(WA VA #69% 4275, pp.l29-144, 2019)

2. HIV BefE OERBHAE | SrEDES

W &

ESWVARS SR )

[l

= ia

IA AWget > ¥ —

HIV3Z% 2 A2 mikie 2 S b TIRONZZBOBEFIC L D IR L, ERIEROMAZRL
THfER T RIS, & MEHIPTOREZ KT, ARTIE, (DZEOHITHEMOERIZ L D HFSN

72 HIV Je88 W22 0 72 R IEBIZ O EFH L Tw <.

1. FF5&

HIV X Y% O ##% T d % F 4 SIV (simian immuno-
deficiency virus, TIVHIEARLEY AV A) (&, e b/
PN ENENFRE Y A VARG T &R L, BRIER
EAREFEGRE (AIDS) %5 &3, HIV/SIV IZZEARN
IZED 9 DDOBRT TINEERLTBY, ZORSLHEEN
DT AN AFH) - RIEFRIEE, IS ORI £
59, A NVAFNIIEREFENEZL726THDTHS
PR, KHEMESM OMES L MR CHEGIET, INET
RO VEERGHICE > T olieoRmsh, 5
VIZKEREICHIII T E B X D124, WRICER OESRD R
ZF5NS. ARETIE, 22 10413 X0 HIV &YeE 2B
T 5B, MWL OO T T =<K T
AL T E, EEDONy 7 7570 FE, R
RENDRN (L5 ) DBTEEZFH N, CHE G IHT
LS ARIRRAFH G & BN AWM EEIHEELZ VN LEK
ZERK L 2SI F SRS [#) ~— 27 28R L TA.
EWNTRGHENOZE 2 ETHVIEES, FESADTZS
ZIZHUEFENTH 5.

2. BRBE+BERAF vs. HIV EBEE OXFS

HIV/SIV & CD4 % 5%k, CCR5/CXCR4 % 352 41K
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EFTBHLYTIANATHY, WEHL/ A€ — CD4 B
PETHIR, ~707 7 —=DICFEIERT 5. 1983 ED Y
AV AELEED DI HIV O 7 £ )V A2 WENT % B804,
F 97754512 replication-competent 7 HIV £k — £22 /14
HMAEEEFE - FRT 52 EPRMOEMTH -7 #2,
T ANVAEHEHARORIZEIZT &S HE, 7 A v A EEHE
LR ENEIRTIE ER T OEBELHE AT b,
2001 £ F TI2dH A 707 41) >, TSGI0l DFERIZE -
7z FNLIREIS—E =TT O KIE 22 4 S £ - THE
VER S 218 E—"7 1 )V A& H - O FE TR 220 Eks 4
TUfE & 7 b, VifFAPOBEC3*Y, Gag-TRIM5«”, Vpu-
tetherin®, Vpx-SAMHD1”, Nef-SERINC3/5%%9 7z &
ANV A—TGEEAE ORI K 42 L R EhTnwb,
72, HWEGRHIE THR RS T OFBULT % 3 MARCHS
A ER O HIV .o xa — 7 (Eny) Z W28 » L
Fal— MBI ETHERTE L THEET S PO B0
FERICHBIIIR S NS X912, Mo A v ARG [E A
B SN2 R ORREICAHRE D 3 2 T TRz R 2 7R3 €
F— 7B TH L. NS ORENLREERTOHE
MO ESBICHEELT, WEOMEERE YAV AEREEY
B E D AAT AEERT PIMFY 2 W)k s 4
YT TOIANVAKT I T REICUER ) VR R
fIHE = 3 MELK®? 22 EsEEsh, [ - & 413
PTG WA % { BB 1 2V oER] 12k
TR INER SN TV 5.

HIV &G (S LTI B o B e 1) % AR
OZENIR L, AR o AT Nef (KEMN 72 K
FEREEOWE ARV Y. 20 XD % B O B
RERT DAV ARG LTI ARG IR
NEREND O EHE TH L 705, HIV/SIV IZFEERMIZZ
I BBV ENMS T W2, Wwhid innate silencing
WELTWEDLIFERZEOEFIEIHL LTI o7z,
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£, oxra77—YICBWTiE, MEEAZRES L7z HIV
Hsko 7 7> FidfE £/ T CPSF6 ~OfE& %L, %%
HARGBEINEDEREZR S W ESHE s D),
HISRIERIIH T 5 T A7 — T OMREFNI BB TS L9 12
BEICENT SN TV S, RRE LRGSR EL LT 5 4
vy bELToOHKGERETEY YRS 2N THEE T
H—=DODXF =L LB ETHA.

COL) BEGEMBNOBREL TR, T8, VY —
7z (IFN) BhREix, HIV/SIVIERIZBWTE) o
TWAHTHAH D, @HE, THIFN BRIE R Y 1 )L A%
PAEIR L CTE R BiHEhR % 5843 2 45, HIV/SIV ¥
BB DSHAL LT < S B 2 i A~ O 5 1%
FARICD 72 ) REHTH - 72, 2014 SEFOHE 19 122 hic
FIEMIERZ 2D TH Y, BYHENIIHG Sz T IFN
FEEHEICET T L2018 L, EGEHICES L2 IFN
WERIERAEIC L ) T ANV ZAERELMEI L L) ZHE
AR Sz o T, MBHEAL T IFN B O
MWEFE LT, invivo COIFN NGV EIET 5 &, Zh8
ESICRYIERICE S 5 & v BIEROBAELET 5]
REME D RIB E NS,

FiToo, EERNTICL 2 HREREICE & BRGEE
ISEE, R~ HIV/SIV B2 I e+ 2 2 &8
EZONDY, TNHLOMBRTHIIED L) B3y —
RWADPIIEFICEELRA L P TH L. REORENL
ST, b Mb~w A~0 HIV &G % BR G 12 AT
35 & Vpu Il X % tetherin FHUIE W O R RPT G N —
A2 D DOFANZMATH Y, tetherin & ITEIIFN IREIC L 5
YAV ZENIHINE 7 & D TH - 72 #1D . KERIFZ 0
£ 9 7 tetherin (ZFEHLT A HEFE DB )L — & b
EHEOBRE e o722 L b ENICHEESELHDTH
D, WIS OWNEERERFHOMAEEEIZHR T2
TR IFN &l & S0 & 9 %88 — v CHAET HICE - 7o h
AL 2 ECEELRIREEE T L HMATH
HELWR D,

PlEo X912, HIV/SIV I EMEGE - HRGIERE
SR L CE b THEEOHRAL - HPUEH 2 RTZ &7
RZT&7005 20104 EROBRKOBEED—DTH 5.
COLE)BIEE-TANVAEAEOMHEEHRICET 2 M
DERRIZEDCTHBMIZEET - R LD 0%, HEEN
X —% Bz CIFEe MEFRICERET L HIVEEL v F 7 4
WADIEHTH L. WHIIZIE, b P USOEEEADK
Yk AT S5 720, H/NROEIE E SIVHFRICE &z,
HIVO 7 7 AL OMEEERKIRRS72F 2T 7 A )V A
EFPA T HT IO —F R ENTHS FBIY g
1990 ERFIE2A LMV MENT VLTIV / b FRERE
7 A VA SHIV BROfEH & —FfiTH D), -t b~D
FEMEIE & B o)V — b 2l B BIEASEAL LS5 22 & v ) il
R VIRTCHINT 70 —FTh 5.

(TANVA EE69%& 527,

3.LtET 4 -BESE LRE  Be¥MNBETYO0-F

HIV EGRME TR O AL 2 MEEL A, HIVE
AFZ 7k CCRE D L 02 i 6 12k T RIS 1
72 CCR5 @ 32 ¥ RIRE M TH 5 B2, ZoLHIZ 7T F
TERHDOBHHZEOIL Y b)) —~ORfE L L CEIR S L2 HE
PEDHIEBRD LMD DTIEH o722 P, HEORIEN
JEE L HIVIRIUE * R b mmic R I HlTch b 203214
FERBUAMC D, Wk RS 5 CCRE #in T 7 1
E— & — SO ey SR &N, CCRS %I
ED X BRI - BIGEEIC D IREETICEB Y — T —
ICHEEDPES S Y HIV EERETFTH D EHAONT
&7,

I, HH O — MBI XY F7- 7% CCRS BESL R
EHIVIEEOMBEETE L RoroTwa P K#ific X
UL, i b AENAYIC HIV f4H & 4B 9% CCRS BY# SNP
X7 >F > ACCR5 % 2 — K4 % IncRNA (lon non-
coding RNA) OZHITH ), ZOMIBAFEBLL RNA &4
Z M Raly @ CCRb #fnt 3' JERIFRFEIR A~ DK G — 401
ZWiF5Z & TCCROFEHMPEICHIBS NS, £RIZ X
DAEMBEOKIEE —F LT, £y FEAL Y P A VARG
SNP O FHIECEHICENLSN ) 522 -7z L&
7y =SS HKEMSA L1, in vivo OB RIS L, —
FHIECTI A — 7% BLE Wil %2 5 2 7B 0 fRREZ L
FEINL CWAZ & EEMMTh Y, Frfkidr k9 HIV
EYIETL TR IAL 7 MIHELD W) DILER
W7 B2 SHFEICET 2 e Th 5. LR CTRIE SN
b D% E 07 IncRNA 785 — > @ HIV &G B2~ O B 5
LELEBIFHOT—< R L EEDbILS.

4. %% - RFCEFET O 1 IV ZBRERE Post-

treatment HIV controllers

HIV ESHEDHL L b1 A L ZFEEIZ BV TR W R
BEL 72 o TN AH DI,
1.HL baw AV AED in vivo iZ%EE (penetration) @

ek
2 HBEE e B A NV AR AOK X &

3. Per-cell/per-tissue T?O _E O latency
4. FNBN X B IFIME T AV ADWBL L SR DL
Thb.

HIV EGHED IR ICB W TR O BB EGTFHREE D
THDE LT, KD penetration AN JE Z TTARS 5 ML 1L
I DHAASNTEL I ET L7 70 —F
X, (Wil L CEBEERZREEIC X DRIl L, ¥
ANV ADHRAE L 72 latent =3B 2 HEbR 3 2720 TH D, —
DOREW LG E LTI, HEEA—7 A )V ZFARREZ
T 5 HIV RN REILDEOR)ZRN %7 — A MILD,
7 A )V A Hillf % H 48§ structured treatment interruption
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(STD 2 AP 5N b, 1990 FEA %S M EN 7
RFELL, SHOBCRERER EDOHESIHEEINL
WY, EEPICBOTHE L 72 E — 7 50E 2 B8 HI 4
LT LML IICHEML, Bl kEED HIV &
FDRIER A U e h o230 2, BT
T A NVAAR TR LIBERKL, RN TIEENLLD
MR A e R R JEH I X D L L & e v HIV O Fif &
R EICWFEL R TH L.

HIV/SIV @ in vivo B EHEOE~O &1 i A 72 HLfiF
1A HMIS, A XHWETVIZBWTHLY FPEY AL
AIOFIEREE R L 0 BtE L
LGP e 4 » FollE () FET 5
2. FREDSFAE L e WIGE, SR L RTIc L 2 A VR

YNy v FORRE RITY %

T7U—FEWN 2505, BEEENDLEWHLE T A XEY
WETFNVOFFMRBENR NIV Ay 7 &Y, ZFOMITIX
BH TR ahoz. ZThid, HIV¥EGEEOIH & v
) BEERCHEE 2 T— Vv a, HHiETdH D HEIEH
D5 SIVET VTN 5 Z & ~OBAEE HE L
DT EEPREING. ZowkE HWIZ HIV S5 E R
HAIAATLZF AT SIV (SHIV) O 7 &b —Hat A
Sizhs, BURE LTI SIVEE 2 T4 IS HE T 2 35
TRAETHIEE T VA ZEICEAT 5 2 L0 REL 7o
TWw5,

MO #Y T, SIVIEREE 2 HEA S 4 B O
L b AV RS AP SOV ISR R T R R 00 2
My A NVAEOERERL, HEHICK2ERETH
(post-exposure prophylaxis) ® K # X ARIE S 7z, JE4E,
COEBADVDIZIRE MY HE STV 5,
PLL b o Ay AP E P (combined antiretroviral
therapy, cART) D BAMGEEFIC & 2 R IEFZ D) N~
REALZ AT L 72 SIV G Ve TV Ic B W T,
PIRGIEIA 2 &g t2 3, 7, 10, 14 A & (LS8, BG
AEOENZHTZIETY N » RPRT Y, F 7%k
H3HEV)BENZBWTEICH WA ERMB 2GR 7T b
IIVTHEBR T & G RE () — =) RS ID
ZEMRD LN L 1990 FACIIRE ST Hit
HIV early and hard” % # — 33T 5§ 24582 L F 2 5.

