N F0.27% (0.05-0.86%). F-¥11.09% (0.07-2.63%)
ZR Lz, 72, SIVRFRAICDAEYE, CDSIBMET
U RERDEEENE L ~ LI Z N F N EL.57
(1.03-2.23), F#)2.88 (1.27-3.97) &%= L 7=,

SIVFF A ASEE &8 Rrfe B o0 ifn of o7
A VAR L DB Z RN L 7= f5 5, CD4SME, CDS
BBPET Y N3k E HICHBEZRMBBIZR® bh i)
o7 (CD4BMTY > 738k : R=-0.096, P=0.724 ;
CD8FEMET Y o 73ER: R =-0.407, P=0.118). — /.
ZREREMEL L EMmP AL RE L ORICIE.
CDA4BEME, CDSEBEMET ) v 3Bk & & I B 2 Wi FEES
DO LTz (CDAFFMET Y > 738k : R =-0.538,P =
0.032 ; CDS[ETY > 732K : R =-0.622, P=0.010)
(1),

SIVERKIE vs 71 LR R Sl vs LR
PEERE F 25
E a E’E 2
§ - v
g9 18
CD4*Tyst & 05| o Ei \
3 @ 0 2y
5 925 B 8o E o8
* o @ -
o
2 3 4 5 6 7 8 ?
Plasma viral loads (copiesimi. Log) Plasma viral loads (copiosim! Log)
3 -
i 25 a 3 4065 i
= 91482 F-D]
g2 of 1.
CDB* TY /iR 815 L R ’E 2
3 1o ° %5 i
Fose ok £ e
0

2 3 4 5 5 7 8 2 3 ¢ 5 5 7 8
Plasma vira loads (copissim. Log)

1. Mo/ IRBICHT BSIVIFE MRS
BEHELUSHERDRER

S BT, CD4RGM:. CDSEHMET Y o Bk # DS
AN Lo/ R, SIVAF RAMBSEE Iz >\ T
TAEERHEBEPEO OGN o7=28 (R=0312,P
= 0.240), ZHEREME L ~LICHOWTIT A E /2 fEE
NARH LT (R=0.632,P<0.001) ([X2),

CD4* TY) 2//%3% vs CD8* TY /8RR

SIVERMSEK

] 3 -

3 ]

3 2

] | o []

£ B Z-

8 24° o éé

2 o o Q

- I |

3 o 3

z2 | @ ° = 0312 2

] 9% o o P =0240 e P =0 0086
9 +R - 9 S
D 925 08 075 1 3 05 1 1§ 2 2§
% SIV-Bpecific CD4+ T cells Polylunctionality

{SiV-spacific CD4+ T cells)

(2. SIVIFRMMIEAES L U SHEMICHITS
CDARSHET ) > /7 Bk L CDBRBTET!) o/ SER DS R

2) BT u s A TEFGHM TOHTLEHEEM L

~JLDE
SIVIBHIEIC R T 585 NT o ¥ 4 FHEBHOS
e LT, W7 aZ A FALEREIESeV-Gag Y
JF L OFEHIMENRBEETHY, U F U HEHEREIC
BOWTHLSIVEETIME AT S, Q) ~"TrFATE
BRI 5SeV-GagV 7 F L DEMME, 7
F U HERIZ BT ASIVEEN I, T ey 4 FA
AL ER L THERETHD, OINTag LTS
JHEFEIISeV-GagU 7 F o DEIMENTE LD
HIPFSIVIERIIMEZ /RS20, Z &bt
D

‘T ad A TIEROCDIBMETY > 733k D
ZHREME L VBT LTS R, T XA 7A
A TRLEL (1.84£023), LT AT ¥
A 7TEXLAEE (1.58+0.28), "7 ¥ A FBEAHR
(143 £ 030), L TAT R ¥ A FIHLEHTE
HIE -7 (117 £ 0.12), [FEEIC, CDSFEMETY
YRERDEZHREME L NV boNT ¥ 4 FALHEE
Tibm< (352 £ 0.27), ~"Fa& A FIEER
THRLE»->7= (2.11£0.73) (43),

CDARBIETY v $R

ipiotype B Hap E J
(1430.30) (1.68.£0.28) 09740420 \ypap 1o TNFa

ypa A
(1.84 £0.23)

Two-way fectorial ANOVA
with post-hoc test

A N

: ‘k :sr.,(nmn
CDBRMET!) /AR

Haplotype A

3. 0.2T)

B

E 0 Tiwo-aay laclorial ANOVA

by @0 | ih posthec lest

1) (5008}
S,

1

B3 &NTO81 TRERIZHTS D4 Bk T
JLSERE CDBIBME T 1) S/ SER() S HeEEN:

D. %
REEDOERERN S, HTL OLHERENE L~
. DAL REREIE L~ 72 5 NS CTL 0%
BEREMEL N~ L EBET AL, DE Y, SIV
HlE A 2 DN ZHEREME L~ L DB CTL 2B
HIEETIXZ HTL OZHREMEL L b@mun o &
AT, BT, SIVEBMORREZ T a s
A THEEHMOLE) S HTL LRt L~
ESIVEHMOBE W AT ¥ 4 FTALEETE< .
SIVIEHIEDBE N NT a0y (7 ] AR TRV
ENTRENT,

WEAERE (SRR 21 4EH) (X SIV A BLCL % A



W BRI £ 0 . B O E O S RE M RT
MREWSILZ, COZ &L, "TuFdAT
JIEBICEEBEIND X 5 722 SIV R #1725 H ok
LU UREKROBEBRENEVEE X DN DIBMER
BRI EHZ B W T, SIVREN T U 738k
PHRHICRHTE b0 EEZ LN,

