 WoR RER D BEEL, BRI B A O R
B0 (ARTA) PSRN ™o FRTAT 4 T R
B IEAEARSEA G TR0 LB At e 2 D 0 s Ak
JE W AAFIT- ¥y Gantenerumab Y A 771 784 F A A 4)
FIHE WS s 55— TR A H AT, 24
AD 32 W& B2 N B P AR TV 03 46 48 1
Gantenerumab £l Solanezumab 7477 >k [ 3£ [ AD %
et 4 W 1k 5 A% P41 41 (DIAN) (AT 9K 3] AD R AR
FERHE AT, Wivh 2016 SFE5E R, 2 TR VR YT
AD [Pl R AT, T B3R 56 328 46 1 2K B AD B85,
28 J 25 ARV LR XN S AR TS Dh R I G
G PR LG T ARG T

BAN2401 J& A5 mAb158, LL AP fij 4 1EH
bR, THRREGTUN 2013 4E58 . 20 TIHRE
IEHA %% 800 Hil%2 1% AD 81 AD I3 MCI %Zik %, Tl
11 2016 fF5¢ K. SAR228810 42 A Y5k mAb 13C3,
PUNMEARXS 737 i AR AT AB JR2F 4, T HHRETH
RIFH 5% 48 PIE T EE AD B3, Tl 2014 4E5g ™.
BIIB037/BART /& 524> N PEHUAK 1gG1, 454 A%
PEAR, T HRREAERTIKY AD T ™. GSK-
933776 & Fc X &AL NI IR e BEBLR, 1ER T AB
N %, FEAS T MM R A2 C5E B 1
HAR 0 T o ) e 2 N R RIS 2, VP Al GSK-
933776 1397 MCI RV JE AD Hog 622 4k it 32 4
N ARCE R, BTV REEE A, IR
KA AN FTHr kg B,

33 REBIREARS

F I S S e R 1 N R I 2R AR I Al 1)
P BREE IR AW IGIV, P AP BRI, 214k
RSP IGIV WU AR KB Z AN A5,
HEE AR R IX E AR25-40 C 4l 1y, M A FEfE
FABLHINE] AP 4. IGIV ANGEIE IR I JiAR 1) 22
SEPE, AIAESHARESE S AB N iy ¢, IGIV A HY
SRR TN BT AR SRR AR, B4 oo
S MR BETE AR I SZ 0k, R FESIEIAMA RS
FAAER 7+ WA 7Rk 507 T 40 f w2
PR MR L TC. 224, s tEir, fedk
R ST FEPUARFE Y, B FDA fibif H T Ab s &
REENG, 1097 AD Rl R AT IF 9T ok 2k ®Y 3
TN AN I R I W5 T IVIG YAy7 % b i AD H
BT 5 BB RE S H IR, I AR
IR, 3K AR FHR, N AnThRESE 5 8 4l
B%EEAD ZIRE S 51 18 4 HikE, w6 M HE
Sk, BE 3 AHIEEHSZ 9 NH, W2 ELr,
A TP EAN BN R A 64N H I CSF AR B SIS,
THUEIITH LK, J5 94 H CSF AB FRKIRAIK
6 > H I it BRSOk S 538 (MMSE) V43 B 3 {E T
2.5, WETHIBEERL KT, 59N ARERGE
AR B 1 TS 24 ) AD 2R E S 5 10 2 R
XTI RS, 45 R WoR B T LL 0.4 g/kg IVIG
WIT IR IR 45 St A, NGNS BV T Ak 7,
13k 3 AN AT B R TVIG 7] 8048 AB K. B
AD SER, (H/NFEAR BRI SEMER 72, Reg bt
WITHIE ST 7% . Mk, Dodel % ™ 5z T i
A5 K IVIG 2 Hra0onf BT RS, g\ 58 4355
E R E PR AD B3, 8 6 MRlEdl, W
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WSS, S BRUHE BRI T it AR RSk Fi S5

