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JBEGORFAEMES (RIREREETFRER)
RavFEmEE

PIIVRBERET A )V X PRI QBRI L )N BT 5 B FF Of#T
HRAEE WE ez EXMBRENFR PRR

MAEE

IAZXTAIVA (B NEEARETAIVA, HIV) BEEDORKOMEIL. HARARPEBIC
BWT T filBEAEEPHUE (NAb) RISDREZHENEBERRER LT IETH
B8, TORIMBEIZHS N TV, R LEEITEE, SIV (TIVREREYA
WAR) BRIINIA ZETIVIZBW TR O NAb SEHEIC K 282 T M
BETUEZF - PR IR R Z A U 87 & U TRNMRHIE (DC) A Fe &1 NAb-
DAV AR FEEERBOADEHEIT K S HURIERTUHEDN D 0 5 D alaEtk 2 B U7z, A
FETld. NAb ZEhGEZmE S Uz, KIE - MR ZEIC X 2MENRTA XTAIVA
BAEEMHEHE DB 7 2 BRSO 21T o 72, £9. NADb HURIEREEND DC Z& {4k CD64 O
BE5E2RH L. NAb FE FTO CD8 BBt T Ml DR A9 CCL4 EEAETTHEE RH Lz,
T SITHRIT K D cross-priming AVRILT D & WD HRICE D EZEREFARDOFFIFED
BEEOREZREER L. Ik - FHHUE (nNAb) ZRKERFEE ELISA IiTAZ U —
Z2TL, BRWFFFATHEA LA NAb SR UK FHEAREEZHE T 5 nNAb 22k L, SIV
RV ZBRIE T SEREIT o /o, WEBEST L1 EREIE 2T LU /cR5%E,. nNAD
WEHBRE L NNV TR I ABEMGIEEZ M 5T 212005 T, @EF L X)L TIdEK
RRSLBOZEREICLSFRERMEILEZELERNWIEZRB Uz, BHFKICLD,
SIV BRI O FiRZ E % E 1 X % non-sterile 72771 )b 28 B HIHIRFIZ I E 72T 1
JVAHFFIRENHEATH 2 Z EFHNTHD THS N ER D ZHUSFRITURFEE R T
IARTIF UHARENDERFREDDIEBRZARTH S,

A HFEER
IARXT1IA (BEbREAREYAIVA, HIV)
DBEREERL VBT SO TEETH S

ZEEEEMEERB LTIV AT HURICDE,

ZDOVEREF O 2V ET IV % Wi
ShEL. FHIAXT T RFEAN O ER
zRHT I EE2ARMFIZARE L L.

TAZXTAINARRIEICR TS, bk zeREE
T ORMERZEINEDOMEMFITEEITELETHS
MWERO>TWERMNo Tz, THITHUMEREZEZ
SIV BRIV ETIVE R, B O Tk sz
BB K OREN T HIROFBETENED, Fik
AR IEN RN ERICE I NS EZ WD TAEH
L7z (Yamamoto H, PLoS ONE 2007).



ARFEISZ O REREZ, PRFUROEEL NV
B A 12 BT, FURTRRTLE /NS — > DR,
ROFHE <N 541 SIV Mkt 5 E O REN EDEE
BH 20 & HLHICEHE L /2.
FDEDIT, RO 2B THAEZED .

1. B4, Rk 2N Uz SIV FURIRRTUE % 7
Z PRI 2 AR OBER B L O FiR-SIV &4
ISV Z BRI AR & 0 8 X N D MR S O fEAT
ZiTo 7,

2. BERAIILIZ 3312 T NAD 12 & % cross-priming JTiff
DENLT B ENDYIFEERREEZEEL, NAbIZLD
SIV il O FREE DSBS M 21T 5 291T SIV
G - EPMPAROREY I ZEHREERET WV,
Jo1 BE A S S R D 1R RS E DR 217 0 7=,

B. BFFEAHE

(H22) NAb IZ k% DC HuE R TTiE D BT

SIV &GS (T7 75 —T MRl FHsFHE
TN, MmH YAV A BRI T IS S s
A BkOT L — MMIEBERRMEEL D GM-CSF
KO IL-4ZMWW5 HEEE L CGRRENZE L /28t
WHIR I P RIFUR S HEA L7z SIV ZUVA L., BE
HSRRMS M B AL ER (PBMC) &g, HiFER
MHRNY A M A VEAZTO—HA M A—F—
IZTCHEIE Lz, ZORICEROZEARILETK ZHR
mu. FEE T ML ORI IO 5 ZE K E
BMEL,

(H23) SIV IR RIHfR (nNAb) 8% £ BRUE(E
1 : SIV B O NAb ZBh%ERIC BT 5 CD64
REL 47144k oD 2L B2 T (1 22 B

T HTHIVERIC SIV ##fE1%2 7 HHIZ NAb Z&%
B L/ CD64 fEa ik, mPo-1 IV
B & NAb ZEFREEHEO DC /7 SIV 7/ LK.
U > /\HiH SIV p27 k& CCR7/CD11c B3k DC D
ARZTE L7z,

2 1 NAb IZ X % SIV Hlf#IERF D HFIRE D B 54
SIV BHlF DH1 SIV A5 6 « IEPRTURZ B HREER
HUFIERT w1 T NAb DNBEHHER &7 578 0

R CTLO CCLAEATIRZFHBE L Z L E2EHL,
ZORIEDOAHERNTE T Z &2 BRI DRI T
& (FFEIR) feEA L), THfgEsa Xz SIV
G - EHRRIPUE (nNAb) OZEREERZETO
Pl O

OSIVmac239 i T W7y HIVEEA ) —=
2T Uy UAIV AR RE MR E 730 o T AR O 1
BELORY7O0—F)V IgG 2ER L 7=,

@Bt SIV BRI F 2R & L7z ELISA REBIIL
7=. )L T #iatk (HSC-F) #kic SIV ZREH X |,
EEPICEAINDTAIINA R a BIBEARIRIC
LUK, 96 KT L — MZEMIILL . SIV ER
HDNIIEBRETIIOmMBL OB L-RY 70—
FVHikzE B & U, SHEE R T TRIEEE
EPURERIC K D BHUED SIV R TICH T 24 E1E2
A L 7=

Q@EFRORICHEDE, WRIFTHEA L/ NAb &
OB THAREEA T 5 nNAb 2%k L7,
@;&#7 L7~ nNADb % f 7z SIV &2l o2 8%
BB L, PURICHPRIRED 72 < CD8 B3t T
fFEIZR 0 S 2 HRER THEERENE SN 50
Z i U7z

(H24) nNADb 528l 505 55 O Ji R fi AT

7 R )VEIC SIV 2451 7 H BT nNADb 300mg
EZEGE L. BLTFICDWTEER (2 E5SH8 5 5,
HHIBHE 6 F) TR L D DRBEIICARAT 21T /.
T K D ZEREFRIC R RIRED 72 <. CD8 Btk
T MIRRFEEICMm D S 2 HiFEER T SIV ERHIH 5
S5NDMEFTMEL 2.