HIV/SIV BE8EI#EIZ351F 5 HTL O&HI & LT,
BYAMBIcBIT 2 74 VAR CTL OFE
WM ETRWNI ENRREINTWD, &6, U
A v AR R HTL (3> HTL L EERT U A LR
DERLZDRT NI b, BIEAERICET
HA N AR HTL ORISR 7 —v
OIERIZFEROL ATREE LRI TN D, 2D
e, BERRERESICBNTBEIND S
LAUL D SREREME HTL 13X, CTL I & 5 SIV il
FlEofRE L THFEIN-LOLHRAEIND,
ZDOEMERENE HTL NEEFREREHICBIT S
CTL OHERIZHESI > TWANE I DoV TIE
SHROBFTRETH D,

AP TiE MHC-IIl AT e &% A 7ORHEICES
EMTIZAT > TV, L L 72236, MHC-
NTa A TEEEOSFEIZL D MHC-1 ~T R
A FELIRFHBLTWAZ EAMmLENT WS
o ENG, SHEEN HTL OFEIZIE, 5
BED MHC-II "7 ¥4 7HEAETHZ b+
nEZLND,

E. &

HTL O ZHEREME L ~LiE, 7 A v A B 8| L
AL e B ONE CTL OZHEREME L~V L BEE T 5
eV ENT,

F. FRER

1 FmCHEE

(1) Terahara K, Nochi T, Yoshida M, Takahashi Y,
Goto Y, Hatai H, Kurokawa S, Jang MH, Kweon
M-N, Domino SE, Hiroi T, Yuki Y,
Tsunetsugu-Yokota Y, Kobayashi K, Kiyono H.
Distinct fucosylation of M cells and epithelial cells
by Futl and Fut2, respectively, in response to
intestinal environmental stress. Biochem. Biophys.
Res. Commun. 404: 822-828, 2011.

2 FRRERK

(1) Terahara K, Ishige M, Mitsuki Y, Shibusawa K,
Watanabe S, Okada S, Kobayashi K,
Tsunetsugu-Yokota Y. Characteristic

activation/differentiation phenotype of CD4" T
cells and their distinct susceptibility to X4-type
and/or R5-type HIV-1 infection in humanized
NOD/SCID/Jac3-null mice. 14th International

Congress  of Kobe,
8/22-27/2010.

(2) Mitsuki Y, Shibusawa K, Terahara K, Kobayashi K,
Takeda M, Yanagi Y, Tsunetsugu-Yokota Y. HIV-1
infection enhances the susceptibility of T cells to
measles virus infection by upregulating signaling
lymphocyte  activation  molecule  (SLAM)
expression. 14th  International Congress of
Immunology, Kobe, Japan, 8/22-27/2010.

(3) Shibusawa K, Mitsuki Y, Terahara K, Yanagi Y,
Kobayashi K, Tsunetsugu-Yokota Y. Inhibition of
HIV-1 replication by engineered lentivirus vectors:
a potential advantage of SLAM-mediated virus
entry. 14th International Congress of Immunology,
Kobe, Japan, 8/22-27/2010.

(4) Shibusawa K, Mitsuki Y, Terahara K, Ishige M,
Yanagi Y, Kobayashi K, Tsunetsugu-Yokota Y.
Inhibition of HIV-1 replication by
envelope-engineered lentivirus vectors: efficient
gene delivery using envelope protein of measles
virus. The 10th Awaji International Forum on
Infection and Immunity, Awaji, Japan, Sep 7-10,
2010.

(5) AEELT. FFHEIZE CARHH . BERFRAES,
/RFIR F]BHJ&Y“\ B{HE (HK) 28+ : HIV-1
BPEETNLELTOE Mev U ADRYHEL
X4 BLORS HIV-1 Y, FS58mIBAT AL

AFERFMER, #E. 11792010,

(6) WRIRFALS, SeAK M, FHME, ABEAT,
WIEES . ARFnSR. B (lEKR) 285 : iz v
A WAL X a—T %t HUN T2 HIV-1 HEFE ]
ML FUALNANT Z—DRFELETDOHD
PE, B S8 MIAAR Y A )V RAERFEMES THE.
11/7-9/2010.

G. MMM EEOHE B&RI (TEZET,)
1 FraFEfS

7L,

2 FERAHEBS

72 L,

3 Zofth

2L,

Immunology, Japan,



LG BRI R MBS (= A AR IEF )

EiELT R e

PRI EIZ B D AR5

WrES A Bl B

[E SLB B RN IR 7/ DT E R v & —

T{EHFZEE

HREEE

HIV-1 Env gpl20 O$HL V3 HFLEFFNZEBIT D VIIV2 L —T OEEEMD T-0HI121F, gpl20
IZBTD VIV2 L—TOREZ S LI, EOXRBNEZHMT L ENBLETHD, CDARE
TR L OB KO VI/V2 V—T%E T HIV-1 Env gpl20 53 -7 LV OREEZITV, VI/V2 L
— T DEENZHSOWTHRE LT, CDAFEERID VI/V2 L—TF1F, MDEATIZ T gpl20 =
T b GEEN THEE X4, gpl20 27 & VI/V2 L—7OMIZ V3 BELE SN D, BRI,
VI/N2 v —F1I V3 ~DH V3 FRPED T 7 2 22 IR+ 5N E 2 55, CD4 #
G%iL. CD4REGHNCH T, VIV2 L—T7 M RES AL TCDA infFiciiEsid, £
DOFER, VIBRUANVAREIZEHTHIEBE LR, a7/ YREATIEHERT 5, UL
KV, VIN2 V=73, V3 L ORI RBLEIKFL T, 5 V3 PRIAERZHL= Lt
TEREAICEBEREFAHEIBUTHDLEEZOLND,

A. FREEW

HIV-1 Env gp120 @ V3 (I, &R AK L OHA
ERIZHLHEEI M S, FO-DARIT. e
BRI IER L, 73 JBERIIME SN D
TP ThHDH, LIAHN VI IITEEREEE LT
bNd, ZiiE, V3 ITRERMENE <. PRk
RACFPRERZLBELT L0, LEAN5D,