Ji 0.1 g/kg. 0.25 g/kg. 0.4 g/kg ik 45 7 Octagam
A 4 F 0.2 g/lkg. 0.5 g/lkg. 0.8 g/kg, WHRHZT
AR, 324 . S5 RIRF IVIG 24, Bk
AT TE 2E Ac iR AR R e IR TR g
IR AB ARG ] e mIi RS i, “F-FDG
PET %75 056 4 P 00 3850 P A 41 8 gl 3 sk 12, 30
IR S FRREA G T B B B O . S AT
&, RIS AR & B IVIG X 3 AD 54T
SR BRI ANRRE /A 2 X IRR N
FURF SN A0, AN RE 58 42 15 € IVIG 97 4L
KN RE . KA 2 FF. Gammagard (1)
I AR 6 A BF 2 JE1 45T 200 mg 1Y, 400 mg Hiikmg %
REFNG T 390 4] AD ik # 35 18 AN, A1 R B
HRKH G 2FR L, 2013 45 5 4 oA (1R 56 5
P WA Wik 5% AD HE REIES, IR T 9K
B AR AT 2k R PR T RE I 45 T 2R Ak
T AD BRI R AT A T T R AEA
ALSEPER BRSO, P PAME DL T AL B AR
171 NewGam 10% (Octaphrama) IT 33 56 1% 108 55
TIAEFE N KNP A (amnestic mild cognitive impairment,
MCI) 75, MCIL 3N AD ¥R, 3200+
T BT 7 fi# IVIG 98Ik MCT 1 & 2 AD () {H
TEVEHEF HEAT R 2 vl BEAL. XTI B4,
RGN 350 4 42 b E AD R, R Rk B
Flebogamma [¥] % 4 VEFI NN DhRE. AT A1
ARk, HANEEHESEZIRHE, vt 2014 4258
IVIG J& 248 RIPUR e ityy AD [l H Al A
THAERETAEVR T AD J7 R4S S vkt g, BLAEAS
HIVIG S5 AT BN A5 18 I8 0 I 1 . % T AD i
PR B 2 e, A ] 22 e BE B TVIG 5 BR AN [H)
JE AR AT 80— 48 U B e BE DR . TVIG A7 AE I
AR ZE. B IhReIE. W RS HEA R RN,
R EABART R R B mkBEtE. PR BETI08.
Sy 3 i fi I PR S v 9 TVIG mT g sE A
34 WahRBZIRTHA R

o S Jo g e I T AN RO AR GEHTAR T
Fo DA G 12 40 L 181 40 J BT 23 il S TR R A
SN, 3B CAARY v B U LT RS CAA K,
AR MR B 5 e s IR IR T ML BE 3 R L
FEVERD IR N, 5T AR BitA 5 IR AEME A3 CAA
KA, XY RE ORI, Bl R A o
VERR . AN S MU AR AE R BT IF R R AT
s BYo HABR ROV IR S %2 UG %,
RAHUH i AN B o

4 FEEESK

I 10 452K, Otk T 20k i alidudk, 1EH
S0 W M AR tau A1 APP (K] B- 4 Wb g 24 ff 17 A
o, Pt AP RN Z . BB/ BT REPUA
REMAPE, RE TS 1gG Bk e b m
FSER) ), 2285 1gG 1) Fe X, 538 ok i fiw e Fig
A B ) S AR IR S AR PR A e X
Kpuhfaprlags & F B Fab 8¢ F (ab)2. RAEPLIA
PL A& A A% [X V-domains. X %F 5 M i &
(bispecific antibodies) &5. scFv V-3 WIRAL, #AM
FRZAEHT . U IR 40 i 25 1 AR MA SO A 45
A A AR A R ISR B N R AR, AD
DA BURT R KRB B R I A a6 T e s, TR
PR e a3, e P B
& Fe EAPUAE RPN Foy SZ2ARSE A IS,
GAVEAFLIR R, W MABTS102A % Fey 324456
IR, M. %S Pk Fe X5 Fey 524k
()45 G AL R AR, JRREHR ek, N B
Bapineuzumab. Ponezumab F1 44 fT K H i H T I IR
WF 9%, Paul 28 B $ 1 IgM 28 i 1k #1414 (catalytic
antibodies) H T4 47 AD 1] B & ¥4 MURF LA H o
54648 1gG ML, IgM Bl A2 08 19 K = A2, £
SERA RGN, AR TESEOL, W KEIERR AP 5
Rk, 4, Rrmach Kt /EH. T8
K AR LR IR A WE S AL, DNA AR iy SR
W Th2 40 M A AR AR S e 3, e Ak I, 4 A
2H 8 S5 E Bl 7 T DR A DNA 2 B 42 Js PEAIG T
WL, PRI PUATTE RSV N AR JRAR
M2 FRG5F o AP K& D89 1 ol 5 AR 452507
i, AN TS, AR W REAE A o B IR T R Tk
TR 5T B,