1. ZEsEmkOH SIV Hifkfi : Yz 2% > 70
VT4 7R O LA 2 AT L7z

2. ADCVI (HifRfk MR E Y 1 L 2 E L)
REDFHME « H)VRAY M B ZER (PBMC) #1772
& —HiHE, H)L CD4 Btk T Mifask 22k & 35
PR ERIRRYE D 1 )L 2 E8=MH (ADCVD 7 v
A 2fTo/z. MBENITBWT HSC-F #*hic
SIVmac239 # R &, U1 ) ARV KD
PBMC & & D SIV BEH )N HMITdskd




L SIVARY 70— IVHROEFEE FTHEEZ 7
HE{TW, EBEFUAIVAEZ Gag EHD ELISA
FICTHEL ADCVIEROEEEITO /2.
3. MHATVAIINAE: mEEF A1) X RNA ZR{ %
WL/7=DB RTPCR, nested PCR Z17\), Reed-
Muench {EZHWTEH L /=,
4. M CD4 Bt Tl FH DA T — 7 EHhE
FRAEMEREK (PBMC) OXRMEHPREAIZELD CD4 Gt
T MR PO CD95/CD28 DFEL/NY — > % 7Hi
U7z
5. CD8 BBt T il - @ PBMC %, SIV
PURAXTF RTHIBL-E%EK B U > /83 (B-LCL)
EHIRE PR EAFAE TR L. Fr R IFN-
v EAZTEL 7z,
6. U ABEBEFIEN BB O miEY 1
VA Env EEEEESETEY LI N —0 T
ZETITW, BREOHFE ZFHE L /2.
(B~ DR &)
LRI BT DB R TFHABZAEYEEZRH NSHE
BRICDONWTIE, SEITS U7 B SRR R FERT O 1
BEARGR B K USCHM#RERTR (58 M A e
BT EMRHFERKR) ZHED D Z1T7-57z.
ETOBMERIT. WHEEBIOHMEEMEOE
RS, ESLERPEMER. EELBHIETT OB
EBREERORE - KRDL, EREBHRANEE
HERZMFEL Y —IZT,. BMEREERXVED
TV BEBHA K51 iz THR L.

C. RS

(H22)

1 : FRIHURZ N U7z SIV FiRRRTUE % 7] 2 #HIR

M54k Fey RI (CD64) DORIE
EROZBEFEFIAZEBML T, FEN T Mk

BT RICHED 2 ZEM MR LR, BE

K12 FcrRI (CD64) FrER#EEHUAE—FIREICT

M ZTAARIZ BN T, HURRF AT CD4 Bk T M0

IFN- 7 EEAE e X /2. —75 Fer RIII(CD16)

B RS ZFEEICMAZREICBW TR UK

EOEWIITD SN o7z, ZOEMITRIERT 2
FrREA CD8 BHEHIRISEICB N T X DI
537z,
2 HRIUAR-SIV &4 UL ZABHRMIEIC L 0 %8
X N DA S DR FURER A CDS 1% T 4
fillz k% CCL4 (MIP-183) EA
FRORERRY v OBREEDOY 1 N1 >
BEAENY — AU, fURRERP CDS Bt
THIFEERNIZBIT S CCL4 MIP-183) EADREIRK
JUEERH L7z, £<EU CDS Bt T ML %
SIV HiUEHE B U > /\#FEk (B-LCL) &3tfgsgxy
7oBRX IFN- v O A O RN ZEATTE ZR D727
B, miFEE THREERCE2DOTIHREL, FFERE
REEORFES T FINONYT = DHEICLD
CCL4 AT RE MR T 2 ATREIE AR S N7z,
(H23)
1 : SIV B4 O NAb Z B ERICHI1T 2 CD64
FHEHIfR DL EE R
Ty FRA 2 MfA Y )L XA &I CD64 Fifkdk
EEECHRBEXOEMT 2R AE SN, Bk
T D HLR D R FTRE O BTN & R BB & RO g
ZRE LT,
2 : NAb 12X % SIV HlfHIEF o FhRIEE O 2B 3148 -
SIV 4T ELISA % Tl SIV B A kO
RO SEIREN S BELBEETE/RTH o2
(K1), FHliL 7z 10 BN S, TR THEM
L7 NAb LRUK FHERZET S 3 BHBkD
nNAb ZZhk L7z,
(H24)
SIV @2 th il nNAb ZE)HREEE .
L7z nNAb (A5t 300mg) % SIV B2
(Day 7) IZBWTZERELER, TiLzH.
1. ZEhfEmRObt SIV HU4f
ZEGREHROF SIV HikMiidERE 0.5 BB T
nNAb Z B IE# O A 2B THRE X 1. de novo Hilk
VI B TR 5 EFTR T —HRICRH 239,
R OZIIERE 12 ARFATRO SN Ro7k
(B47T)s




2. ADCVI (FuiRk FIERIRaME D 1 )L X B =)
AE D FTAM « A= BE Y #ilE O YR EE (0.1~ 1mg/ml) O nNAD
2k 2EW ADCVI #EZEMER L. ZERE LK
DRNBEH YT ADCVI {EENREINI B T &N
rEEIn (K4 k).