V3 E2SI & BESHT NS AL oA |\ L B EOE Y
THELTCEEMEMITTH L. V3 OREEDIK
Tk -T, V3 BEFIOZERMENET T2 &2
ARENT, W2, V3 BHIOREED gpl20 i
~NDEBETD L gpl20 2T OT 2 J EEECS
MERICTH, V3 BEFIDOAERDOEIZHFEN, V3
DOELER gpl20 a7 OHWEEE X, I HIT,
V3 MEROETIZMHEY., 5t V3 ek LV
CD4 F& GO % 253 2 Fadiikiz X 2 o Fnik
ZHEIK T L=, @& IiZ, HIV-1Env gpl20 V3 (X
MEBRIZESE VA NV AR EZME L Miats
Mtk A F DHREfRIK S B X b D,

ARFIEIX, PURSMItEEZHEET HZ LT, ¥
A VANHL V3 Uik fnZ dkEd 5 L < % T
L. #i V3 ik gz AAMICEmD 5 Hitx
M¥THZELE2AMETD, KEEZY 7 F B
BT xR BT,

A BEFE I HIV-1 Env gpl20 OHL V3 HifARfc s
FBEVIN2A—TDEEBEMDI-HIZ . CD4 G
BB L ORE A% D VI/V2 )L— 7 %2 5% HIV-1 Env

gpl20 53 FET VO EZITV ., VI/V2 L—T D
HENZ DV TR L 7z,

B. FRF & ,
(1) HIV-1 Env gpl120%3 7 7 /L D HEEE
FIIHAERY—FFT Y UL, CDAEDL
A L ORE % DOVI/V2L— 7 %2 & T HIV-1 Env
gpl207r FET NV EE L2, gpl20TIEVI/V2L
— U O X. XS SBERTIC X S
FICIRESNTWD, HEOBELZHMLE LTH
WT, 2MEED D FET VEBELT-, KRICH
ERRESNTOHARWWVIN2L—TF, ALy T
A TIRIZEVBEL, TBAFHREICLYFE
ks & 1572,
(2) 3 FET NOFE
BEAEOHIEM T 0/ F LT % Verify3D%
HWT, BAEOT I/ BIRENPEI LTV HHE
EREAFMT LT MELLESFET LD
M MEERRET LT,
(fm BR i ~DELE)
AFIETIL, FFEDOMHEXI REIIFEE T, @
i ~OBEIITRETH D,

C. FR&EHR

(1) CD4FEARIDOVIIV2L—F % & TprHIV-1 Env
gp1 20 D A& EfiR T
CDAGEBSHTIOVI/N2L—T % & WS FET



N, RERY—FT VU ZERICEL O BELRE,
SR AW Izgp 20 & IXb12BIA L DEEET
HDHDB, bDIFIEZE Y BEW T FET L 2HER
L7=, CD4fEEN—T R EROFMPHLRS &,
£ EIZgpl20 DNEK S & CREMNEB I, A TFIC
V3NECE X415, Inner domain_ k&[5 i%B-sandwich
g, TEIIMENICTEBEEO LA Y —HE s 2
STV, ENBH220BDOL A ¥— (LA ¥—2)
DV1/V2 stem3 T H I, V3 EIZIEFATICERE
INTWa,

WIZ. CDARERRIDVIV2AL— T 2 &L FF
TFIVEBE LI, BIROSFET/LDVI/V2 stem
2, BROSFET LV THELEVINV2ZL—T%
L%, o FE8NHFEHEICL Y PhEELH
2o ZOFER. CDAFEARTI TIIVI/V2LL—T Tt
DERPLIZEE R Tgpl202 76 LB TERE &
. gpl202 7 EVI/N2L—F ORICVIAEE &
nNaHZ EnTRIE, Verify3DEx HWTHT+E
TNLAOFHMEITI &, @HEDORKEZVVI/V2 stem
fHERCVAZRNT, 7 2V BREENAEI» ATV S
BEREIZEL T, I, — 5O LEDK
TWVELERWT, BELESTET VIR YR
BETHDHLEEZDLND,

(2) CD4fEE#-DOVI/V2L— T Z & TeHIV-1 Env
gp120 D& EFRAT

CD4 #EBHBD VIN2 =728 RS FE
TNhE, RERV—ET ) U TIECLOERLT,
CD4 D1-D2 domain 23f5& LT\ 5 gpl20 ik %
#R8UZFH\WT . CD4 D1-D2 domain & DA KD 4y
FETLEHEE L, CD4FEEN—72ERDF
mbH R 5 & E EIZ gpl20 @ N Kiff & C RifgHs
BB S, A TIC V3 AEE SN D, Inner domain
DL A¥—2D VI/V2 stem 75, B20-B21 loop &
bridging sheet Z 2R L TV 5,

RIZ.CDA FERHED VIV2 L —T 2 & FF
FIVEREE LIz, Bk VI/V2 L—F % & F 700
PBFETNVET, ALy T 4 7EIZEY VIIV2
N—TDORBIRT A+ —NT 4 v T E2RBETH
LT TFETNLVEBELL, TORE, CD4#
A% T VI/V2 L—713 CD4 T ICRE B SN S
ZEMRTFRISHIZ, ZD VI/V2 loop DELE (ZEETF
OMKIRE FHEME CBEIN/ERE L B L
TW5b, 72, Verify3D Z WV THFET LD
MEITH &, WHEDKEV N KIS VI/V2 stem
fHEEBRWT, 7V BEESE N TV HHEE
REITEL Tz, 922, —HODLEDKE W
EALERRNT, BELEDFET VTR Y S
ThdeEZLND,