AD iR 2%, BEAE R, (UE R AR JF
ANBERH IR IA F1 AL, AR BE B TR B 5 116 K AD
()7 R R FEA E ARG, tau B2 115 AD IR IR
KIMKRLEY), tau pHREN RS AR FAE I
RABE Z BREA, Fit, HREED tau 8 H
2 AT AR IR — R AR (1 S 07 i B 2006 4,
Rosenmann %5 P 1 530047 T 41 tau g, Al A
K E A tau B3 F3) 5% CSTBL/6 BF A4 4 ME R
5T tau Hidk. IS Asuni 55 7 UESE ) Sk
FEAEBIPT tau PUAR TR IS BRI R E tau, b
tau fiff 2 10 FH P22 21 Y i 45, k1% tau g BE 2E .
Boutajangout 25 ¥ i il PHF1 #{ 5 % )% IRk 2% T

scFv,



56 EAIRARAE

26k

tau Jp5 BEGE R FI D BE AL 7, (H AT 3% P3OIL S48
ANEIIAEAE SR, AT T i ¥ A tau PUIEER AL B,
AUPT tau G LA IRIRATIT T, LA S B IR 8
TEIRIT RURS 55 W R 58 A I I o tau A7/ TP 48
JCARILN, BT tau G VR ST S W] e A AR A HE, gk
NI R Y v 7 AT K A

APP 1] B- 43 WA SR A7 1 IR Bk BT 2 o e v
J7 ¥R, 2007 4, Arbel Fi1 Solomon™ 2 H! 4 APP
(1) B- 70 W B FR AT i Bl I &5 APP A 340l B-
I3 UAIE I ZEAERT, TS EA N AR BRIK— K
3, Rakover %5 Y K = 4¢ 4 A Pk BBS1 I P
o Tg2576 B3R, RIVNFIZREE . tER
F1%) 0 18 228 SR AR 0T ) R A e BRI, A W) 21 i
AP /K45 . Rabinovich-Nikitin 25 ) B 575 ik =5
W4 TR TER FEBEE RIS 28 £ Yk g 25 1) 3x Tg-AD
HILR B PUR BBST AL EE 1 AN H, & tau FIUBER 1L
tau KPR, NEICSE . BB SORE DR AR, AR I
KAE T tau Al AB £ AD BEFE (A2 Bl b [F) 4 FH
itk BBSI A5 AP 454, AT S 7kt af 55 A
EYIN

5 REERE

I R T S BN DI S SRR SRR 2, (HIEN I
PRGNS (1 B0 TT 25000, C 58 ) T 156
K2 UURME 2, ey AD LT g ER. K
W) S DR AT RE 2 AD S S Y AN RERE 475 B e A28
AD RZ% (R BURFAE, TR ERSIDIN AR BB EK tau
LN AD BERE AP RCRZZ . H AT e if
F7 L] 2 TR B BLSCR ( N i ASRERH
bR S RIN IR R TR, Shait
FURCR A RE S8 P =T IR, AR BEHR. H
ZRIRATPEAR 5 DR B S5 PR 45 SR - T) PR A L
WIRFRE— 2D o e BT A7 2Bl R0
£ oo NP N (A LT TR W i N T
IR I R 45 Jad DA 7 925 0 T LA i v 5 A 2o
e R AL L) BTG IR I ) AD S8 RN &
IERARK N R, 20 8 R P S BV T e R K
PRARE IR ke # . 7e 50 AU AD [ S el FE
SORME, TR I 6T 2 SR H i
HIZ

[Z& # XX #k]
[1]  Cipriani G, Dolciotti C, Picchi L, et al. Alzheimer and his
disease: a brief history. Neurol Sci, 2011, 32(2): 275-9

(2]

[10]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Jack JCR, Knopman DS, Jagust WJ, et al. Hypothetical
model of dynamic biomarkers of the Alzheimer’s
pathological cascade. Lancet Neurol, 2010, 91: 119-28
Hardy JA, Higgins GA. Alzheimer’s disease: the amyloid
cascade hypothesis. Science, 1992, 256(5054): 184-5
Serrano-Pozo A, Frosch MP, Masliah E, et al. Neuropa-
thological alterations in Alzheimer disease. Cold Spring
Harb Perspect Med, 2011, 1(1): a006189