3. MATAIVAE:
SEREER - £y MR R BERES, B
MPIEZEREREIIRRD, HRFI I EE &
LTUMNABDEREZRDIEMN D7z, FERITK
0., BRSEHOFRZENREIZ XK S non-sterile 73
SIV #E&HHIIIPAEOHFREENALETH 2 Z &M
BHoMhEzo7k (F2).

4. M CD4 Btk T HIEP D AT —HHELE -
CD95 B CD28 Bttt > h SV AEY — (CM) 4
H, CD95 BHEAEY —SEONTNIZBNTD
HRTERZRDMN o7 (M 3A, U-test CM: p=
0.52, EAEU—: p=0.75),

5. CDS8 Btk T Mm% @ BEEK 30 @ TO SIV
LR R TFN- v BV STV BEAORE, B 1L N
WINEBHBTOERZRDN > (K 3B),
6. UV ARSI . nNAb ZE FERE T
Env V1 EBICBIT 2 IEFRE RO 1 F
THEWERZRLEZDOO, ERIIAEEE LS
BT ho/z,

D. ZR

AT, BERICHBIT 5 NAb IZ L 2 HiRIERTT
H#1Z CD8 B T MIfE® cross-priming 73845 Z
CERBUAFEERZRICRD, PHEOR WA
SIV §iikZ B e R I R L )L DDA )L A BB
WrAFosNSFREEZIMYT 5 2 L 2EEMRL T,
SIVmac239 #& &1 - EHFMPUEOFHHEZ 7 U —=>
7« ¥EE %7\, SIVmac239 fE&1E - P RvE

(nNAb) OEFEAEHHOZEREERZIT o/,

nNAb 12 X 2R ROMIERIIRD 5T, Hit
WF3E & FE . PRI K D non-sterile 72 SIV HI#HIZH
TS PRIBE DML EENFEA S NIz, PRI ZEL
B EAT o I AT FRICB N TIIONRRREEEOY

IV AHRHEED T AN DEF G0 E 2 5 N2 hY,
ZDIEQICET 2 HEENABRB TR TN,
HEE LT ETRAACHRNTHEEI NI HR
E720 D ZFEE) CD4 BB T MR DB 5 D irE
PARTRIs Al ReENE X 5Nz,

AR ORER. EHEORBREN—ERILLIZDED
HIV/SIV fl#NZ 59 2500 1 )V A bk D3 &
WIRERITH D Z &N -2 &ITMMA, nNADb IZ
KB KL NIV TORRBEENDOFTF G 2HE L7z
D3E (Hidajat R, J Virol 2008; Florese RH, J
Immunol 2009; Barouch DH, Nature 2012) = D%k
RIIMBI2 D DICEE S e R E Nz, &
72, ZN5 T CD8 B3tk THIME & 4k & L= oD
I —NFEEINTRO, ENNEIEKILET
THolzZ ENSAFEHER & RIRD AT HE RO
SNebDEEZEND. —FH. BERITA IR
EXTOTFRERICE /2O TIRRLS, REHD
nNAb ZEGRENEGRICEEZEZ 5027 M
LDII5HBOBEEIRD,

PLEX D, dfifik & CTL HEOHMBEEREZEICL S
F )T non-sterile 7% SIV #E&HFHIZIZ. LLF DX
TV ITNETUERZDDEEZL SN,

Ot GRIH) TODA IV ZARF

@F R RN DBGA A

FFELA T MR %8 T
@ LEODW. FitkDw 1)) X FIEEIZ K 5 K A
CD4 Bt T #iK LA D IR

® LE@DOHERIC L 25 EH CD8 B T2 OB RE
{&fifi—non-sterile 72#8 E 4

E. %W

ABFFETIL. HiKIC K % non-sterile 72 SIV HiliHiCE
B RITIEETH D T ENRD LN HIREDLE
MR D7z TRiF#E (FURRR) BEEZA L.
THRFIRE & A X 7210 SIV #5& - JEF btk (nNAb)
DEZEHE 21T 572, nNAb O KERFRZT 1, SIV
K7 ELISA ZOFHRAI V-2 JRICEDTEH
2WFETHEM L/ NAb ERICKTRGREEET 2



nNAb ZZ# L. HILITBIT 5 nNAb ZERIEER
Zi1olz. RBREL XNV TIE+nR2 U1 ) AEEH
HEZ2ME5T2BOBBICHEDL ST, BEELR
BRI nNAb ZBREIC L 2EMERD T, SIV
BRI D nNAb ZEh R REe R I AE 2 &
LEERWI L2 R Lz, ABFFEICED, SIV B
P OFL SIV Tk 2B I & 5 U1 )L A EBLHIH
R E R YA I AT RENKEATHD I LA
WA H O TREH SN, AT RSP
NARFER T LA X7 7 F CRBEANOREMEE
KEHELEEEZENS,

F. BEBEERER
Biziz L.

G. WERE

1 MXHEE

(1) Yamamoto H, Matano T. Neutralizing
antibodies in SIV control: co-impact with T cells.
Vaccine 2852: 13-17, 2010.

(2) Inagaki N, Takeuchi H, Yokoyama M, Sato H,
Ryo A, Yamamoto H, Kawada M, Matano T. A
structural constraint for functional interaction
between N-terminal and C-terminal domains in
simian immunodeficiency virus capsid proteins.
Retrovirology 7:90, 2010.

(8) Takahara Y, Matsuoka S, Kuwano T,
Tsukamoto T, Yamamoto H, Ishii H, Nakasone T,
Takeda A, Inoue M, Iida A, Hara H, Shu T,
Hasegawa M, Sakawaki H, Horitke M, Miura T,
Igarashi T, Naruse TK, Kimura A, Matano T
Dominant induction of vaccine antigen-specific
cytotoxic T lymphocyte responses after simian
challenge. Biochem

immunodeficiency virus

Biophys Res Commun. 20;408 :615-9, 2011.
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cooperation against simian immunodeficiency
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Tsunetsugu-Yokota Y, Iwata-Yoshikawa N,
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progression after simian immunodeficiency virus
challenge in burmese rhesus macaques.
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IVEENOfENT. 58 26 FITA XERXFMER, BIR.
11/26/2012.