P - SIRINA T 22 &0 HIV EENHIREE I BT,
MR O L VTR T2 HIVERO S 4 737 A%
ST 5 120E, IR ) A ST BT A 2 L ASEEE
Thb, INhxETLHD, R -7 102 v 7
(NGS) 12X DfARTT T AV A ZRERE, KO/ F721%
R HAL THIE L, pseudotime B#HT 22 &2 X 1), L%
] OIRIBRERE & HEE - BRI T 2 D057 A )V ABhRE % Gk
TH2OOBHLVEELE LTEEL22H S, &
THEIE, NGS OHESAY in vivo BIREDIHATHREEE D Ih) 12

D
5
AL MIXBENTZHFITHL E VR D, Toa{ i
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L7 7u—F kLT, SIVHFGHEHTEICE W TR
CDS8 Btk T MBS B DRERY /S & — 2 BRI L 1 HIHIREE -
FHREHEET LI LTI RMBENRTEY, i
T EAROFIHA A Cer — A EICHE T TH D L%
ZHND. M BEAROMIRBIT X, Tay v M
AR O landscape AT % AHEE TR L E T
HEThY, Tur A VARE CDA bt T Mileo 7 a—F
VT AT 2 T EE LT TU—FThb.

FRo#EY, [MHEETOEK] oFEsH ) ETYAN
AR R ) =N = LIRS 525, EOEFRITERIC
A TH L. BIZIE
1. LCMV &3~ 7 212 B 5 BBk O £ 912, &Rk

DOHLENX T 5 72 WS BAS B O BRYLRE | 2 — BB

TH L 5l 37
2. MM FILLE 22 &, 7 7 & AR RE Tl 70 W 3341 %

SRR 2SR ER N ) ¥ —, MRk OO SR ) o8

OB ENANL ZETREZHINLI VDWW S

FHA

COTOEMIC 2T v ADEL Y, HIV 5B
TlBRBATIRT L%\, SIVESETVET VT, T
HMINBIGZZ & 5 Nef KIH55% SIV (delta-Nef) kOl #HIRE 2,
B AR H o> CXCRS B4 PD-1 By g i CD4 Bt T Al
i (Tfh) (ZERD A S — ZAAVRENTHEY 9, )
YOS OMAIEE L THRA—-I Y 7OMEeTI12L Y
b R 7 A AE S 2 W REME TR S LT\ 5.
— T, O/ 23 L CXCRS Bk i CDS By
PET M & 2 EUAiaOHER 2 L b ST 99,
SHRDFNTOMEBEIINRES NS,

COLH— ke LTI, — RIS U d
@ HIV/SIV OFEFNHEMIZ X 2 HEBRIGWEETH 5. Lo L
BIGL SRR\ AFAE S B 2 & YLD VISCONTI 2k — k(2
BOTCIERSG SAO, FRICEEHSATHS, A,
Pl b awy AV AEEGE I L 72BIC, 14 Blo HIV &
PH NI BN TRPEIZROENT A VAED ) N7 v FIZE
HIOBIEN A U D, 5D WITEIREED L U % v post-
treatment controller IREEASIE S N7-DTH 5. KHEEH
FORMWIMEAZEK (PBMC) 13HI#E#£12 X ) HIV A
R0, KN A NV ADEEHREINEEN TV b
Tk, L L, SHEOBEIC X 0 Fbn 7 85 5
PO CTHWEETH B ERENHIVERTID L) 2
FAZN 9B LRIEKREA VN7 M 3d b LI [
HAHIE vs (IREGRIH OS2 MO TRRT 23D L B>
7z.

VISCONTI 2k — ML, BIE TZIF72STI THE
L-BBEREABB LML bWV 5, BRENT &I,
post-treatment controller (& HIV # & g # fE o i& v» CTL
ZWHT L MHC 7 7 A1 % —BICHET 5 7% EOFFITR
T, L LAZTNLEAE LA WEIDHE? -7, Tk
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HAZOb DN TROFBNZMALS - Tb L, )
Moty "KLY b7 A VAED CTL FHO Y 1V A4
BRI L, G HEEO ) N ¥ FOFIEN N EI0ES
NLEEEDT 775 —=NlEo &) B LA FEEZRIET S
R THAH. T D Post-treatment controller BEHE ILHFT
THEFT 100 Bl 722 NbDTH Y, FIEOER L <
DHMBAFITI L D HEPHHFSINE T —~ThbL.
DGR E LT, RIEIDEFATHIV 2l L7285 &
post-treatment controller @ 7 107 A )V A7 ) L LA A
I~y THRRDL LV HRL TR T VS A,

5. pfmEO LN MY ERIE, FEEERT OB

HIV/SIV (375 M OB X 24586 7 1 )V A &G 3
ThY, &bLo THMPADOERNTH 5 Env IZIXEE
DEHEDET L. ZUE 1990 SER DB Tro—=
TEFIZE DHBLTW22 2, (D k) Z2Hifke Env
DA EINT T 2 2 EBERD] IS % e o e w»
CLEBFRoTh, EnvOSMEEL ¥4 L7 MIEFHIET 5
TP FFEIIEAE L TV e dr o 72, 2005 4 LU NGS 28
—MIEA SN, fEE B Mg AEAk (BCR) - 7 A VA Env
DM HNA AN —T v MO DSHIRITREE 72 o722 &
2D, WHEMASDEIERED 2R — MEH Y A5
FoTW5h,

HIV B0 70 IR 2= P FIPTR  (broadly neutralizing
antibody, bNAb) 1%, Burton 57431994 £® bl12 12T 4
WYL, 77—V TFTAATVLAER I LOE L%
FoFFECHEE- BTSN TE&2A, 2 104F T,
Env 70— 7HE#IC L) 70— A P A —% —CHBEEL /-
HIV Env 21 Bl ER > o 0o il 7 0 —= > 7
- VH/VL 03k ET 7 a—= v 79 23 L7
WEB O KBRS MAFRO SNz, ENFNIIOZEHED
T2 I IRAT 10 AT Db N7 45 %, bNAb H K& CDR3 #
WOMEDRET S % EFHRILIREINE 2 &%, 20
MBI ORI L ) BES BT, 5D bNAb % 4t
germline BCR OFERIIIRERTH 2 ® 2 LA LoD
HDH. VDR TRWIRERVEE T2 HEEN5 ]
Yy (43 BCRIEA L\ D HERBIEIETTO) e
M ZEETIVCTHY, FNERENREYEN TN T v
Ny 7 LTRS Z £ Stochastic ontogeny”  (FfE 25
B 2RT2EERBENTVLL Y, ChbDHEES
/- HIV 42 E / 7 1 — F )L bNAb @ germline BCR
WEF" ) v 74y Lie~x T A B W TCHIE EHR S 12 &
% bNAb FFEICHI) L7722 &3 FEBR E—D2D~ A VA b —
YTH NV BIEFUEICHRT DEHEEE LIV TD
BERL R OEHIZ &) PikiFEE % Hig3 LT proof-of-
concept & o> T\ 5,

FAW O HIV i BHUAOMIRBENT 125 ] S e < BERE & L T,
HIV 5109 bNAb #5385 E O 5 - RWEIZO W THEE W

(VA VA

&N oD Z 10EDO—2DMETH ), bNAb
FHEHRED - OK— N OBIEEMBIT R EI2LY, F
BAEHEN R 7 70— F P ER SN TV 5. oz
W7 PCA (ERTF4H)V TR, BIANVAELRED
bNADb FFHEAMN T & L THA I NA, ZhidEHs
MHC 7 A1 7))/ N7Tas A4 7RSS CTL 12
£ % HIV fil#fik#e<2, Th 53 {bsis - b ¥z &% »
NEZAT Ay ZIZRKME L 72T ICIERS iz,
counterintuitive Z AT D 72 5 SN A LB RS 72 fif
WEfHoZ Lot

KR % bNAb MBI T 2 — b % Tigh U kAt 72
F—U—FNiX, HORETHA. HEDDNAb 70— (2
BWTAHNT ) E VISR EEEOH RIS RO
BNy —ARREVHFEHsNTBY Y, EBRICHE
fyEgE (B0 SLE) B2 T HIV H A9 bNAb 57535
ENBHLHATHERINT VDY, Zo#HETlE
bNAb #i HIV &4 2k — b @ 1,000 NHEALOfEHTIZ 5
W3 bNAb & BT SEEN O RO S5 2 &2
Shk o7 BIb, bNAb I EIEIG 2 0 & ol
NEELZENHBOFEMELRY I B, L) ETHD.
IRFEOHCHIGHEE LTHEB L2 — A& LTiE, BE7
0 — Z PuEIR LSS OBk L HIV gpdl 123 L T 7%
WERFOZENEITON, b5 T 7 F UiFEL EORE
BE\Z 70 B EIED D B 59,

EREDAHZ S bNAD /8% — 3 b7 &b 3 OFFE
TAHEEDbNL. —20fFlE LTIiE, MR T T il
MBI AR S e VW —ER DA B IZ B T bNAD FHE AR
DN B TSP ORSFEIREN R L T EHEE SR
HVEFITFTFLEHS 2 TIE v, —“oHIE, autologous
FPURISE D B DT A — 712X ) bNAb DIERYEAL A
HL, 2OFEIZES2r—ATHY, RFOILE LR
AbNBNY =Y THD F7, FoHIV R
bNAb #FHEH D Tk — T+ (K50 % vs 50 %) DFFFTIZB N
Tid, NKAHIIC & 2 M5 REAYE v 2 & AT bNAD i
LEICHMET 2 2 LR BELBICAHLTEY Y, 20
in vitro AT TILUERL CD4 Bk T Mify (Tfh) &5
AR L7213 9 HPURFEE in vivo THIS 2 W REE 2R
LT\ 5, SRR T MK /NKHAZIZ & 2 85 72 M ia
% (immunopathology) #% B Al (2 & #2288 L CHMPTE
FMELT AWML, < 1Z CD8 KIELCMV <7 A2
BOTHIEFER T — & ICED ZREEN T W% bNAD
A NK ML TS 2 OFMED T Fu T —Tdh D D
X, JEWICEBRBEWE ZATH D, 7 AV ARFRPUEE
EIFIEL T THRFELERTTELLDOT, ZhEN
ANOFEORYDBELLZDIEED X ) RIEGEETFTIVTH i
DRLBEENTEY O FROMENTAIL Y M i
percell DWEFEZHET LD, HHWITI )< 7OkH
FEOHIECEDL L2 O I5BEE LT —~ L) 2 5.

§69% 277,
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INHDH NIRRT 585 — v Oiisid, B Z PR
REFEIL — b & HIV/SIV EHEICB W TR LIZC wE
L ERIRIET S,

nB, WlFEMERZTLO0TYL LN L TR E
72volk, (FLHIV &9) FERFUEOBRIER A (affinity
maturation) (&X' T /7 THI L EE T B R T
3%, vFYVYIOTIF—PAIDPEREARFT) Z
L2 X B BAIEASEDORRE G - 728 722 v ) &
ETHAL. FPHPUL L Fra D—FEITTERL DT, HE
DB E R L TWE DO LI EENTEY,
DR DTN L DGR - BERED AL AL FIITFED H L
HBWEIFTH A, AID DERENEHEEIL L Twiug, iz
WERRERE N C AID BatE B Milatk 2 5538 Lt 27217 T2
BCR EIZFICEBRIIER L TW X Y, jn vivo TIZKHED
WNBREEIC X ) AID X B2 a ol 2 2N E L
HTWE Ik oTWwWA, L oC, HIV RSB RPAIC
EEOBIMERAD L L TWDEDERDIEZ, RALD
B OHNEA in vivo TREY L 72 EHEE LR R 794 ¢
BORBIIh L 0lz—2DT TU—FThb.

BIg S iG AL b o H TR AKAE 14 (Thymus-
dependent) DHLE THNIE, g T ToOHAERERIZIX
CD40 B EE~FLH S 7 F )V % 3 5 g4 Tfth O #ih 2544
%. HIV/SIV E4eE T, JBlcab <780, Tth Bk D
ey — 4y N TH Y P SIV Gk T I3 PR
BT Th B %20 5 ¥ W, KB s
WA S A OREREIC X ) Tfh £FIZBE L L 669, o
R E LR L THY O Z0fEfEr S HIV HuikshE |z
ED XD BRIEAOREE 2 B ZER G, H o Tfh
IRIESHL HIV PR ORI =M & B3 5 & v 9 HIV &
Ye# OIEAT 6769 22 SHIVADS [E4e+ V& 7L #69 T oo [l kk
DG, ERE 2 > M ts g 7a 7 7 4 v (9
DT Thl/Th2 /85 > A2 & L CHAIIZEH S h2b0)
WEPURFEE IR EE @ 2 5 NEDS, LBIcET
HIV 43 £ 12 BT 5 bNAD 3 %) 70 L b b 8 X
L), FORFITIILENBIHTH L TTREMED S 5.

6. PAAZENIRZIC K BRIV AHROFE A

H k7% decay 2581 X 4LI2 v ™) HIV Bigsiia o HEk:
W20, EYHEDMT ©  OREik 2 2T 5 S L DSIEHE B .
FnEEMIZ, Ta g A VAR R LB RERGH I B
WA IR S AR L, MEmICEIHT 5
Env # H Bl & L 72 ADCC (antibody-dependent cellular
cytotoxicity, PUAAMKAFMEMINAEE) & & (hA) Hifk/
NK Al D2 I & ) &Gz 33 % 7 70—+
7% Shock (/Kick) and kill” & L CHRBER ™, [@ED
HEAZEZFD HIV R DNAD # EHE N7 VAL —T 3
FVIEHTAZ LD HIBE T A,

D L) RBEE A B = A L% HIV RGP RPUEIC D
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ST 272012, PUEZEREIC#E L2 v g X
EFLRE MY ZAEFVAHWSNT WA, RiEIZH
LCid, BEAHMIZIE CCREfRIAMEZ R L Tl 1 X5
fE% WY I2k L, HIV 3K Env %A1 % SHIV OfEH
VETH D, EETIE, PERE R VOFHEL D
Bz, MPICAY) Ty 00— F VI EY - WiET 5
transmitter-founder (T/F) 7 A )V A% @ H3£® Env %
Fiv:72 R5 351001 SHIV %2 e & mCns @ $72—
#8o> CCR5 481 SHIV 2 1 — > (] : SHIV ADS) ™ 1%
G5 10 72 I 5 O FRAT I I8 C, bNAD E 7L D fif#T ™
GECIHENDIZES>TWE, —JFk My ZEF )L
X, ISR L 72 MR TH 2700, KO
FEIE DIFATRICEIEM G TE B LW FED D 5.