D. £%

HIV-1 Env gp12053 FE7 MZBIT HVI/V2/L—
T EVIOMI BB E D &I, VI/V2L—TD
FHENZDOWTHKREFIT 5., CD4BERIDOVI/V2L—
TEETgpl203 FET B, CDAREARRITIX
VI/V2L— I3 OEALIZ LT, gpl202 7 15
AOEEN TEE X4, V3digpl202 7 L VI/V2L
—7OMICBREIND ZENTFRISNT-, Zhi
VI/V2V—TBNI~OHEVIFT RO T 7 & A
ZHIBT DAREMENH D Z L ERE LTS, —
75 . CDAfE B HIE DOVI/V2L—T % & Tegpl 2055 F
ETNEREBET S L, CDAEARAIE TREL
VIN2V—7OEBENRET S & FRISNT-,
CD4FEARITIEIV3Aigpl202 7 & VI/V2IL—F D
FHZELE SN TV =M, CDAEEHETIX, =Lk
TERERGELEBHT BT, VIV2L—T )
KESE L. VIBRTA N RAKREICENT L E
bbb, LInoT, VIIN2A—T1%, V3¢ D
FEXTEY 22 BL B (AR AT L T, HLVIHP iRz e
ALV ETEARRICEEREREEZRITMNTH D
LEZHNB,

E. &

CD4 MERBLTRHEERD VI/V2 V=T % F
Z» HIV-1 Env gpl20 3 €7 L OHEFEEZITV,
VINV2 V=T DEENZ DN THRF L 7o, Z DR,
VI/V2 V=713, V3 & O R B IR L
T, §L V3 PRFIERZMER 2 L 7 HfERICE
HRZEZHI A THL L EZ BN D,

F. BFEEXR

1 GmXER

(1) Onyango, C.0., Leligdowicz, A., Yokoyama, M.,
Sato, H., Song, H., Nakayama, E.E., Shioda, T., de
Silva, T., Townend, J., Jaye, A., Whittle, H.,
Rowland-Jones, S., Cotton, M. HIV-2 Capsids
Distinguish High and Low Virus Load Patients in a
West African Community Cohort. Vaccine 28
Suppl 2:B60-B67, 2010.

(2) Kono, K., Song, H., Yokoyama, M., Sato, H.,
Shioda, T., Nakayama, E.E. Multiple sites in the
N-terminal half of simian immunodeficiency virus
capsid protein contribute to evasion from rhesus
monkey TRIMS5a-mediated restriction.
Retrovirology 7:72, 2010.

(3) 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.




2 oK

(1) Yokoyama, M., Naganawa, S., Kitamura, K.,
Sato, H.Influence of Net Positive Charge in V3
Sequence on Conformation of HIV-1 gpl20 outer
domain. 5TH GERMAN JAPANESE HIV
SYMPOSIUM, Tokyo, Japan, 5/10-11/2010.

Q) Bl B 727 R, HERE, EBREZED
FIEIZE S < HIV O P RGUE KB OB 5. 5
58 BIBAR YA NAFELFHRES, LRI T L,
8, 11/7-9/2010.

(3) FEEAET, RNE, UL B, EHEERE,
2 AE, ZHEH.SIVCADON RASL L C K
A OBEMBEERICEDLST I BEE
DRIE. 5§58 EIE AT A )L A EEZLMES, M,
11/7-9/2010.

(4) W% 6, BUL RS, EREHTR, HEMEES,
g E. 7 H A H¥L TRIMSa ($ HIV-2/SIVmac
X¥ 7V ROBEERLZEHTH. F 58 BMAA
A NRFERFINES, 85, 11/7-9/2010.

(5) tAEE#k, FHEE BE, AR, EEREM,
=FET, B B, KHBeE, e, Bz
MRk, FEIOHET. YR HIV-ICAD 1 7 2
JEBERIVALMB TOMMBEREST L. F 58
BIRA Y A NV AFSEWES, 185, 11/7-9/2010.
(6) TPl A M, LARE R, BEIRIE N, =FET,
Bl B, K, hiEmeE, Bk 74
7Y NVAZTEET S HLHIV-1 [KF TRIM5a & tetherin
% [E1EE3 5 VMR FE M HIV-1 O, 5 58 1]

IN-termma C-termina

ViN2loop

HADA N ZAERZMES, 85, 11/7-9/2010.
(7) B OHEF, BHE BE, BIRZEI, HIRE,
FERMER, ZFET, BUL B, KHwd,
s, BIMEBR. PAMETHERRESEET S
HIV-1 D#EE—7 5 7% L TRIM5a & tetherin |2 &
LMB OEEE— 5 24 [ QAT A XEEZE
& - B2, B, 11/24-26/2010.

(8) & REh, Bl B WIRIEE, RAEE,
FHRIEE, T, SIS, B HIV-1 5 ER
+ APOBEC3G @ N K¥mAR7 v ME&EOEEM,
24 BIEAT A XESFMES - BE, BE,
11/24-26/2010.

(9) Izumi, T., Yokoyama, M., Shinohara, M., Matsui,
M, lo, M, Sato, H., Takaori-Kondo, A. Model
structure of APOBEC3G N-terminal region reveals a

binding pocket modulating HIV-1 Vif interaction and
RNA required for encapsidation. & 33 [8] B A4y ¥4

MFEEFEE - F 83 MAAE(LFEEREEGRAS
(BMB2010) , #7, 12/7-10/2010.