Leszek J, Dobrzanska I, Gasiorowski K. Alzheimer’s
disease--immunological aspects. Acta Neurobiol Exp
(Wars), 1993, 53(1): 351-5

Gasiorowski K, Leszek J. A proposed new strategy of
immunotherapy for Alzheimer’s disease. Med Hypotheses,
1997, 49(4): 319-26

Solomon B, Koppel R, Hanan E, et al. Monoclonal
antibodies inhibit in vitro fibrillar aggregation of the
Alzheimer B-amyloid peptide. Proc Natl Acad Sci USA,
1996, 93(1): 452-5

Solomon B, Koppel R, Frankel D, et al. Disaggregation of
Alzheimer B-amyloid by site-directed mAb. Proc Natl
Acad Sci USA, 1997, 94(8): 4109-12

Schenk D, Barbour R, Dunn W, et al. Immunization with
amyloid-p attenuates Alzheimer’s disease-like pathology
in the PDAPP mouse. Nature, 1999, 400(6740): 173-7
Bard F, Cannon C, Barbour R, et al. Peripherally
administered antibodies against amyloid B-peptide enter
the central nervous system and reduce pathology in a
mouse model of Alzheimer disease. Nat Med, 2000, 6(8):
916-9

De Mattos RB, Bales KR, Cummins DJ, et al. Peripheral
anti-Ap antibody alters CNS and plasma A clearance and
decreases brain AP burden in a mouse model of Alzheimer’s
disease. Proc Natl Acad Sci USA, 2001, 98(15): 8850-5
Streit WJ, Mrak RE, Griffin WS. Microglia and neuroin-
flammation: a pathological perspective. J Neuroinflamma-
tion, 2004, 1(1): 14

Rogers J, Strohmeyer R, Kovelowski CJ, et al. Microglia
and inflammatory mechanisms in the clearance of amyloid
B peptide. Glia, 2002, 40(2): 260-9

Deane R, Bell RD, Sagare A, et al. Clearance of amyloid-$
peptide across the blood-brain barrier: implication for
therapies in Alzheimer’s disease. CNS Neurol Disord
Drug Targets, 2009, 8(1): 16-30

Weiner HL, Frenkel D. Immunology and immunotherapy
of Alzheimer’s disease. Nat Rev Immunol, 2006, 6(5):
404-16

Bayer AJ, Bullock R, Jones RW, et al. Evaluation of the
safety and immunogenicity of synthetic Ap42 (AN1792)
in patients with AD. Neurology, 2005, 64(1): 94-101

Fox NC, Black RS, Gilman S, et al. Effects of Af
immunization (AN1792) on MRI measures of cerebral
volume in Alzheimer disease. Neurology, 2005, 64(9):
1563-72

Vellas B, Black R, Thal LJ, et al. Long-term follow-up of
patients immunized with AN1792: reduced functional
decline in antibody responders. Curr Alzheimer Res, 2009,
6(2): 144-51



4] WK,

5 R SRR TR (PRS0 57

[23]

[24]

[26]

[29]

Holmes C, Boche D, Wilkinson D, et al. Long-term effects
of AP42 immunisation in Alzheimer’s disease: follow-up
of a randomised, placebo-controlled phase I trial. Lancet,
2008, 372(9634): 216-23

Boche D, Donald J, Love S, et al. Reduction of aggregated
tau in neuronal processes but not in the cell bodies after
APB42 immunisation in Alzheimer’s disease. Acta
Neuropathol, 2010, 120(1): 13-20

Gilman S, Koller M, Black RS, et al. Clinical effects of
AP immunization (AN1972) in patients with AD in an
interrupted trial. Neurology, 2005, 64(9): 1553-62

Pride M, Seubert P, Grundman M, et al. Progress in the
active immunotherapeutic approach to Alzheimer’s disea-
se: clinical investigations into AN1792-associated
meningoencephalitis. Neurodegener Dis, 2008, 5(3-4):
194-6

Wiessner C, Wiederhold KH, Tissot AC, et al. The second-
generation active A immunotherapy CAD106 reduces
amyloid accumulation in APP transgenic mice while
minimizing potential side effects. J Neurosci, 2011,
31(25): 9323-31