Shock and kill A4+ T4, HAIPLEHEICOZ B HE D
BhIBR R FEAT D T AER & e fE 2 T\ %, SHIV s
VETFVIZBWTIE, B HIV £ 20 bNAb % 7545
BHREGTHZEI2L ), bNAb DI e A — 5 KR 72
NTWAEIE IR 7 AV ZmOflaSE I NS Z &8
s T B FOT0 HIFLIRRE 0 322 13 {4 T @ bNAb
I A7 —7 EnvEZEROBIREHELTEBY, iRz
Fifit S5 20T EDO M LETH L ENEZD
NTW5,

YR AR D bNAD B fE % 1T 21E [ L OKH#ETHR
HNREALETANVAZPERTE L5] ZllETE, 1
T F o EO—FEOY I 2L —YarokHbRLL
3 5. FAETIE, KHED bNAb ZE) 212 X 1) SHIV i
WAL DSEARRHIEAE SN D 2 E DR ENT NS D, [
RN FDOFEE T I BN ™ AV A &I L AR M A
VAR, 707 A )V A DNAED 2ARHETH - 72h, T4E
TIEEEE PCRIEDFZIC L Y, [ O &2
b ANAT ) ADHHENZ W] 2 212X 0 HERAEAL
LzZZmid 20rERSNLEMDDH 2 ™. ik
HAo 2 i (bispecific), 3 fffi (trispecific) ~DTgZs 80 %,
Fm i & F < § A 7200 Fe SO W2 I ZBHREIC L b
SHIV e 7 BRI R % Feo 5 2 & b Y 8, HifkpEs
ELTORMA S - AN R REILATHE L ST
b,

HUTL2RMO7 7a—F & LT, PHEIcLsT
MR IEOBREE L £ 2 b b, 5L DR TIL,
SIV &Het2 7 H HIZARY 7 1 — F UL SIV FH IR O B
Bl OZBEEIEIC LY, BERHRBAOPURER D] S5 < 4
FH T MG O 4 ik iy 70 T3, 5L CTL 4L - 103
BN T ORGERET % ED A XY MR AIZELTW &
FEMIZH725 SIVHIESZE S N2 AL Tw b
#)Z QP AIRLC & B MY RIS IS A OB R L v A4 )L
A, ZERE L PRI RIBEDSTAE L e v & &1
Fer ) e H - S 4 B0 HIV/SIV Btk T Ak
AT 2 72O VXA T 5. T 2 2
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HIV 5 241 bNADb 528 % — SHIV £ 70 #Y 125\
Tld, CD8MiEFERICL VIR T AV AED ) N7~ K
RS, A7 & B FEREHEIIC BV TiE CDS g
EMDPHFNZES L TWwAZ b REERTWwWE, 2ok
I % 2 O bNAb B E % cART L HlAEDLEDL 2L
T, 7uw 1) Z DNA & OHIEA A LT 5 & v A1 &
L0, B Shock/kick and kill PIAv D & 1 20—
YTO PRI A IR TH L LEZ LN TV,

Z O L) IZHHIPUEIL in vivo I2BWT, 7 AV AHH]
PEFNZ I 2 Fe KA 19 72 HIV/SIV B A %h R % [ B 12 5k
T&ELHZLI2L, FF - BEOWME A S Z DR FAINRE
SNTWALHNTH L. HIV EGEH BT S bNAb O
GEBRPEHTCTHITLTBY, —EKEDMF Y AV AR
DIV A3 S LTV 5 #8687

7. THIME - NK il & vs VA IWVAI Ry —T'&
Z DR

HIV/SIV HAREGZ BWC, CDS Btk T Mila s 2413 %0)
B~ 18RRI 72 ) AR 7 A OV 2L FIEHNL 2 Ay 7 7%
E &7 LT 889 SHIV/SIV et VA XEF )V
28T 5 CD8 HiBEERIC X 2 7 DFEERIFEH] #9090 k¥
Bak— MBI AEHY A NVAREAEZ EORERED L
WHRAT 92 72 L OBERS & 5T, 2010 4R 13 HIV BN B3
B0 WA NEEMATARE SNBICES2P 2o
HECTHLAB DY/ 474 FEETH 722 &%, 1999
EORFEN % HLA-B*35 (2B 2 35 % 2 0L L%
PO EZBRTLMATH 7208, ZOHORKDFEH
i3, HIE O S & —F LT HLA-C B3 % %78 HIV #
HAHE L BRI 5 &) T & TH o7z R IcH
D ERNT D A ZEHRE R, PN HLA-C 7 ) VO LN
ViE~ A Z 1 RNA miR-148a/b HI#ETH v 9, HIV #
BUHNHKHE X AR L, & 5122 OBINE IS
% T C HIV IR 75 #E#R SR 3 % Vpu i3 HLA-C %3 %
BT SRS L L RMEN D, HLAC #uilk
T /NK MBI E DOBEZEESNA T4 SN TWD,
KIR (killer cell inhibitory immunoglobulin-like receptor)
HLA-C FE8l12 B 5 2 BEAEBO 722 2 R — MRAT #9215
EHEZTRHRELTETND,

NK filge & Bz ES 5 &, HIV flfEKE L 0—E
OO R S, KIR BIEFOIE—HEML Th
B A2 o700 251 NKAIMIZBWWT
b7 F U HEAE) =D S B T REMEARIE ST
B2 HIVERGRIZEICED XD ITHEICHCSNS
NEBROMEHPFEEI NS,

7y F B R T 5 SIV g VE FIVIZBWT
X, I— FENLPEEAEICE>TEY FIVATY —
CTL FHEI T & F > TR FEATE 72 5 1037100 = L g3
RN TBY, gBEzPliE 71 S Wgesy| &kt HD

(TANVA EE69%& 527,

MENTWE, TN —FRIZBELTE, £YVAVAD
VN= AT = AT 4 7 AENTHSHERE L 72 1990 4R A2 & HL
DHENITZTANVART =D, TETIEHL
WA NWANRT Z — LIS HEATE T A, HHFI RS
EFRISREEO—-DOTHLT A M AT ET T AR
(CMV) 1F, ¥z k3 2 THL. CMV I
F9 L UFEN) T ML & 1E HLA-E 72 EOIEHTAY (non-
classical) MHC 7 7 Z T |\Z#yo & 4 105100 e g e | = 5of

L CHkfery 22 THIRIDE DR SN 5720, EROBHIH
AT & 7z CMVIO) %2 xy & — & LT HW T HIV/SIV ©
PRz a— L, BEHRIRZFHMT 27 70— F 25, A 5
NTWB 18 CMV X2 & — i I SIV $ 54 55
B\, TT/ A NAENRT =L LTHWZRIZH G
B AR TIRF IR R M 2 R 9 109, F L 2o
BTHEOL P TICED L) ICHBESN TV IR TE
STV, CMV XY & —% 72 SIV A D
BIRIRAL, sea 7 BRYL R & B8 L Ic b s b
L) BUIREVHRSES TV B0 2% &
SIZHfEST A2, A AT a4 VAEED T A VA
o GIEFNNTOMESLE L B,

In vivo TH® 7 CTL 1%, Gag ZAF & L THEEIZHIK
Db HEHEIEN & AEADPEET S P, TNICH%
LT, CDSEEMET MBS DT A7 — 7%, 7 A )V Ak
THEBBEOM T (fitness cost) % KM HEMEDIEI X 0 15
e Twp WA Ty T 2 — 712 X % in vivo T
DREGMaOEINE, MFEREOKTIZX 5 TFHY AL
AEEDWL DL — FF 7R ED &) B i £
HIV/SIV RIEIC & 72 & 3 I3 LSRG O REEAYE 2 &
Na. T/F A NVAOBEBENTFRIZEDL S & v ik
ST A 198 SIVIEgH LV EF VT, [F{— MHCI
NT Oy A TREREPIZT 4V ADEIER ((Bi%) %
BRI IS O FZES LY, (RN AV A=
DN E T A ZFIEDHET 5 2 EATRENT W 5 #F1I4,
O EE HIV EGE O 3k — MMERITT T CTL = A 7 —
TORERELTW FER D 98 b MERICE - TRAIZ
HIDOEATH ek Z R R T HiER LW 5, i
12, TR =T EROERPZZIH O =T % de
novo THIET 2 &9 356, 18 FHEILE 256 L TH 2D
HIV SN ER L 2 55 — A FR ST p IO,

F7o, L L THREMISEIC L) HIV ERHEIEICE -
7o (I 4 Vv A 3 ¥ — ¥ <50/ml plasma C elite
controller & FFIEI, T Ah— MI XS TIEGE T D 1% K
THhb) Tk, "I IVAKRAEDOT v > v Vi tEiEn %
B X DL - KT LTV 57 — AAE0 5 FITAS g
GBI AT A VA W AFITH b3 A 19
2 MHC 7 5 2 1 #39i1% CD8 Bt T i o % ik 7T 3 120
HEOMALHHZ EHS, HIV D elite control 344 5
BRI R L > THAGEERDEEEL, A4 v AR
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B & I OBRIEII SIS S WTREIE R S LT

N

K9 CDA Btk T RIS 252 L Tid, MHC 27 9 A 11
TNV E OB E OB SN D BFEICE - 72 12,
RS T, in vivo TOT7 ) VOAFRIVEIZMHC 7 5 A 1
DO L) NENFIOEE (B2 ENEZIRTE %)) T
E <, EWNEBORILE (7 ) V2 fEOEN %
promiscuous (ZFE/RUAEDY) 12 & ) BE SN LRk % $
RLTEY, BIH»HT SN TS, KRR CDA BT
MRS E D5 B, MRaGEM Th (ki B T B i
TR RE 2 & D% 5 — CD4) &, IRREKAFETEIC
Y hRA VI T A IVAED llog BEDKT 2437 —
ARG SN2 HIV HIEOEABET L %> T b,
COENIEEHEET 2 F U BEHED B2 vt elite
controller (2817 % CD8 Bytkiiiaktiaatn 120 T4 L ol
EDOHIHEHTHEL LT DL ENE L, Bf~vru
77— Y O - RGP TH Y 12D o HIV/
SIV 550 THISE Mo 2 0% B sEPEL TS
boLEbhs, The—3 5T, HIV LW CDS
Btk TR &G~ 7 a7 7 — P OREBRIREIME L, Z
NDEIEBIL R B 2 & FRIBET SR O ROES LTV
2 126>.

ZO Xk E LT, 1990 4%~ 2000 4E
ARG B 7 RHT H3HE A 72 classical MHC (23R & 1 2 4552
1 CTL @ & & 7% 2 5 T-HEWS AT IZ L34 LT, non-
classical MHC I2#j &5 CTL ®°, NK ML, CD4
Bt T MBS B2 DWW T ORADNE E - 72D 7% 2010 A8
DB VWZ D, SHBENSE EIFH—INHH T & TY
7 F % E AR R E O i SIS AR EE T X 5 v d R
BNWEZAHATHAH. RIEMILEKIE, Va7 @SN
L9204 NV AFREEOEARE LY, TEY 2
T4 v 7 TP b RIS TV A 1D HIV &Y, %
72 FOBAEHIZBWT, FELZZRLD/Y — 2 #F1%)
EED L IR AATEBGZHHL T b IERIC
KT 75—k 259.

8. HIV/SIV BERIRED A A =T > F

HIV/SIV IZMERRICERET AT A NVATHY, FEN
BB DI IEE S T D — T TREGBR D in vivo W
LIZZF T ERS Tld e h o7z, EEDERNA X =D~
7 O 1292 K o T RPEMINL O B RE AR 22 [ 912 TRk
TELE)IT o722 IZHEDE, HIVIQEY L 225l
DENFEMATS T + — A A SN2 80 KiE iz, ) o8
i o HIV G 08812 £ 2 ROEG foci DHE L
FHESE FTY720 12 & 5 2O IR B E RIS L ) AE &
TWh., WHIRIESE ORI T 5L v 1 L A
PR THERTH D, KT e M~y 2A0WE % 154
W2 D THAEEVZ D, HEEOTFT, CD4 Bt
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T #lELC Nef Z 50 5B S 72T CoMiaiEEr (&
) YREIAR—I YY) OWEL B 2 LM STV 5.
ZDI3H, MEw Pk~ —H—%Hv 7Y 7L, PET
THRNBRELZ EETLFELEPRALNTVS 2. Zh
5%
EER RTINS SN b0 TH D (SR 130 ©
Mg A7 &)
CERBERICE DT ANV ABEANOFEOW RIS
(SCHk 132 DU T N v 77k &)
728, IEMNL - v A OV ADED in situ FEFEEM F 58 2
TARA=D VT NIRRT, L) —BEOREEHT D
HRIZEI) SOICHFCELEBERTHHLEELDL. — )
HIV &GN T A A — 2 7 Tld, IR GSEm
I L72 A AT — VO D3 Tldie b R & 4
JARY 133).