H A EEOHE - BEIRK
1 FEFR R

Zee L,

2 ERHEBE

BV VS

3 O

BV



1.24
- RO320

== RDG04
—&— ROGOT

& - RO16T

—&— RO3DS

== RO1E9

——R0D414

== RO605

- RO206

=&= D411

= RO204

=& RO315

- RO510

s -B-R0518

—= RO632

== Cantral Ab

B - Confrol Ab + No Ag
& 01%BSAPES + Ag

1.04

o
o

OD450 nm
=
o

0.4

0.2

o 0.01 10 100

0.1 1
1st Antibody (pg/mi)

M1 DA AT ELISA k&M Wz SIV #E - EFfbiE (nNAb) O#: & REFE

Ytk SIV ki T2 & L7z ELISA &ML L7z, BV THIfEtk (HSC-F) #RiC SIV 2, b
BERUAINAET aBREARKICKXOBEREL ., p27 BME T 10ng % 96 /X 7L — MZEH{EL 7z, SIV
D D WPV TR T 2R U 7 o—F)VHik (0.01~100 pg/ml) Z#EEE L. FEEE
HIIETFAE T CRIBEBEEUATEIC X 0 SHUED SIV R TFICH T 28 a 230 L7z, ARk T
B G RE. BRIIIETMPA THREER SR, ERIIFEFTRIUER CEBEGREER L ZEREROREZE
T FRIIBEENRE U TOREERBERO TR, REIIREMEE L TOFRBREERBERI> FOo—
IR DR ZRT,



P+) ——nNAb R06-029 (N.D.)

—=— Naive R10-002 (P+) (N.D.
B+) —e— nNAb R10-007 (B+)
) (E

) (

(
—e— Naive R10-005 (
—»— CAb R10-008 (B+) —=—nNAb R10-003 +)
—s— CAb RO08-014 (E+) —+—nNAb R10-004 (J+)

—+— CAb R10-001 (J+) —*— nNAb R06-006 (W+)
—+— CAb R10-006 (W+)

= 100000000+

10000000+ 4
1000000 M

100000+

10000+

Plasma viral loads (copies/ml

T T
0 5 10 15 20 25
Weeks post-SIV challenge

Relative CD4+ T cells (% of wk0)

T I
0 5 10 15 20 25
Weeks post-SIV challenge

K2 ThTYISIVEBRBEICBT2EFMbiIE (nNAb) ZEIRFEEROFR
T HZHINC STVmac239 #F ¥ L >V L7=0E OIfiiEd 7 )L ZBOERYIMICBIT S
R 2R . BARITOEEE (n=6). HFHIL SIVHEE - IEFfhiAZEHERH (n=5)
OFERZRT, K ID OMORLET MHCINT O 1 7, #llldRRsgEE, B
(i SIV Gag RNA I E—#, FEAME IR m+ CD4 B T Mifaokimzkd . #
Moo )V A&, CD4 > MZEIZRD S NRho /.,
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CD95+CD28+ CM CD4+ T cells

IFN-y+CD8+ T cells/million PBMCs

1]
s * 8 600 °
200 - " 1
= < = AT
S Q3
2 O 3 400-
= > E g
100- ) =t
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[ J
= § < 2004
E °l . ®
IS _9e7
0 T T I—Q 0 T T
N ] 2 x
O \Y (o) 0
$ \g & é?'
& g N
00 < 00 <
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1500+ 1500+
I Gag
] Pol
1000 1000 = Vif
B VpxVpr
500+ 500+
o . o[ 1
N wn = [<=} D ~ ™ < (o]
o o o o N o o o o
o o o o o o o o o
s 2 2 2 £ 2 2 2 ¢
1= 1s x o o o o [0l o

B3 SIVI#dfisifk (nNAb) ZENFZEERICHIT MM EERE
A, vy hRA 2 NIZBIT S CD95 Bk CD28 BBttt > b )L AE U —CD4 B4t T #iig
B K®UCD95 Bt A€ —CD4 Bt T MEf i OB 2R 9. RIIHE#E (n=6),
FIXSIVHES « EFFNEZHREHE (n=5) 27T, WTHIZBLWTHHMTERER
Y72no7z (Mann-Whitney #%& : CM : p=0.52, £XEU—: p=0.75),
B. WHICHIT DAL 30 AT D SIV HilFA RA CD8 Bt T MU & Dl ExR T,
BHEHICBNTIE, BETCTLHEDNY — VICEREZRD BN o7,



—B— nNAb cocktail —&— R01-009*
—e— R06-007* —¥— R03-005*
—©— R06-004 —— R06-005
—B&—R03-020 —%—R04-011

100 ?‘

3
=
8
52
3%
.-E g 50
R
2
[
E /
0 % :
0.1 1
Antibody (mg/ml in culture)
Regimen b Macaque wk
Haplotype 1 15 3 5 12
= P R10-002 - - - + ——
- B R10-005 - - - + ++++
CAb B R10-008 - - - ++ et
CAb E R08-014 - - + ++ et
CAb J R10-001 - - - + +
CAb w R10-006 - - - + ++++
nNAb B R10-007 = +++ ++ ++ 4+
nNAb E R10-003 - ++++ ++ ++ 434
nNAb J R10-004 - +++ ++ + +4+34
nNAb w R06-006 - +H++ 4+ + ++++
nNAb N.D. R06-029 - +++ ++ ++

B4 SIVIEHFbifAE (nNAb) ZEHGEEERICBTSBERELE
LB ZENGREITH VW nNAb Q&R ER, ROBERED 7 TIVHEORRENICBIT S
AR D 1 )V 2 EEMEH (ADCVD GE&2RT . HEFEBE 0.1mg/ml (H)L{EHEK
3kg ™ 300ml &A1 10ml, 30mg/ml O nNAb 2285 L /- & I & E L
BROBEZET) [T IT%EEDEME T SIV EEMFIRENRD 5 Nz, BHFFE TIT*ED
MOV 3EHRD nNAb ZBA& L T (L& : /) ZEREICHW .
B i B SIV FUR O ROSHUR OB ZE IR LZK. + @ Gag p27 Bk, ++:
Gag p27 XU\ Env gpl160 BHE. +++ : Gag p27 X Env Gp160 137 1 HLREBME, ++++:
Gag p27 &) Env Gp160 137/ 2 FilRLL LBE1E. ZEREHR EEZ SN 251 SIV Hiikif
WS 3 EE TR SN,
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SR 2 4 B

WIZERRR DO HITICRE T 2 —F&

HMER
FeRE KA im X1 bV FERin BE | R=U | HRE

Nomura T, Yamamoto H, | Association of  major J Virol. 86 6481-90 2012
Shiino T., Takahashi N, | histocompatibility complex
Nakane T, Iwamoto N, Ishii | class I haplotypes with
H, Tsukamoto T, Kawada M, | disease progression after
Matsuoka S, Takeda A, | simian immunodeficiency
Terahara K., Tsunetsugu- | virus challenge in Burmese
Yokota Y, Iwata-Yoshikawa | rhesus macaques.
N, Hasegawa H, Sata T,
Naruse TK, Kimura A,
Matano, T.