Winblad B, Andreasen N, Minthon L, et al. Safety, tolera-
bility, and antibody response of active A immunotherapy
with CAD106 in patients with Alzheimer’s disease:
randomised, double-blind, placebo-controlled, first-in-
human study. Lancet Neurol, 2012, 11(7): 597-604
Schneeberger A, Mandler M, Otawa O, et al. Development
of AFFITOPE vaccines for Alzheimer’s disease (AD)--
from concept to clinical testing. J Nutr Health Aging,
2009, 13(3): 264-7

Black RS, Sperling RA, Safirstein B, et al. A single
ascending dose study of bapineuzumab in patients with
Alzheimer disease. Alzheimer Dis Assoc Disord, 2010,
24(2): 198-203

Salloway S, Sperling R, Gilman S, et al. A phase 2
multiple ascending dose trial of bapineuzumab in mild to
moderate Alzheimer disease. Neurology, 2009, 73(24):
2061-70

Sperling R, Salloway S, Brooks DJ, et al. Amyloid-related
imaging abnormalities in patients with Alzheimer's disease
treated with bapineuzumab: a retrospective analysis.
Lancet Neurol, 2012, 11(3): 241-9

Blennow K, Zetterberg H, Rinne JO, et al. Effect of
immunotherapy with bapineuzumab on cerebrospinal fluid
biomarker levels in patients with mild to moderate
Alzheimer disease. Arch Neurol, 2012, 69(8): 1002-10
Oddo S, Billings L, Kesslak JP, et al. A immunotherapy
leads to clearance of early, but not late, hyperpho-
sphorylated tau aggregates via the proteasome. Neuron,
2004, 43(3): 321-32

Castellani RJ, Perry G. Pathogenesis and disease-
modifying therapy in Alzheimer’s disease: the flat line of
progress. Arch Med Res, 2012, 43(8): 694-8

Siemers ER, Friedrich S, Dean RA, et al. Safety and
changes in plasma and cerebrospinal fluid amyloid B after
a single administration of an amyloid  monoclonal
antibody in subjects with Alzheimer disease. Clin

[33]

[34]

[38]

[39]

[45]

Neuropharmacol, 2010, 33(2): 67-73

Uenaka K, Nakano M, Willis BA, et al. Comparison of
pharmacokinetics, pharmacodynamics, safety, and
tolerability of the amyloid B monoclonalantibody
solanezumab in Japanese and white patients with mild to
moderate Alzheimer disease. Clin Neuropharmacol, 2012,
35(1): 25-9

Farlow M, Arnold SE, van Dyck CH, et al. Safety and
biomarker effects of solanezumab in patients with
Alzheimer’s disease. Alzheimers Dement, 2012, 8(4): 261-
71

Samadi H, Sultzer D. Solanezumab for Alzheimer’s
disease. Expert Opin Biol Ther, 2011, 11(6): 787-98
Grundman M, Dibernardo A, Raghavan N, et al. 2012: A
watershed year for Alzheimer’s disease research. J Nutr
Health Aging, 2013, 17(1): 51-3

Wilcock DM, Rojiani A, Rosenthal A, et al. Passive
amyloid immunotherapy clears amyloid and transiently
activates microglia in a transgenic mouse model of
amyloid deposition. J Neurosci, 2004, 24(27): 6144 -51
Burstein AH, Zhao Q, Ross J, et al. Safety and
pharmacology of ponezumab (PF-04360365) after a single
10-minute intravenous infusion in subjects with mild to
moderate Alzheimer disease. Clin Neuropharmacol, 2013,
36(1): 8-13

Landen JW, Zhao Q, Cohen S, et al. Safety and
pharmacology of a single intravenous dose of ponezumab
in subjects with mild-to-moderate Alzheimer disease: a
phase I, randomized, placebo-controlled, double-blind,
dose-escalation study. Clin Neuropharmacol, 2013, 36(1):
14-23

Adolfsson O, Pihlgren M, Toni N, et al. An effector-
reduced anti-B-amyloid (AB) antibody with unique A
binding properties promotes neuroprotection and glial
engulfment of AP. J Neurosci, 2012, 32(28): 9677-89
Aisen PS, Vellas B. Editorial: passive immunotherapy for
Alzheimer's disease: what have we learned, and where are
we headed? J Nutr Health Aging, 2013, 17(1): 49-50
Garber K. Genentech's Alzheimer’s antibody trial to study
disease prevention. Nat Biotechnol, 2012, 30(8): 731-2
Moreth J, Mavoungou C, Schindowski K. Passive anti-
amyloid immunotherapy in Alzheimer’s disease: What are
the most promising targets? Immun Ageing, 2013, 10(1):
18