9. 518

AR, B, ERY, BRI, kR, Miaik
T e & DKM T LI HTAE O HIV ERERFZE O3 % %0 %
ERGTECHEBIL 72, %22 X< HIVAEME LAl
W2 LT THBR A FE o THIT 2 L) IZBOA, A/N—
LENZWT =V RIEEIIE» o7 LIIRKEHATH D,
—RWT BB B LT T =~ - FELL, TANVAD
FREICOEIMLIA A=V DBENT LD > TL DI
HIV RO TH ), HIV/SIV DL 2 EWFER
WREA L L 72D ThH L EER L. Sk, wWYRET IV
H - BBEBOBREIIEDOTAREEN - LR LEITIEC N
FCLULICERELR-TLETHA ). TN, &
A A= Y TIENGS WA KFIZ B LEE LA, 2D
T T AEMAZEF 2, KIO HIV B f##g 2 &
LEFINTLCELDEEZONS.

HEF

Az IR HBWALE LY A VAEOER
FHRmER (ENLEAENIERT - W), EARNE I
DETYWE RN KIETN OB H ) THLR L E
JET

FIZER DR

ARICBE L, FRd NS HRADORREIC & 5 2551
b EEA.



136

3)

4)

9)

10)

11)

12)

13)

SEW

Barré-Sinoussi F, Chermann JC, Rey F, Nugeyre MT,
Chamaret S, Gruest J, Dauguet C, Axler-Blin C, Vézi-
net-Brun F, Rouzioux C, Rozenbaum W, Montagnier L:
Isolation of a T-lymphotropic retrovirus from a
patient at risk for acquired immune deficiency syn-
drome (AIDS). Science. 220:868-871, 1983.

Adachi A, Gendelman HE, Koenig S, Folks T, Willey R,
Rabson A, Martin MA: Production of acquired immu-
nodeficiency syndrome-associated retrovirus in
human and nonhuman cells transfected with an infec-
tious molecular clone. J Virol. 59:284-291, 1986.
Sheehy AM, Gaddis NC, Choi JD, Malim MH. Isolation
of a human gene that inhibits HIV-1 infection and is
suppressed by the viral Vif protein. Nature. 418:646-
50, 2002.

Harris RS, Bishop KN, Sheehy AM, Craig HM, Peters-
en-Mahrt SK, Watt IN, Neuberger MS, Malim MH.
DNA deamination mediates innate immunity to retro-
viral infection. Cell. 113:803-9, 2003.

Stremlau M, Owens CM, Perron M]J, Kiessling M,
Autissier P, Sodroski J. The cytoplasmic body compo-
nent TRIMbalpha restricts HIV-1 infection in Old
World monkeys. Nature. 2004; 427:848-53.

Neil S], Zang T, Bieniasz PD. Tetherin inhibits retrovi-
rus release and is antagonized by HIV-1 Vpu. Nature.
2008; 451:425-30.

Laguette N, Sobhian B, Casartelli N, Ringeard M,
Chable-Bessia C, Ségéral E, Yatim A, Emiliani S,
Schwartz O, Benkirane M. SAMHDI is the dendritic-
and myeloid-cell-specific HIV-1 restriction factor
counteracted by Vpx. Nature. 2011; 474:654-7.

Usami Y, Wu Y, Gottlinger HG. SERINC3 and
SERINCS restrict HIV-1 infectivity and are counter-
acted by Nef. Nature. 526:218-23, 2015.

Rosa A, Chande A, Ziglio S, De Sanctis V, Bertorelli R,
Goh SL, McCauley SM, Nowosielska A, Antonarakis
SE, Luban J, Santoni FA, Pizzato M. HIV-1 Nef pro-
motes infection by excluding SERINCS from virion
incorporation. Nature. 526.212-7, 2015.

Tada T, Zhang Y, Koyama T, Tobiume M, Tsunetsugu-
Yokota Y, Yamaoka S, Fujita H, Tokunaga K. MARCH8
inhibits HIV-1 infection by reducing virion incorpora-
tion of envelope glycoproteins. Nat Med. 21:1502-7,
2015.

Miyakawa K, Matsunaga S, Yokoyama M, Nomaguchi
M, Kimura Y, Nishi M, Kimura H, Sato H, Hirano H,
Tamura T, Akari H, Miura T, Adachi A, Sawasaki T,
Yamamoto N, Ryo A. PIM kinases facilitate lentiviral
evasion from SAMHDI restriction via Vpx phosphory-
lation. Nat Commun. 10:1844, 2019.

Takeuchi H, Saito H, Noda T, Miyamoto T, Yoshinaga
T, Terahara K, Ishii H, Tsunetsugu-Yokota Y, Yamaoka
S. Phosphorylation of the HIV-1 capsid by MELK trig-
gers uncoating to promote viral cDNA synthesis.
PLoS Pathog. 13:¢1006441, 2017.

Stacey AR, Norris PJ, Qin L, Haygreen EA, Taylor E,
Heitman J, Lebedeva M, DeCamp A, Li D, Grove D,

14)

15)

16)

17)

18)

19)

20)

21)

22)

(WA NVA #69%

Self SG, Borrow P: Induction of a striking systemic
cytokine cascade prior to peak viremia in acute
human immunodeficiency virus type 1 infection, in
contrast to more modest and delayed responses in
acute hepatitis B and C virus infections. J Virol.
83:3719-3733, 2009.

Schindler M, Munch J, Kutsch O, Li H, Santiago ML,
Bibollet-Ruche F, Muller-Trutwin MC, Novembre FJ,
Peeters M, Courgnaud V, Bailes E, Roques P, Sodora
DL, Silvestri G, Sharp PM, Hahn BH, Kirchhoff F. Nef-
mediated suppression of T cell activation was lost in a
lentiviral lineage that gave rise to HIV-1. Cell. 125:
1055-67, 2006.

Rasaiyaah J, Tan CP, Fletcher AJ, Price AJ, Blondeau
C, Hilditch L, Jacques DA, Selwood DL, James LC,
Noursadeghi M, Towers GJ: HIV-1 evades innate
immune recognition through specific cofactor recruit-
ment. Nature. 503:402-405, 2013.

Sandler NG, Bosinger SE, Estes JD, Zhu RT, Tharp
GK, Boritz E, Levin D, Wijeyesinghe S, Makamdop
KN, del Prete GQ, Hill BJ, Timmer JK, Reiss E, Yarden
G, Darko S, Contijoch E, Todd JP, Silvestri G, Nason
M, Norgren RB Jr, Keele BE, Rao S, Langer JA, Lifson
JD, Schreiber G, Douek DC: Type I interferon
responses in rhesus macaques prevent SIV infection
and slow disease progression. Nature. 511:601-605,
2014.

Yamada E, Nakaoka S, Klein L, Reith E, Langer S,
Hopfensperger K, Iwami S, Schreiber G, Kirchhoff F,
Koyanagi Y, Sauter D, Sato K. Human-Specific Adap-
tations in Vpu Conferring Anti-tetherin Activity Are
Critical for Efficient Early HIV-1 Replication In Vivo.
Cell Host Microbe. 23:110-120, 2018.

Kamada K, Igarashi T, Martin MA, Khamsri B,
Hatcho K, Yamashita T, Fujita M, Uchiyama T, Adachi
A: Generation of HIV-1 derivatives that productively
infect macaque monkey lymphoid cells. Proc Natl
Acad Sci U S A. 103:16959-16964, 2006.

Hatziioannou T, Ambrose Z, Chung NP, Piatak M ]Jr,
Yuan F, Trubey CM, Coalter V, Kiser R, Schneider D,
Smedley J, Pung R, Gathuka M, Estes ]JD, Veazey RS,
KewalRamani VN, Lifson JD, Bieniasz PD. A macaque
model of HIV-1 infection. Proc Natl Acad Sci U S A.
106:4425-9, 2009.

Alkhatib G, Combadiere C, Broder CC, Feng Y, Kenne-
dy PE, Murphy PM, Berger EA: CC CKR5: a RANTES,
MIP-1alpha, MIP-1beta receptor as a fusion cofactor
for macrophage-tropic HIV-1. Science. 272:1955-1958,
1996.

Deng H, Liu R, Ellmeier W, Choe S, Unutmaz D, Bur-
khart M, Di Marzio P, Marmon S, Sutton RE, Hill CM,
Davis CB, Peiper SC, Schall TJ, Littman DR, Landau
NR. Identification of a major co-receptor for primary
isolates of HIV-1. Nature. 381:661-6, 1996.

Dragic T, Litwin V, Allaway GP, Martin SR, Huang Y,
Nagashima KA, Cayanan C, Maddon PJ, Koup RA,
Moore JP, Paxton WA: HIV-1 entry into CD4+ cells is
mediated by the chemokine receptor CC-CKR-5.
Nature. 381:667-673, 1996.

$2%,



pp.129-144, 2019)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

Liu R, Paxton WA, Choe S, Ceradini D, Martin SR,
Horuk R, MacDonald ME, Stuhlmann H, Koup RA,
Landau NR: Homozygous defect in HIV-1 coreceptor
accounts for resistance of some multiply-exposed indi-
viduals to HIV-1 infection. Cell. 86:367-377, 1996.
Samson M, Libert F, Doranz B], Rucker J, Liesnard C,
Farber CM, Saragosti S, Lapoumeroulie C, Cognaux J,
Forceille C, Muyldermans G, Verhofstede C, Burton-
boy G, Georges M, Imai T, Rana S, Yi Y, Smyth R], Col-
Iman RG, Doms RW, Vassart G, Parmentier M. Resis-
tance to HIV-1 infection in caucasian individuals bear-
ing mutant alleles of the CCR-5 chemokine receptor
gene. Nature. 382:722-5, 1996.

Alonzo F 3rd, Kozhaya L, Rawlings SA, Reyes-Robles
T, DuMont AL, Myszka DG, Landau NR, Unutmaz D,
Torres VJ. CCR5 is a receptor for Staphylococcus
aureus leukotoxin ED. Nature. 493:51-55, 2013.

Martin MP, Dean M, Smith MW, Winkler C, Gerrard B,
Michael NL, Lee B, Doms RW, Margolick J, Buchbind-
er S, Goedert JJ, O'Brien TR, Hilgartner MW, Vlahov
D, O'Brien SJ, Carrington M. Genetic acceleration of
AIDS progression by a promoter variant of CCRb. Sci-
ence. 282:1907-11, 1998.

Gervaix A, Nicolas J, Portales P, Posfay-Barbe K,
Wyler CA, Segondy M, Avinens O, Siegrist CA, Clot J,
Eliaou JE, Astruc J, Corbeau P. Response to treatment
and disease progression linked to CD4+ T cell surface
CC chemokine receptor 5 density in human immuno-
deficiency virus type 1 vertical infection. J Infect Dis.
185:1055-61, 2002.

Kulkarni S, Lied A, Kulkarni V, Rucevic M, Martin MP,
Walker-Sperling V, Anderson SK, Ewy R, Singh S,
Nguyen H, McLaren PJ, Viard M, Naranbhai V, Zou C,
Lin Z, Gatanaga H, Oka S, Takiguchi M, Thio CL, Mar-
golick J, Kirk GD, Goedert JJ, Hoots WK, Deeks SG,
Haas DW, Michael N, Walker B, Le Gall S, Chowdhury
FZ, Yu XG, Carrington M: CCR5AS IncRNA variation
differentially regulates CCR5, influencing HIV disease
outcome. Nat Immunol. 20:824-834, 2019.

Autran B, Carcelain G, Li TS, Blanc C, Mathez D,
Tubiana R, Katlama C, Debré P, Leibowitch J: Positive
effects of combined antiretroviral therapy on CD4+ T
cell homeostasis and function in advanced HIV dis-
ease. Science. 277:112-116, 1997.

Oxenius A, Price DA, Gunthard HF, Dawson SJ,
Fagard C, Perrin L, Fischer M, Weber R, Plana M,
Garcia F, Hirschel B, McLean A, Phillips RE. Stimula-
tion of HIV-specific cellular immunity by structured
treatment interruption fails to enhance viral control in
chronic HIV infection. Proc Natl Acad Sci U S A.
99:13747-52, 2002.

Kubo M, Nishimura Y, Shingai M, Lee W, Brenchley ],
Lafont B, Buckler-White A, Igarashi T, Martin MA:
Initiation of antiretroviral therapy 48 hours after
infection with simian immunodeficiency virus potent-
ly suppresses acute-phase viremia and blocks the
massive loss of memory CD4+ T cells but fails to pre-
vent disease. ] Virol. 83:7099-7108, 2009.

Whitney JB, Hill AL, Sanisetty S, Penaloza-MacMas-

33)

34)

35)

36)

37)

38)

39)

40)

137

ter P, Liu J, Shetty M, Parenteau L, Cabral C, Shields
J, Blackmore S, Smith JY, Brinkman AL, Peter LE,
Mathew SI, Smith KM, Borducchi EN, Rosenbloom
DI, Lewis MG, Hattersley J, Li B, Hesselgesser J,
Geleziunas R, Robb ML, Kim JH, Michael NL, Barouch
DH: Rapid seeding of the viral reservoir prior to SIV
viraemia in rhesus monkeys. Nature. 512:74-77, 2014.
Ho DD. Time to hit HIV, early and hard. N Engl ] Med
333:450-1, 1995.