SRk 2 3FEE

HERS

FRREKSL XA IV FeF st B | R—Y | HRE

Takahara Y, Matsuoka S, | Dominant induction of Biochem 20;408 | 615-19 2011
Kuwano T, Tsukamoto T, | vaccine antigen-specific | Biophys Res
Yamamoto H, Ishii H, | cytotoxic T lymphocyte Commun.
Nakasone T, Takeda A, | responses after  simian
Inoue M, lida A, Hara H, | immunodeficiency virus

Shu T, Hasegawa M, | challenge.

Sakawaki H, Horiike M,
Miura T, Igarashi T, Naruse

TK, Kimura A, Matano T.

11




Ishii H, Kawada M, | Impact of vaccination on J Virol. 86 738-45 2012

Tsukamoto T, Yamamoto H, | cytotoxic T lymphocyte

Matsuoka S, Shiino T, | immunodominance and

Takeda A, Inoue M, Iida A, | cooperation against simian

Hara H, Shu T, Hasegawa | immunodeficiency virus

M, Naruse TK, Kimura A, | replication in rhesus

Takiguchi M, Matano T. macaques.

Rk 2 2 4EEE
FFRE KA E Al A FEF B5 | X— | HRE

Yamamoto H, Matano T. Neutralizing antibodies in SIV Vaccine 28382 13-17 2010
control: co-impact with T
cells.

Inagaki N, Takeuchi H, | A structural constraint for | Retrovirology 7 90 2010

Yokoyama M, Sato H, Ryo
A, Yamamoto H, Kawada

M, Matano T.

functional interaction between

N-terminal and C-terminal
domains in simian
immunodeficiency virus
capsid proteins.

12




Vaccine 28S (2010) B13-B17

Contents lists available at ScienceDirect

Vaccine

journal homepage: www.elsevier.com/locate/vaccine

Neutralizing antibodies in SIV control: Co-impact with T cells

Hiroyuki Yamamoto, Tetsuro Matano*

International Research Center for Infectious Diseases, The Institute of Medical Science, The University of Tokyo, 4-6-1 Shirokanedai, Minato-ku, Tokyo 108-8639, Japan

ARTICLE INFO ABSTRACT

Article history:

Received 15 May 2009

Received in revised form 19 August 2009
Accepted 18 September 2009

Keywords:

AIDS vaccine

Neutralizing antibody
Polyfunctional T-cell response

Human immunodeficiency virus type 1 (HIV-1) and pathogenic simian immunodeficiency virus (SIV)-
infected naive hosts experience a characteristic absence of early and potent virus-specific neutralizing
antibody (NAb) responses preceding establishment of persistent infection. Yet conversely, we have
recently shown that NAbs passively immunized in rhesus macaques at early post-SIV challenge are capa-
ble of playing a critical role in non-sterile viremia control with implications of antibody-enhanced antigen
presentation. In a current follow-up study we have further reported that NAbs mediate rapid elicitation
of polyfunctional virus-specific CD4+ T-cells in vivo. The NAb-immunized macaques mounting these
responses exhibited sustained viremia control for over 1 year, accompanied with robust anti-SIV cellular

HIV-1 immunity. Perspectives obtained from the results are discussed.

SIV

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction: NAb absence in HIV-1/SIV acute infection

Absence of potent neutralizing antibody (NAb) responses in
the very acute phase of human immunodeficiency virus type 1
(HIV-1) and simian immunodeficiency virus (SIV) infections is
one major manifestation of defective adaptive immune responses
in naive hosts, generally failing in containment of virus repli-
cation unless privileged with certain genetic polymorphisms.
HIV-1-specific NAb responses are unusually delayed in orders of
months and hardly detected near peak infection. The primary
humoral immune responses against these viruses are instead
dominated by non-neutralizing virus-specific IgMs and IgGs [1]
along with signs of aberrant polyclonal B-cell activation [2].
This initial failure is followed by a discordant array of NAbs
appearing in the subacute to chronic phase, each reaching con-
siderable titers yet being permissive of continuous neutralization
escape by the autologous virus [3-6]. A preferential and possi-
bly consequent exhaustion of HIV-1-specific B-cell responses has
also been indicated in the chronic phase [7]. With these back-
grounds a prophylactic induction of NAbs, particularly via pursuit
of an optimal immunogen design eliciting a broadly neutralizing
spectrum, has been a major aim in AIDS vaccine development
[8].