G. MM EHOHE - B&RR (T ELXET,)
1 FErBUS
2L,
2 ERBFRERB
2L,
3 Foff
2L,

N-termina
I C-termina
|

M1. RERY—%T Vo Z7HEBLODFEINFHEICLOEELE VI/V2 L—TF%EE HIV-1 Env
gpl20 7 FE7 /b, CD4 fESHI(A) & CDAFER% (B)



M. WHEREROFITICET I —EXR



MARROAITIZBET 5 —KER

ek

HRERAL WXLEA NNV HRFEL e | N—U | HERE
Yamamoto H, Matano |Neutralizing antibodies in SIV Vaccine 28S B13- 2010
T control: co-impact with T cells B17
Naruse TK, Chen Z, Diversity of MHC class I genes in  [Immunogenetics| 62 [601-611| 2010
Yanagida R, Yamashita | Burmese-origin rhesus macaques
T, Saito Y, Mori K,
Akari H, Yasutomi Y,
Miyazawa M, Matano_
T, Kimura A
Iwamoto N, Tsukamoto | Broadening of CD8" cell responses |AIDS 24 2771- 2010
T, Kawada M, Takeda [in vaccine-based simian 2787
A, Yamamoto H, immunodeficiency virus controllers
Takeuchi H, Matano T
Inagaki N, Takeuchi H, | A structural constraint for Retrovirology 7 90 2010
Yokoyama M, Sato H, |functional interaction between N-
Ryo A, Yamamoto H, |terminal and C-terminal domains in
Kawada M, Matano T |simian immunodeficiency virus

capsid proteins

Saito A, Nomaguchi M, | Improved capacity of a monkey- Microbes 13 58-64 2011
lijima S, Kuroishi A,  [tropic HIV-1 derivative to replicate | Infect
Yoshida T, Lee Y-J, in cynomolgus monkeys with
Hayakawa T, Kono K, |minimal modifications
Nakayama EE, Shioda
T, Yasutomi Y, Adachi
A, Matano T, Akari H
YoshidaT, Saito A, Characterization of natural killer Frontiers in press
Iwasaki Y, lijima S, cells in tamarins: a technical basis | Microbiol
Kurosawa T, Katakai | for studies of innate immunity
Y, Yasutomi Y,
Reimann KA,
Hayakawa T, Akari H
Xing Li, Wang JC, Li |Spatial configuration of hepatitis E |J Virol 85 1117- 2011
T-C, Yasutomi Y, Lara |virus antigenic domain 1124
J, Khurdyakaov Y,
Schofield D, Emerson
S, Purcell R, Takeda N,
Miyamura T, Holland
RC
Chono H, Matsumoto |Acquistion of HIV-1 resistance in |Human Gene 22 35-43 2011
K, Tsuda H, Saito N, T lymphocytes using an ACA- Ther
Lee, K, Kim S, Shibata |specific E.coli mRNA interferase
H, Ageyama N, Terao
K, Yasutomi Y
Mineno J, Kim S, Inoue
M, Kato |
Okabayashi S, Uchida |Periventricular Leucomalacia J Comp Pathol in press

K, Nakayama H, Ohno
C, Hanari K, Goto I,
Yasutomi Y

(PVL)-like lesions in two neonatal
cynomolgus monkeys (macaca
fascicularis)




P, Sela J, Brumme CJ,
Pereyra F, Kaufmann
DE, Trocha A, Block
BL, Daar ES, Connick
E, Jessen H, Kelleher
AD, Rosenberg E,
Markowitz M,
Schafer K, Vaida F,
Iwamoto A, Little S,
Walker BD

become HIV controllers

Yasutomi Y Establishment of Specific Vaccine 28S B75- 2010
Pathogen-Free Macaque Colonies B77
in Tsukuba Primate Research
Center of Japan for AIDS research
Fujimoto K, Takano J, |Simian Retrovirus type D infection | Comp Med 60 51-53 2010
Narita T, Hanari K, in a colony of cynomolgus
Shimozawa N, Sankai |monkeys
T, Yoshida T, Terao K,
Kurata T, Yasutomi Y
Cueno ME, Karamatsu |Preferential expression and Transgenic Res| 19 |889-895| 2010
K, Yasutomi Y, immunogenicity of HIV-1 Tat
Laurena AC, Okamoto |fusion protein expressed in tomato
T plant
Brumme ZL, Li C, Reduced replication capacity of J Acquir 56(2) | 100-108 | 2011
Miura T, Sela J, Rosato {NL4-3 recombinant viruses Immune Defic
PC, Brumme CJ, encoding RT-Integrase sequences |Syndr
Markle T, Martin E, from HIV-1 elite controllers
Block BL, Trocha T,
Kadie CM, Allen TM,
Pereyra F, Heckerman
D, Walker BD,
Brockman MA
Nakamura H, Miyazaki | Long-term successful control of J Infect 17(1) | 105-110| 2011
N, Hosoya N, Koga M, |super-multidrug-resistant human | Chemother
Odawara T, Kikuchi T, |immunodeficiency virus type 1
Koibuchi T, Kawana- |infection by a novel combination
Tachikawa A, Fujii T, |therapy of raltegravir, etravirine,
Miura T, Iwamoto A and boosted-darunavir
Gesprasert G, HLA-associated immune pressure |PLoS One 5(6) | el1179 | 2010
Wichukchinda N, Mori |on Gag protein in CRF01_AE-
M, Shiino T, Auwanit |infected individuals and its
W, Sriwanthana B, association with plasma viral load
Pathipvanich P,
Sawanpanyalert P,
Miura T, Auewarakul
P, Thitithanyanont A,
Ariyoshi K
Miura T, Brumme ZL, |Impaired replication capacity of J Virol 84 7581- 2010
Brockman MA, Rosato |acute/early viruses in persons who 7591