Boritz EA, Darko S, Swaszek L, Wolf G, Wells D, Wu X,
Henry AR, Laboune E, Hu ], Ambrozak D, Hughes MS,
Hoh R, Casazza JP, Vostal A, Bunis D, Nganou-Maka-
mdop K, Lee JS, Migueles SA, Koup RA, Connors M,
Moir S, Schacker T, Maldarelli F, Hughes SH, Deeks
SG, Douek DC: Multiple Origins of Virus Persistence
during Natural Control of HIV Infection. Cell.
166:1004-1015, 2016.

Nomura T, Yamamoto H, Ishii H, Akari H, Naruse TK,
Kimura A, Matano T: Broadening of Virus-Specific
CD8+ T-Cell Responses Is Indicative of Residual Viral
Replication in Aviremic SIV Controllers. PLoS Pathog.
11:21005247, 2015.

Cohn LB, Silva IT, Oliveira TY, Rosales RA, Parrish
EH, Learn GH, Hahn BH, Czartoski JL, McElrath M],
Lehmann C, Klein F, Caskey M, Walker BD, Siliciano
JD, Siliciano RE, Jankovic M, Nussenzweig MC. HIV-1
integration landscape during latent and active infec-
tion. Cell. 160:420-32, 2015.

Recher M, Lang KS, Navarini A, Hunziker L, Lang PA,
Fink K, Freigang S, Georgiev P, Hangartner L, Zellwe-
ger R, Bergthaler A, Hegazy AN, Eschli B, Theocha-
rides A, Jeker LT, Merkler D, Odermatt B, Hersberger
M, Hengartner H, Zinkernagel RM: Extralymphatic
virus sanctuaries as a consequence of potent T-cell
activation. Nat Med. 13:1316-1323, 2007.

Fukazawa Y, Lum R, Okoye AA, Park H, Matsuda K,
Bae JY, Hagen SI, Shoemaker R, Deleage C, Lucero C,
Morcock D, Swanson T, Legasse AW, Axthelm MK,
Hesselgesser ], Geleziunas R, Hirsch VM, Edlefsen PT,
Piatak M Jr, Estes JD, Lifson JD, Picker L]: B cell folli-
cle sanctuary permits persistent productive simian
immunodeficiency virus infection in elite controllers.
Nat Med. 21:132-139, 2015.

Ferrando-Martinez S, Moysi E, Pegu A, Andrews S,
Nganou Makamdop K, Ambrozak D, McDermott AB,
Palesch D, Paiardini M, Pavlakis GN, Brenchley JM,
Douek D, Mascola JR, Petrovas C, Koup RA: Accumu-
lation of follicular CD8+ T cells in pathogenic SIV
infection. J Clin Invest. 128:2089-2103, 2018.
Saez-Cirion A, Bacchus C, Hocqueloux L, Avettand-
Fenoel V, Girault I, Lecuroux C, Potard V, Versmisse P,
Melard A, Prazuck T, Descours B, Guergnon J, Viard
JP, Boufassa F, Lambotte O, Goujard C, Meyer L,
Costagliola D, Venet A, Pancino G, Autran B, Rouzioux
C; ANRS VISCONTTI Study Group: ost-treatment
HIV-1 controllers with a long-term virological remis-
sion after the interruption of early initiated antiretro-
viral therapy ANRS VISCONTI Study. PLoS Pathog.
9:1003211, 2013.



138

41)

42)

43)

44)

45)

46)

47)

48)

Sharaf R, Lee GQ, Sun X, Etemad B, Aboukhater LM,
Hu Z, Brumme ZL, Aga E, Bosch R], Wen Y, Namazi G,
Gao C, Acosta EP, Gandhi RT, Jacobson JM, Skiest D,
Margolis DM, Mitsuyasu R, Volberding P, Connick E,
Kuritzkes DR, Lederman MM, Yu XG, Lichterfeld M,
Li JZ. HIV-1 proviral landscapes distinguish posttreat-
ment controllers from noncontrollers. J Clin Invest.
128:4074-4085, 2018.

Gao F, Morrison SG, Robertson DL, Thornton CL,
Craig S, Karlsson G, Sodroski J, Morgado M, Galvao-
Castro B, von Briesen H, Beddows S, Weber J, Sharp
PM, Shaw GM, Hahn BH: Molecular cloning and anal-
ysis of functional envelope genes from human immu-
nodeficiency virus type 1 sequence subtypes A
through G. The WHO and NIAID Networks for HIV
Isolation and Characterization. J Virol. 70:1651-1667,
1996.

Landais E, Huang X, Havenar-Daughton C, Murrell B,
Price MA, Wickramasinghe L, Ramos A, Bian CB,
Simek M, Allen S, Karita E, Kilembe W, Lakhi S,
Inambao M, Kamali A, Sanders EJ, Anzala O, Edward
V, Bekker LG, Tang J, Gilmour J, Kosakovsky-Pond SL,
Phung P, Wrin T, Crotty S, Godzik A, Poignard P.
Broadly Neutralizing Antibody Responses in a Large
Longitudinal Sub-Saharan HIV Primary Infection
Cohort. PLoS Pathog. 12:¢1005369, 2016.

Burton DR, Pyati J, Koduri R, Sharp SJ, Thornton GB,
Parren PW, Sawyer LS, Hendry RM, Dunlop N, Nara
PL, Lamacchia M, Garratty E, Stiehm ER, Bryson Y],
Cao Y, Moore JP, Ho DD, Barbas CF 3rd: Efficient neu-
tralization of primary isolates of HIV-1 by a recombi-
nant human monoclonal antibody. Science. 266:1024-
1027, 1994.

Tiller T, Meffre E, Yurasov S, Tsuiji M, Nussenzweig
MC, Wardemann H. Efficient generation of monoclo-
nal antibodies from single human B cells by single cell
RT-PCR and expression vector cloning. J Immunol
Methods. 329:112-24, 2008.

Doria-Rose NA, Schramm CA, Gorman J, Moore PL,
Bhiman JN, DeKosky BJ, Ernandes M], Georgiev IS,
Kim HJ, Pancera M, Staupe RP, Altae-Tran HR, Bailer
RT, Crooks ET, Cupo A, Druz A, Garrett NJ, Hoi KH,
Kong R, Louder MK, Longo NS, McKee K, Nonyane
M, O'Dell S, Roark RS, Rudicell RS, Schmidt SD,
Sheward DJ, Soto C, Wibmer CK, Yang Y, Zhang Z;
NISC Comparative Sequencing Program, Mullikin JC,
Binley JM, Sanders RW, Wilson IA, Moore JP, Ward
AB, Georgiou G, Williamson C, Abdool Karim SS,
Morris L, Kwong PD, Shapiro L, Mascola JR: Develop-
mental pathway for potent V1V2-directed HIV-neu-
tralizing antibodies. Nature. 509:55-62, 2014.

Sok D, Le KM, Vadnais M, Saye-Francisco KL, Jardine
JG, Torres JL, Berndsen ZT, Kong L, Stanfield R, Ruiz
J, Ramos A, Liang CH, Chen PL, Criscitiello MF,
Mwangi W, Wilson IA, Ward AB, Smider VV, Burton
DR: Rapid elicitation of broadly neutralizing antibod-
ies to HIV by immunization in cows. Nature. 548:108-
111, 2017.

Zhou T, Lynch RM, Chen L, Acharya P, Wu X, Doria-

49)

50)

51)

52)

53)

(WA NVA #69%

Rose NA, Joyce MG, Lingwood D, Soto C, Bailer RT,
Ernandes M]J, Kong R, Longo NS, Louder MK, McKee
K, O'Dell S, Schmidt SD, Tran L, Yang Z, Druz A,
Luongo TS, Moquin S, Srivatsan S, Yang Y, Zhang B,
Zheng A, Pancera M, Kirys T, Georgiev IS, Gindin T,
Peng HP, Yang AS; NISC Comparative Sequencing
Program, Mullikin JC, Gray MD, Stamatatos L, Burton
DR, Koff WC, Cohen MS, Haynes BF, Casazza JP, Con-
nors M, Corti D, Lanzavecchia A, Sattentau QJ, Weiss
RA, West AP Jr, Bjorkman PJ, Scheid JE, Nussenzweig
MC, Shapiro L, Mascola JR, Kwong PD. Structural
Repertoire of HIV-1-Neutralizing Antibodies Target-
ing the CD4 Supersite in 14 Donors. Cell. 161:1280-92,
2015.

Krebs SJ, Kwon YD, Schramm CA, Law WH, Donofrio
G, Zhou KH, Gift S, Dussupt V, Georgiev IS, Schatzle
S, McDaniel JR, Lai YT, Sastry M, Zhang B, Jarosinski
MC, Ransier A, Chenine AL, Asokan M, Bailer RT,
Bose M, Cagigi A, Cale EM, Chuang GY, Darko S,
Driscoll JI, Druz A, Gorman J, Laboune F, Louder MK,
McKee K, Mendez L, Moody MA, O'Sullivan AM,
Owen C, Peng D, Rawi R, Sanders-Buell E, Shen CH,
Shiakolas AR, Stephens T, Tsybovsky Y, Tucker C,
Verardi R, Wang K, Zhou J, Zhou T, Georgiou G, Alam
SM, Haynes BF, Rolland M, Matyas GR, Polonis VR,
McDermott AB, Douek DC, Shapiro L, Tovanabutra S,
Michael NL, Mascola JR, Robb ML, Kwong PD, Doria-
Rose NA. Longitudinal Analysis Reveals Early Devel-
opment of Three MPER-Directed Neutralizing Anti-
body Lineages from an HIV-1-Infected Individual.
Immunity. 50:677-691.e13, 2019.

Escolano A, Steichen JM, Dosenovic P, Kulp DW, Goli-
janin J, Sok D, Freund NT, Gitlin AD, Oliveira T, Araki
T, Lowe S, Chen ST, Heinemann J, Yao KH, Georgeson
E, Saye-Francisco KL, Gazumyan A, Adachi Y, Kubitz
M, Burton DR, Schief WR, Nussenzweig MC. Sequen-
tial Immunization Elicits Broadly Neutralizing Anti-
HIV-1 Antibodies in Ig Knockin Mice. Cell. 166:1445-
1458.e12, 2016.

Rusert P, Kouyos RD, Kadelka C, Ebner H, Schanz M,
Huber M, Braun DL, Hozé N, Scherrer A, Magnus C,
Weber J, Uhr T, Cippa V, Thorball CW, Kuster H,
Cavassini M, Bernasconi E, Hoffmann M, Calmy A,
Battegay M, Rauch A, Yerly S, Aubert V, Klimkait T,
Boni J, Fellay ], Regoes RR, Gunthard HEF, Trkola A;
Swiss HIV Cohort Study: Determinants of HIV-1
broadly neutralizing antibody induction. Nat Med.
22:1260-1267, 2016.

Moody MA, Pedroza-Pacheco I, Vandergrift NA, Chui
C, Lloyd KE, Parks R, Soderberg KA, Ogbe AT, Cohen
MS, Liao HX, Gao F, McMichael AJ, Montefiori DC,
Verkoczy L, Kelsoe G, Huang J, Shea PR, Connors M,
Borrow P, Haynes BF. Immune perturbations in HIV-
l-infected individuals who make broadly neutralizing
antibodies. Sci Immunol. 1:aag0851, 2016.

Haynes BF, Fleming J, St Clair EW, Katinger H,
Stiegler G, Kunert R, Robinson ], Scearce RM, Plonk
K, Staats HE Ortel TL, Liao HX, Alam SM. Cardiolip-
in polyspecific autoreactivity in two broadly neutraliz-

$2%,



pp.129-144, 2019)

54)

55)

56)

57)

58)

59)

60)

61)

ing HIV-1 antibodies. Science. 308:1906-8, 2005.
Bonsignori M, Wiehe K, Grimm SK, Lynch R, Yang G,
Kozink DM, Perrin F, Cooper AJ, Hwang KK, Chen X,
Liu M, McKee K, Parks RJ, Eudailey J, Wang M,
Clowse M, Criscione-Schreiber LG, Moody MA, Ack-
erman ME, Boyd SD, Gao F, Kelsoe G, Verkoczy L,
Tomaras GD, Liao HX, Kepler TB, Montefiori DC,
Mascola JR, Haynes BF. An autoreactive antibody
from an SLE/HIV-1 individual broadly neutralizes
HIV-1. J Clin Invest. 124:1835-1843, 2014.

Williams WB, Liao HX, Moody MA, Kepler TB, Alam
SM, Gao F, Wiehe K, Trama AM, Jones K, Zhang R,
Song H, Marshall DJ, Whitesides JE, Sawatzki K, Hua
A, Liu P, Tay MZ, Seaton KE, Shen X, Foulger A, Lloyd
KE, Parks R, Pollara J, Ferrari G, Yu JS, Vandergrift N,
Montefiori DC, Sobieszczyk ME, Hammer S, Karuna
S, Gilbert P, Grove D, Grunenberg N, McElrath M],
Mascola JR, Koup RA, Corey L, Nabel GJ, Morgan C,
Churchyard G, Maenza J, Keefer M, Graham BS,
Baden LR, Tomaras GD, Haynes BF. HIV-1 VAC-
CINES. Diversion of HIV-1 vaccine-induced immunity
by gp41-microbiota cross-reactive antibodies. Science.
349:aab1253, 2015.