Along with molecular analyses of NAbs and the HIV-1/SIV
envelope proteins known for their skewed antigenicity, protective
activities of monoclonal and polyclonal NAbs in vivo have been
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assessed by passive immunization mainly in nonhuman primates.
To date, vaccine regimens inducing satisfactory NAD titers even
against homologous challenge strains have not yet been devel-
oped. Passive immunization currently is a first choice surrogate
for NAb analysis, but they do hold certain advantageous aspects,
such as being suited for examining their impact within a certain
time zone of interest. Initial studies showed that NAbs reaching
a sufficient pre-challenge (or very early post-challenge) plasma
or mucosal neutralizing titer typically render complete protection
from chimeric simian/human immunodeficiency virus (SHIV) chal-
lenged via the same route [9-12], whereas titers to be attained
for the viral inoculum sterilization had been a demanding one.
On the other hand, it had been rather difficult to reach a con-
sensus in determining whether NAbs can exhibit anti-HIV-1/SIV
activity in established infections. This was partly because the rapid
memory CD4+ T-cell destructive nature of CCR5-tropic HIV-1 and
pathogenic SIV had been clarified only recently [13,14], which
turned out to differentially validate the moments of NAb infusion
in each study retrospectively. For example, NAbs passively admin-
istered in the chronic phase of HIV-1/SIV infection did not exert any
impact on disease course even as a sequel to antiretroviral therapy
in humans [15-16], while anti-SIV IG infusion at day 1 and day 14
post-SIVsmE660 challenge provided divergent viremia outcomes
in infected macaques [17]. In HIV-1-inoculated human peripheral
blood leukocyte-reconstituted SCID mice (hu-PBL-SCID mice), no
suppressive effect was observed by NAD cocktail infusion past day
6 infection [18]. A common niche of these studies did however
exist, which was the evaluation of the direct impact of NAbs on
pre-peak viral replication and what we had designed to assess in
our system.
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Fig. 1. Plasma viral loads in naive controls and NAb-immunized macaques. Changes
in geometric mean plasma viral loads in naive controls (squares with dotted lines)
and NAb-immunized macaques (triangles with bold lines) are shown. Error bars
show the 95% confidence interval at each time point. The geometric mean plasma
viral loads between weeks 12 and 60 were 5 x 10* copies/ml in naive controls and
<1 x 103 copies/ml NAb-immunized macaques.

2. Non-sterile SIV control via NAbs

As an answer to this delineated question, we recently provided
evidence for the clear potency of NAbs to control established
immunodeficiency virus replication in vivo by performing a post-
infection NAb passive immunization in SIVmac239-challenged
rhesus macaques [19]. While most SIVmac239-infected naive
macaques usually fail to elicit NAb responses during the early
phase of infection, some acquire detectable levels of NAbs against
the challenge strain in the late phase. IgG purified from plasma of
such SIVmac239-infected macaques with NADb induction, showing
in vitro SIVmac239-specific neutralizing activity, was used for
passive immunization as polyclonal anti-SIV NAbs. These NAbs
were administered intravenously at day 7 post-SIVmac239 chal-
lenge, just before peak replication. The NAb passive immunization
resulted in significant reduction of set-point viral loads (Fig. 1);
this suppressive effect on viral replication became apparent
(after week 5) past the limited duration (<1 week) of detectable
NAD titers (Fig. 2). A notable observation in the NAb-immunized
macaques was an accumulation of viral RNA in peripheral lymph
node dendritic cells (DCs) within 24h after the NAb infusion.
Pulsing of DCs with NAb-bound SIV activated virus-specific CD4+
T cells in vitro with Fc-dependence, pointing out to a possibility
of antibody-mediated virion uptake to DCs and facilitation of
T-cell priming. This study thus unraveled that the existence of
sub-sterile NAbs near peak infection can indeed render significant
suppressive activity against establishment of immunodeficiency
virus persistent infection.

Table 1
Summary of the passive NAb immunization experiment.
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NADb administration: Day 7

E NAb detection: Day 7 -Day 14  sweene Naive
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Fig. 2. Time-course events in NAb-mediated SIV control. The limited detection of
plasma NAD titers between days 7 and 14 are concurrent with the rise in DC-viral
loads (days 8-10), which is followed by appearance of Gag-specific CD4+ T cells
with higher polyfunctionality at day 14 and CD8+ cells possessing higher anti-SIV
efficacy at day 21 post-challenge. Plasma viral loads in the two groups start to show
significant differences at week 8, and this is withheld up to week 60 post-challenge
shown in Fig. 1. The box shows the critical time zone (weeks 1-2 post-challenge) to
prime SIV-specific cellular immunity via NAb coexistence. Viral loads up to week 2
are drawn in a wider scale to ease visualization.

In our second follow-up study [20], the functional phenotypes
of virus-specific T-cell responses in NAb-immunized macaques
and naive controls were further evaluated. Peripheral blood
mononuclear cells (PBMCs) from both groups were pulsed with
recombinant SIV Gag proteins in vitro, and SIV Gag-specific
CD4+ T cells were assessed of their polyfunctionality via mea-
surement of antigen-specific interferon-y (IFN-y), tumor necrosis
factor-a (TNF-at), interleukin-2 (IL-2), macrophage inflammatory
protein-1B (MIP-1B), and CD107a expression. The frequencies of
polyfunctional Gag-specific CD4+T cells, defined here as the upreg-
ulation of >3 of these five markers, were significantly elevated
in the NAb-immunized macaques at day 14 post-challenge com-
pared with naive controls. Frequencies of these polyfunctional
Gag-specific CD4+ T cells showed an inverse correlation with
plasma viral loads at week 5, implying that early induction of these
effectors was involved in the subsequent reduction of viremia.

In the chronic phase of infection (around week 30), Gag-specific
CD4+ T-cell responses were detected in the NAb-immunized
animals with higher polyfunctionality. These cells also showed
their enhanced proliferative capacity as determined by SIV Gag-
specific BrdU uptake. Accompanying these Gag-specific CD4+ T-cell
responses, viral replication in the chronic phase remained signif-
icantly contained in the NAb-immunized macaques (Table 1 and
Fig. 1). Three out of five animals exhibited undetectable plasma

Animal MHC-I haplotype

Ab-Tx at week 1 post-challenge?

Set-point VL (copies/ml)

Naive controls

RO1-011 90-010-Ie
RO1-012 90-010-1d
R03-005 90-030-Ig
R02-004 90-088-1j
R02-021 NDP
R06-038 90-010-Ie
NAb-immunized

R03-011 90-010-Ie
R06-023 90-010-1d
R03-020 ND
R02-020 ND
R03-013 90-030-1h

2x10*to2x 10°
2x10%to2x 10°
1x10° to 2 x 10*
5x10%to 5 x 10°

Control Ab 3x105to6x 108
Control Ab 1x10%to2x 10°
Anti-SIV NAb <4 x 102
Anti-SIV NAb <4 x 102
Anti-SIV NAb 1x10% to 2 x 10*
Anti-SIV NAb 1x10% to 2 x 10*
Anti-SIV NAb <2x 103

4 Macaques received no immunization (-) or passive immunization with control Abs or anti-SIVmac239 NAbs intravenously at week 1 post-SIVmac239 challenge.

b Not determined.
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viral loads up to 60 weeks post-challenge, while the other two also
maintained them at low levels lacking any palpable sign of control
failure. De novo NAbs were not detected in the NAb-immunized
group, together suggesting that a single administration of NAbs in
acute SIV infection can result in long-term viremia control with
appearance of robust virus-specific CD4+ T-cell responses.