Wright JK, Brumme Gag-protease-mediated replication |J Virol 84 10820- | 2010
ZL, Carlson JM, capacity in HIV-1 subtype C 10831
Heckerman D, Kadie chronic infection: associations with
CM, Brumme CJ, HLA type and clinical parameters
Wang B, Losina E,
Miura T, Chonco F,
van der Stok M,
Mncube Z, Bishop K,
Goulder PJ, Walker
BD, Brockman MA,
Ndung'u, T
Julg B, Pereyra F, Infrequent recovery of HIV from  |Clin Infect Dis 51 |233-238( 2010
Buzon MJ, Piechocka- |but robust exogenous infection of
Trocha A, Clark MJ,  |activated CD4(+) T cells in HIV
Baker BM, Lian J, elite controllers
Miura T, Martinez-
Picado J, Addo MM,
Walker BD
Brockman MA, Early selection in Gag by J Virol 84(22)( 11937- | 2010
Brumme ZL, Brumme |protective HLA alleles contributes 11949
CJ,Miura T, Sela J, to reduced HIV-1 replication
Rosato PC, Kadie CM, |capacity that may be largely
Carlson JM, Markle TJ, | compensated in chronic infection
Streeck H, Kelleher
AD, Markowitz M,
Jessen H, Rosenberg E,
Altfeld M, Harrigan
PR, Heckerman D,
Walker BD, Allen TM
Urano E, Ichikawa R, |T cell-based functional cDNA Vaccine 28S B68- 2010
Morikawa Y, Yoshida |library screening identified SEC13- B73
T, Koyanagi Y, like 1a carboxy-terminal domain as
Komano J a negative regulator of human

immunodeficiency virus replication
Haraguchi H, Sudo S, [Intracellular localization of human |Microbiol 54(12) [ 734-746 | 2010
Noda T, Momose F, immunodeficiency virus type 1 Immunol
Kawaoka Y, Morikawa |Gag and GagPol products and virus
Y particle release: Relationship with

the Gag-to-GagPol ratio
Yamamoto SP, Okawa [Huwel, a novel cellular interactor |Mcirobes in press
K, Nakano T, Sano K, |of Gag-Pol through integrase Infect
Ogawa K, Masuda T, [binding, negatively influences
Morikawa Y, Koyanagi |HIV-1 infectivity
Y, Suzuki Y
Terahara K, Nochi T, [Distinct fucosylation of M cells Biochem 404 |822-828| 2011
Yoshida M, Takahashi |and epithelial cells by Futl and Biophys Res
Y, Goto Y, Hatai H, Fut2, respectively, in response to | Commun

Kurokawa S, Jang MH,
Kweon M-N, Domino
SE, Hiroi T, Yuki Y,
Tsunetsugu-Yokota Y,
Kobayashi K, Kiyono
H

intestinal environmental stress




Onyango CO,
Leligdowicz A,

Y okoyama M, SatoH,
Song, H, Nakayama
EE, Shioda T, de Silva
T, Townend J, Jaye A,
Whittle H, Rowland-
Jones S, Cotton M

HIV-2 Capsids Distinguish High
and Low Virus Load Patients in a
West African Community Cohort

Vaccine

288

B60-
B67

2010

Kono K, Song H,
Yokoyama M, Sato H,
Shioda T, Nakayama
EE

Multiple sites in the N-terminal
half of simian immunodeficiency
virus capsid protein contribute to
evasion from rhesus monkey
TRIMS5a-mediated restriction

Retrovirology

72

2010




V. ®WEBRROFITH - BRI



Vaccine 28S (2010) B13-B17

Contents lists available at ScienceDirect

Vaccine

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

\/accine

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.
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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

* Corresponding author. Tel.: +81 3 6409 2078; fax: +81 3 6409 2076.
E-mail address: matano@ims.u-tokyo.ac.jp (T. Matano).
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assessed by passive immunization mainly in nonhuman primates.
To date, vaccine regimens inducing satisfactory NADb 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-SIVsmEG660 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 NAb 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 NAb 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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NAb administration: Day 7
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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-vy (IFN-vy), tumor necrosis
factor-a (TNF-a), interleukin-2 (IL-2), macrophage inflammatory
protein-1B (MIP-1(), 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-le
RO1-012 90-010-1d
R03-005 90-030-Ig
R02-004 90-088-1j
R02-021 NDP
RO6-038 90-010-1e
NAb-immunized
RO3-011 90-010-1e
R06-023 90-010-1d
R03-020 ND
R02-020 ND
R03-013 90-030-1h

Control Ab

2x10%to2x 10°
2x10%to2x 10°
1x10%to2 x 104
5x10%to 5 x 10°

3x10° to 6 x 108
Control Ab 1x10%t02 x 10°
Anti-SIV NAb <4 x 102
Anti-SIV NAb <4 x 102
Anti-SIV NAb 1x10%to2 x 104
Anti-SIV NAb 1x103to2 x 104
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 ofinduced virus-specific CD4+ T cells from events suchas 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 inthis 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 Rhesus macaques (Macaca mulatta) are widely
used in developing a strategy for vaccination against human
immunodeficiency virus by using simian immunodeficiency
virus infection as a model system. Because the genome
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diversity of major histocompatibility complex (MHC) is well
known to control the immune responsiveness to foreign
antigens, MHC loci in Indian- and Chinese-origin macaques
used in the experiments have been characterized, and it was
revealed that the diversity of MHC in macaques was larger
than the human MHC. To further characterize the diversity of
Mamu-A and Mamu-B loci, we investigated a total of 73
different sequences of Mamu-A, 83 sequences of Mamu-B,
and 15 sequences of Mamu-I cDNAs isolated from Burmese-
origin macaques. It was found that there were one to five
expressing genes in each locus. Among the Mamu-A, Mamu-
B, and Mamu-I sequences, 44 (60.2%), 45 (54.2%), and
8 (53.3%), respectively, were novel, and most of the other
known alleles were identical to those reported from Chinese-
or Indian-origin macaques, demonstrating a genetic mixture
between the geographically distinct populations of present
day China and India. In addition, it was found that a Mamu
haplotype contained at least two highly transcribed Mamu-A
genes, because multiple Mamu-Al cDNAs were obtained
from one haplotype. These findings further revealed the
diversity and complexity of MHC locus in the rhesus
macaques.