Goo L, Chohan V, Nduati R, Overbaugh J. Early devel-
opment of broadly neutralizing antibodies in HIV-1-in-
fected infants. Nat Med. 20:655-658, 2014.

Moore PL, Gray ES, Wibmer CK, Bhiman JN, Nonyane
M, Sheward DJ, Hermanus T, Bajimaya S, Tumba NL,
Abrahams MR, Lambson BE, Ranchobe N, Ping L,
Ngandu N, Abdool Karim Q, Abdool Karim SS,
Swanstrom RI, Seaman MS, Williamson C, Morris L:
Evolution of an HIV glycan-dependent broadly neu-
tralizing antibody epitope through immune escape.
Nat Med. 18:1688-1692, 2012.

Bradley T, Peppa D, Pedroza-Pacheco I, Li D, Cain
DW, Henao R, Venkat V, Hora B, Chen Y, Vandergrift
NA, Overman RG, Edwards RW, Woods CW, Tomaras
GD, Ferrari G, Ginsburg GS, Connors M, Cohen MS,
Moody MA, Borrow P, Haynes BF. RAB11FIP5
Expression and Altered Natural Killer Cell Function
Are Associated with Induction of HIV Broadly Neu-
tralizing Antibody Responses. Cell. 175:387-399.e17,
2018.

Battegay M, Moskophidis D, Waldner H, Brundler
MA, Fung-Leung WP, Mak TW, Hengartner H, Zinker-
nagel RM: Impairment and delay of neutralizing anti-
viral antibody responses by virus-specific cytotoxic T
cells. ] Immunol. 151:5408-15, 1993.

Li S, Rouphael N, Duraisingham S, Romero-Steiner S,
Presnell S, Davis C, Schmidt DS, Johnson SE, Milton
A, Rajam G, Kasturi S, Carlone GM, Quinn C, Chauss-
abel D, Palucka AK, Mulligan MJ, Ahmed R, Stephens
DS, Nakaya HI, Pulendran B: Molecular signatures of
antibody responses derived from a systems biology
study of five human vaccines. Nat Immunol. 15:195-
204, 2014.

Pasqualucci L, Guglielmino R, Houldsworth J, Mohr J,
Aoufouchi S, Polakiewicz R, Chaganti RS, Dalla-Fave-
ra R. Expression of the AID protein in normal and

62)

63)

64)

65)

66)

67)

63)

69)

70)

71)

139

neoplastic B cells. Blood. 104:3318-25, 2004.

Perreau M, Savoye AL, De Crignis E, Corpataux JM,
Cubas R, Haddad EK, De Leval L, Graziosi C, Pantaleo
G: Follicular helper T cells serve as the major CD4 T
cell compartment for HIV-1 infection, replication, and
production. J Exp Med. 210:143-156, 2013.

Moukambi F, Rabezanahary H, Rodrigues V, Racine G,
Robitaille L, Krust B, Andreani G, Soundaramourty C,
Silvestre R, Laforge M, Estaquier J: Early Loss of
Splenic Tfh Cells in SIV-Infected Rhesus Macaques.
PLoS Pathog. 11:1005287, 2015.

Lindgvist M, van Lunzen ], Soghoian DZ, Kuhl BD,
Ranasinghe S, Kranias G, Flanders MD, Cutler S,
Yudanin N, Muller MI, Davis I, Farber D, Hartjen P,
Haag F, Alter G, Schulze zur Wiesch ], Streeck H:
Expansion of HIV-specific T follicular helper cells in
chronic HIV infection. J Clin Invest. 122:3271-3280,
2012.

Petrovas C, Yamamoto T, Gerner MY, Boswell KL,
Wloka K, Smith EC, Ambrozak DR, Sandler NG, Tim-
mer KJ, Sun X, Pan L, Poholek A, Rao SS, Brenchley
JM, Alam SM, Tomaras GD, Roederer M, Douek DC,
Seder RA, Germain RN, Haddad EK, Koup RA: CD4 T
follicular helper cell dynamics during SIV infection. J
Clin Invest. 122:3281-3294, 2012.

Cubas RA, Mudd JC, Savoye AL, Perreau M, van
Grevenynghe ], Metcalf T, Connick E, Meditz A, Free-
man GJ, Abesada-Terk G Jr, Jacobson JM, Brooks AD,
Crotty S, Estes JD, Pantaleo G, Lederman MM, Had-
dad EK. Inadequate T follicular cell help impairs B cell
immunity during HIV infection. Nat Med. 19:494-9,
2013.

Locci M, Havenar-Daughton C, Landais E, Wu ],
Kroenke MA, Arlehamn CL, Su LE, Cubas R, Davis
MM, Sette A, Haddad EK; International AIDS Vaccine
Initiative Protocol C Principal Investigators, Poignard
P, Crotty S. Human circulating PD-1+CXCR3-
CXCR5+ memory Tfh cells are highly functional and
correlate with broadly neutralizing HIV antibody
responses. Immunity. 39:758-69, 2013.

Cohen K, Altfeld M, Alter G, Stamatatos L. Early pres-
ervation of CXCR5+ PD-1+ helper T cells and B cell
activation predict the breadth of neutralizing antibody
responses in chronic HIV-1 infection. J Virol.
88:13310-21, 2014.

Yamamoto T, Lynch RM, Gautam R, Matus-Nicodem-
os R, Schmidt SD, Boswell KL, Darko S, Wong P,
Sheng Z, Petrovas C, McDermott AB, Seder RA, Keele
BE, Shapiro L, Douek DC, Nishimura Y, Mascola JR,
Martin MA, Koup RA. Quality and quantity of TFH
cells are critical for broad antibody development in
SHIVADS infection. Sci Transl Med. 7: 298ral120, 2015.
Perelson AS, Essunger P, Cao Y, Vesanen M, Hurley A,
Saksela K, Markowitz M, Ho DD. Decay characteris-
tics of HIV-1-infected compartments during combina-
tion therapy. Nature. 387.188-91, 1997.
Halper-Stromberg A, Lu CL, Klein F, Horwitz JA,
Bournazos S, Nogueira L, Eisenreich TR, Liu C, Gazu-
myan A, Schaefer U, Furze RC, Seaman MS, Prinjha



140

72)

73)

74)

75)

76)

77)

78)

R, Tarakhovsky A, Ravetch JV, Nussenzweig MC.
Broadly neutralizing antibodies and viral inducers
decrease rebound from HIV-1 latent reservoirs in
humanized mice. Cell. 158:989-999, 2014.

Keele BE, Giorgi EE, Salazar-Gonzalez JF, Decker JM,
Pham KT, Salazar MG, Sun C, Grayson T, Wang S, Li
H, Wei X, Jiang C, Kirchherr JL, Gao F, Anderson JA,
Ping LH, Swanstrom R, Tomaras GD, Blattner WA,
Goepfert PA, Kilby JM, Saag MS, Delwart EL, Busch
MP, Cohen MS, Montefiori DC, Haynes BE, Gaschen
B, Athreya GS, Lee HY, Wood N, Seoighe C, Perelson
AS, Bhattacharya T, Korber BT, Hahn BH, Shaw GM.
Identification and characterization of transmitted and
early founder virus envelopes in primary HIV-1 infec-
tion. Proc Natl Acad Sci U S A. 105:7552-7, 2008.
O'Brien SP, Swanstrom AE, Pegu A, Ko SY, Immonen
TT, Del Prete GQ, Fennessey CM, Gorman J, Foulds
KE, Schmidt SD, Doria-Rose N, Williamson C, Hatzi-
ioannou T, Bieniasz PD, Li H, Shaw GM, Mascola JR,
Koup RA, Kwong PD, Lifson JD, Roederer M, Keele
BE. Rational design and in vivo selection of SHIVs
encoding transmitted/founder subtype C HIV-1 enve-
lopes. PLoS Pathog. 15: 1007632, 2019.

Shingai M, Donau OK, Schmidt SD, Gautam R, Plish-
ka RJ, Buckler-White A, Sadjadpour R, Lee WR,
LaBranche CC, Montefiori DC, Mascola JR, Nishimu-
ra Y, Martin MA: Most rhesus macaques infected with
the CCR5-tropic SHIV(ADS) generate cross-reactive
antibodies that neutralize multiple HIV-1 strains. Proc
Natl Acad Sci U S A. 109:19769-19774, 2012.

Francica JR, Sheng Z, Zhang Z, Nishimura Y, Shingai
M, Ramesh A, Keele BE, Schmidt SD, Flynn B]J, Darko
S, Lynch RM, Yamamoto T, Matus-Nicodemos R,
Wolinsky D; NISC Comparative Sequencing Program,
Nason M, Valiante NM, Malyala P, De Gregorio E, Bar-
nett SW, Singh M, O'Hagan DT, Koup RA, Mascola JR,
Martin MA, Kepler TB, Douek DC, Shapiro L, Seder
RA. Analysis of immunoglobulin transcripts and
hypermutation following SHIV(ADS) infection and
protein-plus-adjuvant immunization. Nat Commun.
6:6565, 2015.

Shingai M, Nishimura Y, Klein F, Mouquet H, Donau
OK, Plishka R, Buckler-White A, Seaman M, Piatak M
Jr, Lifson JD, Dimitrov DS, Nussenzweig MC, Martin
MA: Antibody-mediated immunotherapy of macaques
chronically infected with SHIV suppresses viraemia.
Nature. 503:277-280, 2013.

Barouch DH, Whitney JB, Moldt B, Klein F, Oliveira
TY, Liu J, Stephenson KE, Chang HW, Shekhar K,
Gupta S, Nkolola JP, Seaman MS, Smith KM, Borduc-
chi EN, Cabral C, Smith JY, Blackmore S, Sanisetty S,
Perry JR, Beck M, Lewis MG, Rinaldi W, Chakraborty
AK, Poignard P, Nussenzweig MC, Burton DR: Thera-
peutic efficacy of potent neutralizing HIV-1-specific
monoclonal antibodies in SHIV-infected rhesus mon-
keys. Nature. 503:224-228, 2013.

Hessell AJ, Jaworski JP, Epson E, Matsuda K, Pandey
S, Kahl C, Reed J, Sutton WE, Hammond KB, Cheever
TA, Barnette PT, Legasse AW, Planer S, Stanton ]]J,

79)

80)

81)

82)

83)

84)

85)

(WA NVA #69%

Pegu A, Chen X, Wang K, Siess D, Burke D, Park BS,
Axthelm MK, Lewis A, Hirsch VM, Graham BS, Masc-
ola JR, Sacha ]JB, Haigwood NL: Early short-term
treatment with neutralizing human monoclonal anti-
bodies halts SHIV infection in infant macaques. Nat
Med. 22:362-368, 2016.

Hansen SG, Piatak M Jr, Ventura AB, Hughes CM, Gil-
bride RM, Ford JC, Oswald K, Shoemaker R, L1 Y,
Lewis MS, Gilliam AN, Xu G, Whizin N, Burwitz B]J,
Planer SL, Turner JM, Legasse AW, Axthelm MK, Nel-
son JA, Fruh K, Sacha ]JB, Estes JD, Keele BE Edlef-
sen PT, Lifson JD, Picker L]: Immune clearance of
highly pathogenic SIV infection. Nature. 502:100-104,
2013.

Xu L, Pegu A, Rao E, Doria-Rose N, Beninga ], McKee
K, Lord DM, Wei RR, Deng G, Louder M, Schmidt SD,
Mankoff Z, Wu L, Asokan M, Beil C, Lange C, Leus-
chner WD, Kruip J, Sendak R, Kwon YD, Zhou T, Chen
X, Bailer RT, Wang K, Choe M, Tartaglia L], Barouch
DH, O'Dell S, Todd JP, Burton DR, Roederer M, Con-
nors M, Koup RA, Kwong PD, Yang ZY, Mascola JR,
Nabel GJ. Trispecific broadly neutralizing HIV anti-
bodies mediate potent SHIV protection in macaques.
Science. 358:85-90, 2017.

Ko SY, Pegu A, Rudicell RS, Yang ZY, Joyce MG, Chen
X, Wang K, Bao S, Kraemer TD, Rath T, Zeng M,
Schmidt SD, Todd JP, Penzak SR, Saunders KO, Nason
MC, Haase AT, Rao SS, Blumberg RS, Mascola JR,
Nabel GJ. Enhanced neonatal Fc receptor function
improves protection against primate SHIV infection.
Nature. 514:642-5, 2014.

Iseda S, Takahashi N, Poplimont H, Nomura T, Seki S,
Nakane T, Nakamura M, Shi S, Ishii H, Furukawa S,
Harada S, Naruse TK, Kimura A, Matano T, Yamamo-
to H: Biphasic CD8+ T-Cell Defense in Simian Immu-
nodeficiency Virus Control by Acute-Phase Passive
Neutralizing Antibody Immunization. ] Virol. 90.6276-
6290, 2016.

Yamamoto H, Iseda S, Nakane T, Nomura T, Taka-
hashi N, Seki S, Nakamura M, Ishii H, Matano T: Aug-
mentation of anti-simian immunodeficiency virus
activity in CD8+ cells by neutralizing but not nonneu-
tralizing antibodies in the acute phase. AIDS. 30:2391-
2394, 2016.