Magga J, Puli L, Pihlaja R, et al. Human intravenous
immunoglobulin provides protection against AP toxicity
by multiple mechanisms in a mouse model of Alzheimer’s
disease. J Neuroinflammation, 2010, 7: 90

Dodel RC, Du Y, Depboylu C, et al. Intravenous
immunoglobulins containing antibodies against 3-amyloid
for the treatment of Alzheimer’s disease. J Neurol
Neurosurg Psychiatry, 2004, 75(10): 1472-4

Relkin NR, Szabo P, Adamiak B, et al. 18-Month study of
intravenous immunoglobulin for treatment of mild
Alzheimer disease. Neurobiol Aging, 2009, 30(11): 1728-
36

Relkin N, Bettger L, Tsakanikas D, et al. Three-year



58

EAIRARAE

26k

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

follow-up on the IVIG for Alzheimer’s phase II study.
Alzheimers Dement, 2012, 8 (suppl 4): 589

Dodel R, Rominger A, Bartenstein P, et al. Intravenous
immunoglobulin for treatment of mild-to-moderate
Alzheimer’s disease: a phase 2, randomised, double-blind,
placebo-controlled, dose-finding trial. Lancet Neurol,
2013, 12(3): 233-43

Loeffler DA. Intravenous immunoglobulin and
Alzheimer’s disease: what now? J Neuroinflammation,
2013, 10(1): 70

Prada CM, Garcia-Alloza M, Betensky RA, et al.
Antibody-mediated clearance of amyloid-f3 peptide from
cerebral amyloid angiopathy revealed by quantitative in
vivo imaging. J Neurosci, 2007, 27(8): 1973-80

Wilcock DM, Jantzen PT, Li Q, et al. Amyloid-f
vaccination, but not nitro-nonsteroidal anti-inflammatory
drug treatment, increases vascular amyloid and micro-
hemorrhage while both reduce parenchymal amyloid.
Neuroscience, 2007, 144(3): 950-60

Robert R, Wark KL. Engineered antibody approaches for
Alzheimer's disease immunotherapy. Arch Biochem
Biophys, 2012, 526(2): 132-8

Paul S, Planque S, Nishiyama Y. Beneficial catalytic
immunity to AP peptide. Rejuvenation Res, 2010, 13(2-3):
179-87

Rosenberg RN, Lambracht-Washington D. DNA Ap42
vaccination as possible alternative immunotherapy for
alzheimer disease. JAMA Neurol, 2013, 70(6): 772-3
Gotz J, Ittner A, Ittner LM, et al. Tau-targeted treatment
strategies in Alzheimer’s disease. Br J Pharmacol, 2012,
165(5): 1246-59

[56]

[58]

[59]

[60]

(61]

[62]

Rosenmann H, Grigoriadis N, Karussis D, et al. Tau
pathy-like abnormalities and neurologic deficits in mice
immunized with neuronal tau protein. Arch Neurol, 2006,
63(10): 1459-67

Asuni AA, Boutajangout A, Quartermain D, et al.
Immunotherapy targeting pathological tau conformers in a
tangle mouse model reduces brain pathology with
associated functional improvements. J Neurosci, 2007,
27(34): 9115-29

Boutajangout A, Ingadottir J, Davies P, et al. Passive
immunization targeting pathological phospho-tau protein
in a mouse model reduces functional decline and clears
tau aggregates from the brain. J Neurochem, 2011, 118(4):
658-67

d'Abramo C, Acker CM, Jimenez HT, et al. Tau passive
immunotherapy in mutant P301L mice: antibody affinity
versus specificity. PLoS One, 2013, 8(4): 62402

Arbel M, Solomon B. A novel immunotherapy for
Alzheimer’s disease: antibodies against the -secretase
cleavage site of APP. Curr Alzheimer Res, 2007, 4(4):
437-45

Rakover 1, Arbel M, Solomon B. Immunotherapy against
APP B-secretase cleavage site improves cognitive function
and reduces neuroinflammation in Tg2576 mice without a
significant effect on brain af levels. Neurodegener Dis,
2007, 4(5): 392-402

Rabinovich-Nikitin I, Rakover IS, Becker M, et al.
Beneficial effect of antibodies against f-secretase cleavage
site of APP on Alzheimer’s-like pathology in triple-
transgenic mice. PLoS One, 2012, 7(10): ¢46650