Keywords Rhesus macaque - MHC - Mamu-A - Mamu-B -
Mamu-I - Haplotype

Introduction

The rhesus macaque (Macaca mulatta) is a member of the
old world monkey. It is estimated that the ancestor of
macaques was diverged from the human-chimpanzee
ancestor approximately 25 million years ago (Stewart and
Disotell 1998). The habitat of the rhesus macaque extends
from Pakistan and India to the southern part of China
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(Timmins et al. 2008), wider than that of the other
nonhuman primates. It is known that the genome diversity
in rhesus macaques is quite unique, because more than 60%
of the rhesus macaque-specific expansions are found in the
protein coding sequences (Gibbs et al. 2007). The increase
in the gene copy number in the rhesus macaque, relative
to that in humans, can also be observed in the major
histocompatibility complex (MHC) locus (Gibbs et al. 2007).

The rhesus macaque is widely used as a nonhuman
primate species model in biomedical researches for human
diseases including acquired immunodeficiency syndrome
(AIDS). Particularly, the development of vaccines against
the human immunodeficiency virus (HIV) in part depends
on the results of experiments using macaques, because the
simian immunodeficiency virus (SIV) infection causes
AIDS-like syndrome (Barouch et al. 2000; Schmitz et al.
1999; Yasutomi et al. 1993). Previous SIV challenge
studies indicated association of MHC class I genotypes
with rapid or delayed AIDS progression in rhesus macaques
like HIV-1 infection in humans (Mothe et al. 2003; Yant et
al. 2006; Loffredo et al. 2008; Reynolds et al. 2008).In
addition, effective vaccination was associated with specific
MHC class I alleles called as “elite controller” alleles, by
which prevention of viral replication could be achieved in
macaques challenged by SIVmac239 (Loffredo et al. 2007,
Maness et al. 2008). In these experiments, macaques of
Indian or Chinese origin have been widely used, and
macaques from different regions such as Burma have also
been used recently.

To evaluate the efficacy of SIV wvaccination, it is
necessary to characterize the MHC alleles because the
presentation of antigenic peptides by MHC molecules to T
cells, more specifically the binding of antigenic peptide to
the MHC molecule, depends on the structure of the MHC
allele. We have previously developed a reference strand
conformation analysis-based typing system for Mamu class
I genes and reported that the number of expressing genes
varies among macaques of Burmese or Laotian origin; we
could identify at least 16 different Mamu class 1 locus
haplotypes that were composed of different numbers of
Mamu class 1 genes (Tanaka-Takahashi et al. 2007). In
addition, we reported that a haplotype of Mamu class 1
genes, 90-120-Ia, exerted a protective vaccination against

Table 1 Mamu class I alleles found in Burmese-origin macaques

SIVmac239 challenge (Matano et al. 2004). Furthermore, it
was revealed that one of highly expressed Mamu-A allele of
the 90-120-la haplotype, Mamu-A1*065:01 (previously
designated as Mamu-A*90120-5), encoded a Mamu-A
molecule that could efficiently present a SIV-derived
Gagy41.249 peptide to cytotoxic T cells from the vaccinated
macaques (Tsukamoto et al. 2008).

The aim of present study was to define the allelic
polymorphisms and haplotype diversity of the Mamu class I
gene from Burmese-origin macaques.

Materials and methods
Animals

A total of 100 rhesus macaques from breeding colonies
maintained in Japan were enrolled. Founders of colonies
were captured in Myanmar or Laos, and the colonies were
separately maintained. Macaque colonies were classified
into seven groups based on their paternal lineages (90-120,
90-010, 90-030, 90-088, 89-002, 89-075, and 91-010F1)
(Tanaka-Takahashi et al. 2007). The animal 91-010F1 was
an offspring of 89-075.

Sequencing analysis of cDNAs from Mamu class I genes

Total cellular RNA was extracted from B lymphoblastoid
cell lines established from the macaques by using RNAiso
reagent (TaKaRa, Shiga, Japan). Oligo (dT)-primed ¢cDNA
was synthesized using Transcriptor reverse high fidelity
transcriptase (Roche, Mannheim, Germany) according to
the manufacturer’s recommendations. Full-length ¢cDNAs
for Mamu class I genes were amplified by polymerase chain
reaction (PCR) using locus-specific primer pairs, as
described previously (Tanaka-Takahashi et al. 2007), with
a modification of primer pairs to those reported by Karl et
al. (Karl et al. 2008): 5’MHC_UTR (5'-GGACTCAGAAT
CTCCCCAGACGCCGAG) and 3’MHC _UTR_A (5'-CAG
GAACAYAGACACATTCAGG) for Mamu-A locus and
5’MHC_UTR and 3’MHC _UTR_B (5’-GTCTCTCCAC
CTCCTCAC) for Mamu-B, -I loci, using Phusion Flash
DNA polymerase (Finzymes, Espoo, Finland). The PCR

Loci Number of analyzed macaques ~ Number of observed alleles ~ Novel alleles (number, %)  Known alleles (number, %)
Mamu-A 100 73 44 60.2 29 39.8
Mamu-B 93 83 45 54.2 38 45.8
Mamu-I 93 15 8 533 7 46.7
Others (AG, F) 93 2 - 2 100
Total 173 97 56.1 76 43.9
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Table 2 Alleles of Mamu-A locus identified in Burmese-origin macaques

Locus Allele name Novelty* Accession Number® Shared allele® Number of animals Identity to Mafa or Mane alleles®
Al A1*003:01:03 Novel AB496714 1