Nishimura Y, Gautam R, Chun TW, Sadjadpour R,
Foulds KE, Shingai M, Klein F, Gazumyan A, Golijanin
J, Donaldson M, Donau OK, Plishka RJ, Buckler-White
A, Seaman MS, Lifson JD, Koup RA, Fauci AS, Nus-
senzweig MC, Martin MA: Early antibody therapy can
induce long-lasting immunity to SHIV. Nature.
543:559-563, 2017.

Bolton DL, Pegu A, Wang K, McGinnis K, Nason M,
Foulds K, Letukas V, Schmidt SD, Chen X, Todd JP,
Lifson JD, Rao S, Michael NL, Robb ML, Mascola JR,
Koup RA. Human Immunodeficiency Virus Type 1
Monoclonal Antibodies Suppress Acute Simian-
Human Immunodeficiency Virus Viremia and Limit
Seeding of Cell-Associated Viral Reservoirs. ] Virol.
90:1321-32, 2015.

$2%,



pp.129-144, 2019)

86)

87)

83)

89)

90)

91)

92)

93)

Matsushita S, Yoshimura K, Ramirez KP, Pisupati J,
Murakami T; KD-1002 Study Group. Passive transfer
of neutralizing mAb KD-247 reduces plasma viral load
in patients chronically infected with HIV-1. AIDS.
29:453-62, 2015.

Caskey M, Klein F, Lorenzi JC, Seaman MS, West AP
Jr, Buckley N, Kremer G, Nogueira L, Braunschweig
M, Scheid JE Horwitz JA, Shimeliovich I, Ben-Avra-
ham S, Witmer-Pack M, Platten M, Lehmann C, Burke
LA, Hawthorne T, Gorelick R], Walker BD, Keler T,
Gulick RM, Fatkenheuer G, Schlesinger SJ, Nussenz-
weig MC. Viraemia suppressed in HIV-1-infected
humans by broadly neutralizing antibody 3BNC117.
Nature. 522:487-91, 2015.

Koup RA, Safrit JT, Cao Y, Andrews CA, McLeod G,
Borkowsky W, Farthing C, Ho DD: Temporal associa-
tion of cellular immune responses with the initial con-
trol of viremia in primary human immunodeficiency
virus type 1 syndrome. J Virol. 68:4650-4655, 1994.
Borrow P, Lewicki H, Hahn BH, Shaw GM, Oldstone
MB: Virus-specific CD8+ cytotoxic T-lymphocyte
activity associated with control of viremia in primary
human immunodeficiency virus type 1 infection. J
Virol. 68:6103-6110, 1994.

Matano T, Shibata R, Siemon C, Connors M, Lane HC,
Martin MA: Administration of an anti-CD8 monoclo-
nal antibody interferes with the clearance of chimeric
simian/human immunodeficiency virus during prima-
ry infections of rhesus macaques. J Virol. 72:164-169,
1998.

Jin X, Bauer DE, Tuttleton SE, Lewin S, Gettie A,
Blanchard J, Irwin CE, Safrit JT, Mittler J, Weinberger
L, Kostrikis LG, Zhang L, Perelson AS, Ho DD. Dra-
matic rise in plasma viremia after CD8(+) T cell deple-
tion in simian immunodeficiency virus-infected
macaques. ] Exp Med. 189:991-8, 1999.

Kiepiela P, Ngumbela K, Thobakgale C, Ramduth D,
Honeyborne I, Moodley E, Reddy S, de Pierres C,
Mncube Z, Mkhwanazi N, Bishop K, van der Stok M,
Nair K, Khan N, Crawford H, Payne R, Leslie A, Prado
J, Prendergast A, Frater J, McCarthy N, Brander C,
Learn GH, Nickle D, Rousseau C, Coovadia H, Mullins
JI, Heckerman D, Walker BD, Goulder P: CD8+ T-cell
responses to different HIV proteins have discordant
associations with viral load. Nat Med. 13:46-53, 2007.
International HIV Controllers Study, Pereyra F, Jia X,
McLaren PJ, Telenti A, de Bakker PI, Walker BD,
Ripke S, Brumme C]J, Pulit SL, Carrington M, Kadie
CM, Carlson JM, Heckerman D, Graham RR, Plenge
RM, Deeks SG, Gianniny L, Crawford G, Sullivan J,
Gonzalez E, Davies L, Camargo A, Moore JM, Beattie
N, Gupta S, Crenshaw A, Burtt NP, Guiducci C, Gupta
N, Gao X, Q1 Y, Yuki Y, Piechocka-Trocha A, Cutrell E,
Rosenberg R, Moss KL, Lemay P, O'Leary J, Schaefer
T, Verma P, Toth I, Block B, Baker B, Rothchild A,
Lian J, Proudfoot J, Alvino DM, Vine S, Addo MM,
Allen TM, Altfeld M, Henn MR, Le Gall S, Streeck H,
Haas DW, Kuritzkes DR, Robbins GK, Shafer RW,
Gulick RM, Shikuma CM, Haubrich R, Riddler S, Sax

141

PE, Daar ES, Ribaudo HJ, Agan B, Agarwal S, Ahern
RL, Allen BL, Altidor S, Altschuler EL, Ambardar S,
Anastos K, Anderson B, Anderson V, Andrady U,
Antoniskis D, Bangsberg D, Barbaro D, Barrie W,
Bartczak J, Barton S, Basden P, Basgoz N, Bazner S,
Bellos NC, Benson AM, Berger ], Bernard NF, Ber-
nard AM, Birch C, Bodner SJ, Bolan RK, Boudreaux
ET, Bradley M, Braun JF, Brndjar JE, Brown S]J,
Brown K, Brown ST, Burack J, Bush LM, Cafaro V,
Campbell O, Campbell J, Carlson RH, Carmichael JK,
Casey KK, Cavacuiti C, Celestin G, Chambers ST,
Chez N, Chirch LM, Cimoch PJ, Cohen D, Cohn LE,
Conway B, Cooper DA, Cornelson B, Cox DT, Cristofa-
no MV, Cuchural G Jr, Czartoski JL, Dahman JM, Daly
JS, Davis BT, Davis K, Davod SM, DeJesus E, Dietz
CA, Dunham E, Dunn ME, Ellerin TB, Eron JJ, Fang-
man JJ, Farel CE, Ferlazzo H, Fidler S, Fleenor-Ford
A, Frankel R, Freedberg KA, French NK, Fuchs JD,
Fuller JD, Gaberman J, Gallant JE, Gandhi RT, Garcia
E, Garmon D, Gathe JC Jr, Gaultier CR, Gebre W, Gil-
man FD, Gilson I, Goepfert PA, Gottlieb MS, Goulston
C, Groger RK, Gurley TD, Haber S, Hardwicke R,
Hardy WD, Harrigan PR, Hawkins TN, Heath S, Hecht
FM, Henry WK, Hladek M, Hoffman RP, Horton JM,
Hsu RK, Huhn GD, Hunt P, Hupert MJ, Illeman ML,
Jaeger H, Jellinger RM, John M, Johnson JA, Johnson
KL, Johnson H, Johnson K, Joly J, Jordan WC, Kauff-
man CA, Khanlou H, Killian RK, Kim AY, Kim DD,
Kinder CA, Kirchner JT, Kogelman L, Kojic EM, Kor-
thuis PT, Kurisu W, Kwon DS, LaMar M, Lampiris H,
Lanzafame M, Lederman MM, Lee DM, Lee JM, Lee
M]J, Lee ET, Lemoine J, Levy JA, Llibre JM, Liguori
MA, Little SJ, Liu AY, Lopez AJ, Loutfy MR, Loy D,
Mohammed DY, Man A, Mansour MK, Marconi VC,
Markowitz M, Marques R, Martin JN, Martin HL Jr,
Mayer KH, McElrath MJ, McGhee TA, McGovern BH,
McGowan K, McIntyre D, Mcleod GX, Menezes P,
Mesa G, Metroka CE, Meyer-Olson D, Miller AQ,
Montgomery K, Mounzer KC, Nagami EH, Nagin I,
Nahass RG, Nelson MO, Nielsen C, Norene DL,
O'Connor DH, Ojikutu BO, Okulicz J, Oladehin OO,
Oldfield EC 3rd, Olender SA, Ostrowski M, Owen WF
Jr, Pae E, Parsonnet J, Pavlatos AM, Perlmutter AM,
Pierce MN, Pincus JM, Pisani L, Price L], Proia L,
Prokesch RC, Pujet HC, Ramgopal M, Rathod A,
Rausch M, Ravishankar J, Rhame FS, Richards CS,
Richman DD, Rodes B, Rodriguez M, Rose RC 3rd,
Rosenberg ES, Rosenthal D, Ross PE, Rubin DS, Rum-
baugh E, Saenz L, Salvaggio MR, Sanchez WC, Sanja-
na VM, Santiago S, Schmidt W, Schuitemaker H, Ses-
tak PM, Shalit P, Shay W, Shirvani VN, Silebi VI, Size-
more JM Jr, Skolnik PR, Sokol-Anderson M, Sosman
JM, Stabile P, Stapleton JT, Starrett S, Stein F, Stell-
brink HJ, Sterman FL, Stone VE, Stone DR, Tambussi
G, Taplitz RA, Tedaldi EM, Telenti A, Theisen W, Tor-
res R, Tosiello L, Tremblay C, Tribble MA, Trinh PD,
Tsao A, Ueda P, Vaccaro A, Valadas E, Vanig TJ, Veci-
no I, Vega VM, Veikley W, Wade BH, Walworth C,
Wanidworanun C, Ward DJ, Warner DA, Weber RD,



142

Webster D, Weis S, Wheeler DA, White DJ, Wilkins E,
Winston A, Wlodaver CG, van't Wout A, Wright DP,
Yang OO, Yurdin DL, Zabukovic BW, Zachary KC, Zee-
man B, Zhao M. The major genetic determinants of
HIV-1 control affect HLA class I peptide presentation.
Science. 330: 1551-7, 2010.

94) Carrington M, Nelson GW, Martin MP, Kissner T, Vla-
hov D, Goedert JJ, Kaslow R, Buchbinder S, Hoots K,
O'Brien SJ: HLA and HIV-1: heterozygote advantage
and B*35-Cw*04 disadvantage. Science. 283:1748-
1752, 1999.

95) Thomas R, Apps R, Qi Y, Gao X, Male V, O'hUigin C,
O'Connor G, Ge D, Fellay J, Martin JN, Margolick J,
Goedert JJ, Buchbinder S, Kirk GD, Martin MP, Telen-
ti A, Deeks SG, Walker BD, Goldstein D, McVicar DW,
Moffett A, Carrington M. HLA-C cell surface expres-
sion and control of HIV/AIDS correlate with a variant
upstream of HLA-C. Nat Genet. 41:1290-4, 2009.

96) Kulkarni S, Savan R, Qi Y, Gao X, Yuki Y, Bass SE,
Martin MP, Hunt P, Deeks SG, Telenti A, Pereyra F,
Goldstein D, Wolinsky S, Walker B, Young HA, Car-
rington M. Differential microRNA regulation of
HLA-C expression and its association with HIV con-
trol. Nature. 472:495-8, 2011.

97) Apps R, Qi Y, Carlson JM, Chen H, Gao X, Thomas R,
Yuki Y, Del Prete GQ, Goulder P, Brumme ZL, Brumme
CJ, John M, Mallal S, Nelson G, Bosch R, Heckerman
D, Stein JL, Soderberg KA, Moody MA, Denny TN,
Zeng X, Fang J, Moffett A, Lifson JD, Goedert JJ,
Buchbinder S, Kirk GD, Fellay J, McLaren P, Deeks
SG, Pereyra F, Walker B, Michael NL, Weintrob A,
Wolinsky S, Liao W, Carrington M. Influence of HLA-C
expression level on HIV control. Science. 340:87-91,
2013.

98) Apps R, Del Prete GQ, Chatterjee P, Lara A, Brumme
ZL, Brockman MA, Nelil S, Pickering S, Schneider DK,
Piechocka-Trocha A, Walker BD, Thomas R, Shaw
GM, Hahn BH, Keele BE, Lifson JD, Carrington M.
HIV-1 Vpu Mediates HLA-C Downregulation. Cell
Host Microbe. 19:686-95, 2016.

99) Lin Z, Kuroki K, Kuse N, Sun X, Akahoshi T, Q1 Y,
Chikata T, Naruto T, Koyanagi M, Murakoshi H,
Gatanaga H, Oka S, Carrington M, Maenaka K, Taki-
guchi M: HIV-1 Control by NK Cells via Reduced
Interaction between KIR2DL2 and HLA-C*12:02/C*
14:03. Cell Rep. 17:2210-2220, 2016.

100) Alter G, Heckerman D, Schneidewind A, Fadda L,
Kadie CM, Carlson JM, Oniangue-Ndza C, Martin M,
Li B, Khakoo SI, Carrington M, Allen TM, Altfeld M.
HIV-1 adaptation to NK-cell-mediated immune pres-
sure. Nature. 476:96-100, 2011.

101) Pelak K, Need AC, Fellay J, Shianna KV, Feng S, Urban
TJ, Ge D, De Luca A, Martinez-Picado J, Wolinsky SM,
Martinson JJ, Jamieson BD, Bream JH, Martin MP,
Borrow P, Letvin NL, McMichael AJ, Haynes BE,
Telenti A, Carrington M, Goldstein DB, Alter G;
NIAID Center for HIV/AIDS Vaccine Immunology.
Copy number variation of KIR genes influences HIV-1
control. PLoS Biol. 9:e1001208, 2011.