Gag-specific CD8+ T-cell frequencies at day 14 post-challenge
were simultaneously assessed in both groups, which revealed
no significant differences in polyfunctionality between the two.
The caveat here may have been the stimulation protocol, relying
on cross-presentation of the pulsed recombinant SIV Gag pro-
tein which left room for a possibility of suboptimal virus-specific
CTL examination. Therefore we alternatively attempted to assess
their direct anti-SIV efficacy by performing an in vitro viral sup-
pression assay (VSA). In this assay, CD8+ effector cells positively
selected from PBMCs at week 3 post-infection were cocultured
with autologous CD8-negative target cells pre-infected with SIV
and peak virus production in the culture supernatant was measured
[20]. CD8+ cells from three out of four examined NAb-immunized
macaques showed nearly complete suppression of progeny virus
production, a phenomenon not observed in any of the examined
naive controls. Notably, none of the NAb-immunized macaques
possessed an MHC class I (MHC-I) haplotype 90-120-Ia which has
been previously shown to mount potent anti-SIV CTL responses.
These data suggest that the NAb administration may help de
novo induction of CD8+ cells exerting enhanced anti-SIV efficacy
in vivo.

3. Significance of T-cell induction in NAb-mediated SIV
control

Collectively these findings have depicted a previously undoc-
umented pattern of immunodeficiency virus control, in that the
early existence of NAbs preceding peak SIV replication was fol-
lowed by de novo appearance of polyfunctional Gag-specific CD4+
T cells (at week 2) and subsequent robust viremia control (after
week 5) (Fig. 2). While the direct virus-neutralizing activity of the
antibodies, as well as other effector functions such as antibody-
dependent cell-mediated virus inhibition (ADCVI) [21,22] and/or
complement activation [23] may have additively provided the pro-
tection of induced virus-specific CD4+T cells from events such as DC
trans-infection [24], the above sequence also coheres with our pro-
posed possibility of NAb-mediated antigen presentation [19,25].
Antibody binding to soluble antigens is known to facilitate Fc-
mediated uptake and resultant MHC class Il antigen presentation in
DCs [26,27], which renders the appearance of virus-specific poly-
functional CD4+ T cells in NAb-immunized macaques likely being a
result of direct induction via NAb-mediated virion uptake into DCs.

An enigmatic role for HIV-1/SIV-specific CD4+ T cells has overall
been posed in this regard of their potential vulnerability. While hav-
ing been found of their presence as an inverse correlate of chronic
phase viremia in HIV-1-infected humans [28], memory CD4+ T-
cell subsets themselves (which likely include the virus-specific
effectors) have been later determined as the primary target of
CCR5-tropic primary AIDS-virus infections [15,29-32]. Detectable
HIV-1-specific effector CD4+ T-cell responses in humans show an
agreeable decline as viremia progresses [33], which may be driven
by selective infection to some extent [34]. These are also in agree-
ment with one study which documents prophylactic induction
of Env-specific CD4+ T cells exerting a detrimental influence on
the otherwise self-remitting course of SIVsmE660 viremia within
that system [35]. In CTL-based prophylactic vaccines, acute and
long-term preservation of (total and central) memory CD4+ T-
cell counts has accordingly been defined as a passive correlate of
protection status [36-38]. Hence the entity of truly contributable

HIV-1/SIV-specific CD4+ T-cell responses has overall not been clar-
ified, although implications of their enrollment exist such as in
relatively benign HIV-2 infection [39]. The current study newly
supports two possibilities. One is that de novo polyfunctional Gag-
specific effector CD4+ T cells, if induced, may be potent of actively
driving primary viremia control; in other words, their existence
can be taken as a cause rather than a result of protection. The other
is that the antigen-specific activation potential of central memory
CD4+ T cells is reinforced as a detailed protective correlate during
chronic infection as in humans [28], in addition to the quantitative
preservation of the subset. These two hallmarks in NAb-mediated
SIV control sharply contrast Gag-specific CD4+ T-cell responses in
naive controls which, importantly, exhibit neither of the two.

It is important to question how these Gag-specific polyfunc-
tional CD4+ T cells had exerted anti-SIV activity. Possibilities
include roles such as conventional helper cells providing cognate
assistance in priming CTLs for viremia clearance [40], effectors
directly suppressing infected cells with [41,42] or without cytolytic
activity, or both. Results of the CD8+ cell VSA in NAb-immunized
macaques do not contradict participation of SIV-specific CTLs
in acute phase viremia control, partially supporting the first
candidate. When we performed VSA with CD8+ cells from the
chronic phase (around week 20 post-challenge) in NAb-immunized
macaques, no comparable in vitro virus suppression had been
observed (unpublished results). This may also concur with the con-
tracting levels of SIV-specific CTLs at low viral replication levels in
vivo. Augmented virus-specific CTLs being a major, though maybe
not the only, determinant of viremia suppression in the acute phase
may be a reasonable explanation; if so, how their commitment may
differ from viremia control in vaccinated and naive SIV elite con-
trollers (ECs) [43,44], or HIV-1 ECs in humans [45], is still unknown.
Another factor to consider may be the Gag-specificity of these CD4+
T cells. As in CTLs, where importance of their Gag-biased induction
in HIV-1/SIV viremia control has been emphasized both in vitro and
in vivo [46,47], inducing CD4+ T-cell responses with a preference
for Gag epitopes may also be advantageous in HIV-1/SIV control.

Regardless of the precise mechanism, there certainly lies a limi-
tation to directly extrapolating results of this post-infection NAb
passive immunization study to the patterns of protection likely
afforded by endogenous NAb-inducing regimens. Nevertheless it
is still important to recognize that the concordance of primary
SIV control with de novo induction of polyfunctional Gag-specific
CD4+ T cells, near the normal peak of systemic memory CD4+
T-cell destruction [14], does strengthen the rationale for prophy-
lactic NAb induction. Even if induced NAbs do not prevent the
initial establishment of HIV-1/SIV infection, they may well exhibit
their potential against systemic infection by a non-sterile protec-
tive mechanism. This narrow 1-week window around peak plasma
viremia (Box in Fig. 2) is indeed some watershed for the HIV-1/SIV-
infected host to impact viremia thereafter.