Al A1*003:08 AB444903 C 7

Al A1*003:10 Novel AB444904 1

Al A1*004:01:02 AB444866 C 19 Mafa-A1*004:02
Al A1*007:06:01 Novel AB540211 2

Al A1*008:01:02 Novel AB430443 11

Al A1*008:01:03 Novel AB496711 1

Al A1*008:02 Novel AB477383 2

Al A1*015:01 AB551785 2

Al Al1*018:05 AB444927 I 1

Al A1*018:07 Novel AB444928 11

Al A1*018:08 Novel AB444926 6

Al A1*019:02 AB444900 C 2

Al A1*019:05 AB444901 C 1

Al A1*019:07 Novel AB444899 2

Al A1*022:01 AB444895 C 1

Al A1*022:03 Novel AB444894 7

Al A1*023:02 Novel AB444874 4

Al A1*026:03 AB477385 C 1

Al A1*028:06 Novel AB444924 1

Al A1*028:07:01 Novel AB444923 3

Al A1*032:02 Novel AB444933 13

Al A1*032:03 Novel AB444934 4

Al A1*040:01 (AM295910) 1

Al A1*041:01 AB444931 C 1

Al A1*041:02 (EU429608) C 1

Al A1*042:01 Novel AB444868 C 2

Al A1*043:01 AB444869 C 7

Al A1*049:03 AB444880 C 2

Al A1*049:04 Novel AB444881 2

Al A1*050:01 AB444889 C 7

Al A1*052:01 AB444890 C 3 Mafa-A1*052:02
Al A1*056:02 AB477384 C 6

Al A1*056:02:02 Novel AB444935 3

Al A1*065:01 AB444921 C 6 Mafa-A1*065:04
Al A1*066:01 Novel AB444888 14

Al A1*074:04:01 Novel AB540213 1

Al A1*105:01 Novel AB444898 1

Al A1*105:02 Novel AB444896 11

Al A1*105:03 Novel AB496716 2

Al Al1*105:04 Novel AB496709 |

Al A1*106:01 Novel AB444875 1

Al A1*107:01 Novel AB444887 9 Mafa-A1*096:01
Al A1*108:01 Novel AB444925 1

Al A1*109:01 Novel AB444902 7 Mafa-A1*097:01
Al A1*110:01 Novel AB444884 4

Al A1*111:01 Novel AB444886 1

Al Al1*112:01 Novel AB496717 1

Al A1*117:01:01 Novel AB540212 2
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Table 2 (continued)

Locus Allele name Novelty® Accession Number® Shared allele® Number of animals Identity to Mafa or Mane alleles?
Al A1*118:01:01 Novel AB540214 1

A2 A2*01:03 Novel AB444917 15

A2 A2*05:03:02 AB444910 C 2

A2 A2*05:10 AB444907 I 2

A2 A2*05:11 AB444909 I 7

A2 A2%05:13 (AM295927) C 1

A2 A2*05:14 (AM295928) C 1

A2 A2*05:15:04 Novel AB444914 3

A2 A2*05:22 AB444911 C 1 Mane-A2*05:18
A2 A2*05:26 AB496715 C 2

A2 A2*05:31 Novel AB444908 2

A2 A2*05:32:02 Novel AB444920 2

A2 A2*05:44 Novel AB444912 1

A2 A2*05:45 Novel AB444915 2

A2 A2*05:46 Novel AB444913 4 Mane-A2*05:03:01
A3 A3*13:13 Novel AB496712 4

A4 A4*01:02:02 Novel AB444879 3

Ad A4*14:03 AB444876 C 1 15

A4 A4*14:04 AB444878 C 1

A5 A5*30:01:01 (AM295945) C 1

AS A5*30:01:02 AB444882 C 1

A5 A5*30:06 Novel AB444883 2

A6 A6*01:01 AB444938 C 1

A6 A6*01:05 Novel AB444937 4

#New alleles are indicated as novel

® Nucleotide sequences were submitted to public database and can be obtained with the indicated accession number. The accession numbers in the
parentheses indicated that the Mamu class [ sequences were identical to those numbers which had been deposited previously by other investigators.

¢ Alleles found in Burmese-origin macaques were shared with macaques originated from the other region. C Chinese-origin macaques, / Indian-origin macaques

9 Identical sequences found in Mafa or Mane alleles

program was composed of the following steps: denatur-
ation at 98°C for 10 s; 25 cycles at 98°C for 1 s, 63°C for
5 s, 72°C for 20 s; and additional extension at 72°C for
1 min. The PCR products were cloned into pSTBlue-1
Perfectly Blunt vector (Novagen, WI, USA) according to
the manufacturer’s instructions. Both strands from 30 to
90 independent cDNA clones obtained from each macaque
for each locus were sequenced by BigDye Terminator
cycling system and analyzed in an ABI 3730 automated
sequence analyzer (Applied Biosystems, CA, USA).

Data analyses and nomenclature for Mamu class I alleles

Nucleotide sequences of cDNAs were analyzed and aligned
using Genetyx Ver. 8 software package (Genetyx Corp.,
Japan). When at least three clones from independent PCR
or from different individuals showed identical sequences,
we submitted the sequences to DNA Data Bank of Japan
database and to the Immuno Polymorphism Database for

@ Springer

nonhuman primate MHC (http://www.ebi.ac.uk/ipd/mhc/
submit.html; Robinson et al. 2003) to obtain official
nomenclature for novel alleles of Mamu-A and -B genes.
Phylogenetic analysis of Mamu-A sequences corresponding
to exon 2, 3 and a part of exon 4 obtained in this study was
done by using Gentetyx Ver. 8 software package. Mamu-
AI* 001:0] was included in the analysis as a reference.
Neighbor-joining trees were constructed with the Kimura 2
parameter method. Bootstrap values were based on 5,000
replications.

Results

Identification of Mamu class I alleles in Burmese-origin
macaques

We analyzed cDNA clones obtained by RT-PCR for Mamu-
A locus and Mamu-B locus (Table 1). When at least three