(TANVA EE69%& 527,

102)Reeves RK, Li H, Jost S, Blass E, Li H, Schafer JL,
Varner V, Manickam C, Eslamizar L, Altfeld M, von
Andrian UH, Barouch DH: Antigen-specific NK cell
memory in rhesus macaques. Nat Immunol. 16:927-
932, 2015.

103)Mudd PA, Martins MA, Ericsen AJ, Tully DC, Power
KA, Bean AT, Piaskowski SM, Duan L, Seese A, Glad-
den AD, Weisgrau KL, Furlott JR, Kim YI, Veloso de
Santana MG, Rakasz E, Capuano S 3rd, Wilson NA,
Bonaldo MC, Galler R, Allison DB, Piatak M Jr, Haase
AT, Lifson JD, Allen TM, Watkins DI: Vaccine-induced
CD8+ T cells control AIDS virus replication. Nature.
491:129-133, 2012.

104) Iwamoto N, Takahashi N, Seki S, Nomura T, Yamamo-
to H, Inoue M, Shu T, Naruse TK, Kimura A, Matano
T: Control of simian immunodeficiency virus replica-
tion by vaccine-induced Gag- and Vif-specific CD8+ T
cells. J Virol. 88:425-433, 2014.

105) Tomasec P, Braud VM, Rickards C, Powell MB,
McSharry BP, Gadola S, Cerundolo V, Borysiewicz LK,
McMichael AJ, Wilkinson GW. Surface expression of
HLA-E, an inhibitor of natural killer cells, enhanced
by human cytomegalovirus gpUL40. Science. 287:1031,
2000.

106) Pietra G, Romagnani C, Mazzarino P, Falco M, Millo E,
Moretta A, Moretta L, Mingari MC. HLA-E-restricted
recognition of cytomegalovirus-derived peptides by
human CD8+ cytolytic T lymphocytes. Proc Natl
Acad Sci U S A. 100:10896-901, 2003.

107)Hansen SG, Strelow LI, Franchi DC, Anders DG,
Wong SW: Complete sequence and genomic analysis of
rhesus cytomegalovirus. ] Virol. 77:6620-6636, 2003.

108) Hansen SG, Vieville C, Whizin N, Coyne-Johnson L,
Siess DC, Drummond DD, Legasse AW, Axthelm MK,
Oswald K, Trubey CM, Piatak M Jr, Lifson JD, Nelson
JA, Jarvis MA, Picker LJ: Effector memory T cell
responses are associated with protection of rhesus
monkeys from mucosal simian immunodeficiency
virus challenge. Nat Med. 15:293-299, 2009.

109) Hansen SG, Sacha JB, Hughes CM, Ford JC, Burwitz
BJ, Scholz I, Gilbride RM, Lewis MS, Gilliam AN, Ven-
tura AB, Malouli D, Xu G, Richards R, Whizin N, Reed
JS, Hammond KB, Fischer M, Turner JM, Legasse AW,
Axthelm MK, Edlefsen PT, Nelson JA, Lifson JD, Fruh
K, Picker LJ. Cytomegalovirus vectors violate CD8+ T
cell epitope recognition paradigms. Science.
340:1237874, 2013.

110) Hansen SG, Ford JC, Lewis MS, Ventura AB, Hughes
CM, Coyne-Johnson L, Whizin N, Oswald K, Shoemak-
er R, Swanson T, Legasse AW, Chiuchiolo M]J, Parks
CL, Axthelm MK, Nelson JA, Jarvis MA, Piatak M Jr,
Lifson JD, Picker L]J: Profound early control of highly
pathogenic SIV by an effector memory T-cell vaccine.
Nature. 473:523-527, 2011.

111) Peyerl FW, Barouch DH, Yeh WW, Bazick HS, Kunst-
man J, Kunstman KJ, Wolinsky SM, Letvin NL: Simi-
an-human immunodeficiency virus escape from cyto-
toxic T-lymphocyte recognition at a structurally con-
strained epitope. J Virol. 77:12572-12578, 2003.



pp.129-144, 2019)

112) Matano T, Kobayashi M, Igarashi H, Takeda A, Naka-
mura H, Kano M, Sugimoto C, Mori K, Iida A, Hirata
T, Hasegawa M, Yuasa T, Miyazawa M, Takahashi Y,
Yasunami M, Kimura A, O'Connor DH, Watkins DI,
Nagai Y: Cytotoxic T lymphocyte-based control of
simian immunodeficiency virus replication in a pre-
clinical AIDS vaccine trial. ] Exp Med.199:1709-1718,
2004.

113) Claiborne DT, Prince JL, Scully E, Macharia G, Micci
L, Lawson B, Kopycinski J, Deymier M]J, Vanderford
TH, Nganou-Makamdop K, Ende Z, Brooks K, Tang J,
Yu T, Lakhi S, Kilembe W, Silvestri G, Douek D, Goep-
fert PA, Price MA, Allen SA, Paiardini M, Altfeld M,
Gilmour J, Hunter E. Replicative fitness of transmitted
HIV-1 drives acute immune activation, proviral load in
memory CD4+ T cells, and disease progression. Proc
Natl Acad Sci U S A. 112:E1480-9, 2015.

114) Seki S, Nomura T, Nishizawa M, Yamamoto H, Ishii H,
Matsuoka S, Shiino T, Sato H, Mizuta K, Sakawaki H,
Miura T, Naruse TK, Kimura A, Matano T In vivo vir-
ulence of MHC-adapted AIDS virus serially-passaged
through MHC-mismatched hosts. PLoS Pathog.
13:e1006638, 2017.

115)Kawashima Y, Pfafferott K, Frater J, Matthews P,
Payne R, Addo M, Gatanaga H, Fujiwara M, Hachiya
A, Koizumi H, Kuse N, Oka S, Duda A, Prendergast A,
Crawford H, Leslie A, Brumme Z, Brumme C, Allen T,
Brander C, Kaslow R, Tang J, Hunter E, Allen S,
Mulenga J, Branch S, Roach T, John M, Mallal S,
Ogwu A, Shapiro R, Prado JG, Fidler S, Weber ], Pybus
OG, Klenerman P, Ndung'u T, Phillips R, Heckerman
D, Harrigan PR, Walker BD, Takiguchi M, Goulder P:
Adaptation of HIV-1 to human leukocyte antigen class
1. Nature. 458:641-645, 2009.

116)Han C, Kawana-Tachikawa A, Shimizu A, Zhu D,
Nakamura H, Adachi E, Kikuchi T, Koga M, Koibuchi
T, Gao GE, Sato Y, Yamagata A, Martin E, Fukai S,
Brumme ZL, Iwamoto A: Switching and emergence of
CTL epitopes in HIV-1 infection. Retrovirology. 11:38,
2014.

117)Mahiti M, Toyoda M, Jia X, Kuang XT, Mwimanzi F,
Mwimanzi P, Walker BD, Xiong Y, Brumme ZL, Brock-
man MA, Ueno T. Relative Resistance of HLA-B to
Downregulation by Naturally Occurring HIV-1 Nef
Sequences. MBio. 7:e01516-15, 2016.

118)Kikuchi T, Iwabu Y, Tada T, Kawana-Tachikawa A,
Koga M, Hosoya N, Nomura S, Brumme ZL, Jessen H,
Pereyra F, Trocha A, Walker BD, Iwamoto A, Tokuna-
ga K, Miura T. Anti-APOBEC3G activity of HIV-1 Vif
protein is attenuated in elite controllers. J Virol.
89:4992-5001, 2015.

119)Chen H, Li C, Huang J, Cung T, Seiss K, Beamon J,
Carrington MEF, Porter LC, Burke PS, Yang Y, Ryan B],
Liu R, Weiss RH, Pereyra F, Cress WD, Brass AL,
Rosenberg ES, Walker BD, Yu XG, Lichterfeld M.
CD4+ T cells from elite controllers resist HIV-1 infec-
tion by selective upregulation of p21. J Clin Invest.
121:1549-60, 2011.

120) Ranasinghe S, Lamothe PA, Soghoian DZ, Kazer SW,

143

Cole MB, Shalek AK, Yosef N, Jones RB, Donaghey F,
Nwonu C, Jani P, Clayton GM, Crawford F, White J,
Montoya A, Power K, Allen TM, Streeck H, Kaufmann
DE, Picker L], Kappler JW, Walker BD. Antiviral
CD8+ T Cells Restricted by Human Leukocyte Anti-
gen Class II Exist during Natural HIV Infection and
Exhibit Clonal Expansion. Immunity. 45:917-930, 2016.

121)Ranasinghe S, Cutler S, Davis I, Lu R, Soghoian DZ,
Qi Y, Sidney J, Kranias G, Flanders MD, Lindqgvist M,
Kuhl B, Alter G, Deeks SG, Walker BD, Gao X, Sette A,
Carrington M, Streeck H. Association of HLA-DRBI1-
restricted CD4™ T cell responses with HIV immune
control. Nat Med. 19:930-3, 2013.

122)Soghoian DZ, Jessen H, Flanders M, Sierra-Davidson
K, Cutler S, Pertel T, Ranasinghe S, Lindgvist M,
Davis I, Lane K, Rychert ], Rosenberg ES, Piechocka-
Trocha A, Brass AL, Brenchley JM, Walker BD,
Streeck H. HIV-specific cytolytic CD4 T cell respons-
es during acute HIV infection predict disease out-
come. Sci Transl Med. 4:123ra25, 2012.

123) Gauduin MC, Yu Y, Barabasz A, Carville A, Piatak M,
Lifson JD, Desrosiers RC, Johnson RP. Induction of a
virus-specific effector-memory CD4+ T cell response
by attenuated SIV infection. ] Exp Med. 203:2661-72,
2006.

124)Sacha JB, Giraldo-Vela JB, Buechler MB, Martins MA,
Maness NJ, Chung C, Wallace LT, Leon EJ, Friedrich
TC, Wilson NA, Hiraoka A, Watkins DI. Gag- and Nef-
specific CD4+ T cells recognize and inhibit SIV repli-
cation in infected macrophages early after infection.
Proc Natl Acad Sci U S A. 106:9791-6, 2009.

125)Zheng N, Fujiwara M, Ueno T, Oka S, Takiguchi M.
Strong ability of Nef-specific CD4+ cytotoxic T cells
to suppress human immunodeficiency virus type 1
(HIV-1) replication in HIV-1-infected CD4+ T cells
and macrophages. ] Virol. 83:7668-77, 2009.

126) Clayton KL, Collins DR, Lengieza J, Ghebremichael M,
Dotiwala F, Lieberman J, Walker BD. Resistance of
HIV-infected macrophages to CD8+ T lymphocyte-
mediated killing drives activation of the immune sys-
tem. Nat Immunol. 19:475-486, 2018.

127) Youngblood B, Oestreich KJ, Ha SJ, Duraiswamy J,
Akondy RS, West EE, Wei Z, Lu P, Austin JW, Riley JL,
Boss JM, Ahmed R. Chronic virus infection enforces
demethylation of the locus that encodes PD-1 in anti-
gen-specific CD8(+) T cells. Immunity. 35:400-12, 2011.

128) Nakayama-Hosoya K, Ishida T, Youngblood B, Naka-
mura H, Hosoya N, Koga M, Koibuchi T, Iwamoto A,
Kawana-Tachikawa A. Epigenetic repression of inter-
leukin 2 expression in senescent CD4+ T cells during
chronic HIV type 1 infection. J Infect Dis. 211:28-39,
2015.

129)von Andrian UH. Intravital microscopy of the periph-
eral lymph node microcirculation in mice. Microcircu-
lation. 3:287-300, 1996.

130)Murooka TT, Deruaz M, Marangoni F, Vrbanac VD,
Seung E, von Andrian UH, Tager AM, Luster AD,
Mempel TR: HIV-infected T cells are migratory vehi-
cles for viral dissemination. Nature.490:283-287, 2012.



144 (YA IVA E569% 4527, pp.129-144, 2019)

131) Stolp B, Imle A, Coelho FM, Hons M, Gorina R, Lyck kovic B, Ansari AA, Hunter E, Villinger F: Whole-body
R, Stein JV, Fackler OT: HIV-1 Nef interferes with immunoPET reveals active SIV dynamics in viremic
T-lymphocyte circulation through confined environ- and antiretroviral therapy-treated macaques. Nat
ments in vivo. Proc Natl Acad Sci U S A. 109:18541- Methods. 12:427-432, 2015.
18546, 2012. 133) Lelek M, Di Nunzio F, Henriques R, Charneau P, Arhel

132)Santangelo PJ, Rogers KA, Zurla C, Blanchard EL, N, Zimmer C. Superresolution imaging of HIV in
Gumber S, Strait K, Connor-Stroud F, Schuster DM, infected cells with FIAsH-PALM. Proc Natl Acad Sci
Amancha PK, Hong JJ, Byrareddy SN, Hoxie JA, Vida- U S A. 109:8564-9, 2012.

Recent conceptual advances in HIV basic research
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HIV encodes a milieu of biological functions in a small number of genes, and is pathologically
optimized to perturb the immune system of humans and persist, resulting in dissemination. This
review will introduce recent conceptual insights in the field of HIV basic research derived from

technological advances.