4. Perspectives: humoral and cellular immune concert for
HIV-1 control

Whether or how cellular and humoral immune responses may
collectively exert their effect against CCR5-tropic HIV-1/SIV acute
infections had been unexplored, while systems involving other
retroviruses have given some implications for this question. In
Friend murine leukemia virus infection, high doses of administered
pre-exposure NAbs have provided an augmentation to memory
T-cell-based control [48]. A similar augmentation does not, how-
ever, appear to happen in CXCR4-tropic SHIV89.6P infection [49].
Turning to a self-remitting benign SHIV infection (SHIV DH12R
clone 8), the negative effect of CD20-depletion had only become
apparent in macaques lacking a highly protective MHC-I allele
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(Mamu-A*01), suggesting a seemingly interdependent rather than
synergistic cooperation [50].

It is noteworthy that CD20+ B-cell depletion in the SIV/SHIV-
macaque model is an interesting but intrinsically sensitive
approach. What is problematic is that the outcome is complicated
in a virus strain-dependent manner. In a pathogenic virus chal-
lenge (e.g., SIVmac) model the set-point viremia is significantly
high. This seemingly blunts the effect of transient B-cell depletion
from an incompetent baseline [51], while an impact on disease
course appears to be partially observed in the subacute phase
by constitutive B-cell depletion [52]. On the contrary, in models
where relatively benign SIV (or SHIV) strains are challenged, host
CTL responses reaching a certain threshold of potency may read-
ily control viremia by themselves. The need of humoral immunity
assistance is sufficiently compensated here, which again damp-
ens the impact of B-cell depletion [53]. The propensity in such
models seems to be that B-cell depletion effects only become appre-
ciable in non-elite cellular immunity-eliciting controllers [50,54].
Since no detectable NAbs are elicited in acute to subacute SIV
infection, it likely follows that the cases of accelerated pathology
via B-cell depletion may derive from the deprival of non-NAb-
mediated effects, such as ADCVI. Taken together, the endogenous
existence of antiviral non-neutralizing antibodies may change the
outcome from rapid progression to persistent infection, whereas
the exogenous administration of NAbs may change the outcome
from persistent infection to relative viremia control.

The entity of humoral immunity modulation against cellular
immunity in HIV-1/SIV infection is hence still unclear; neverthe-
less one thing is becoming evident which is that, at least, NAbs and
T cells do not diminish each other in mere competitive coexistence
for target elimination. Especially near peak SIV replication, NAb-
dependent modification of T-cell immunity does exert a significant
impact on viremia control.

In conclusion, there appears to be a preference of a balance,
perhaps a temporal one, between induction of HIV-1/SIV-specific
CD8+, CD4+ T cells and NAbs. Determining the requisites for
NAb-triggered T-cell immunity-based SIV replication control shall
further reveal rational endpoints for prophylactic HIV-1 vac-
cines.
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Abstract

Background: The Gag capsid (CA) is one of the most conserved proteins in highly-diversified human and simian
immunodeficiency viruses (HIV and SIV). Understanding the limitations imposed on amino acid sequences in CA
could provide valuable information for vaccine immunogen design or anti-HIV drug development. Here, by
comparing two pathogenic SIV strains, SIVmac239 and SIVsmE543-3, we found critical amino acid residues for
functional interaction between the N-terminal and the C-terminal domains in CA.

Results: We first examined the impact of Gag residue 205, aspartate (Gag205D) in SIVmac239 and glutamate
(Gag205E) in SIVsmE543-3, on viral replication; due to this difference, Gag,ge.o16 (IINEEAADWDL) epitope-specific

cytotoxic T lymphocytes (CTLs) were previously shown to respond to SIVmac239 but not SIVsmE543-3 infection. A
mutant SIVmac239, SIVmac239Gag205E, whose Gag205D is replaced with Gag205E showed lower replicative ability.
Interestingly, however, SIVmac239Gag205E passaged in macaque T cell culture often resulted in selection of an
additional mutation at Gag residue 340, a change from SIVmac239 valine (Gag340V) to SIVsmE543-3 methionine
(Gag340M), with recovery of viral fitness. Structural modeling analysis suggested possible intermolecular interaction
between the Gag205 residue in the N-terminal domain and Gag340 in the C-terminal in CA hexamers. The
Gag205D-to-Gag205E substitution in SIVmac239 resulted in loss of in vitro core stability, which was recovered by
additional Gag340V-to-Gag340M substitution. Finally, selection of Gag205E plus Gag340M mutations, but not
Gag205E alone was observed in a chronically SIVmac239-infected rhesus macaque eliciting Gagoe-»1s-specific CTL
responses.

Conclusions: These results present in vitro and in vivo evidence implicating the interaction between Gag residues
205 in CA NTD and 340 in CA CTD in SIV replication. Thus, this study indicates a structural constraint for functional
interaction between SIV CA NTD and CTD, providing insight into immunogen design to limit viral escape options.

Background

One of the characteristics of human immunodeficiency
virus (HIV) is to induce persistent viral replication
resulting in AIDS progression. HIV has enormous capa-
city to mutate and escape from host immune recogni-
tion, driving genetic diversification of the circulating
viruses [1-3]. The Gag capsid (CA), comprising the N-
terminal (NTD) and the C-terminal domains (CTD)
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[4-6], is one of the most conserved proteins in highly-
diversified HIVs [7]. Understanding structural con-
straints in such viral proteins could provide valuable
information for immunogen design in AIDS vaccine
development.

Virus-specific cytotoxic T-lymphocyte (CTL)
responses play a central role in the control of immuno-
deficiency virus infection [7-12]. CTLs exerting strong
suppressive pressure on HIV replication select for viral
mutations resulting in escape from CTL recognition
[13-16]. Escape mutations in viral proteins with struc-
tural constraints are often selected with viral fitness
costs, possibly facilitating subsequent immune control
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