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ST “HIV 3REH” T8 18

HIV vaccine research ff‘@ qA-9 IT9eH a8 %‘%THEEI‘HTO"&F H’H’H\'ﬂ'@f‘ﬂg‘: broadly neutralizing antibodies,
JTbNADs |

T antibodies HET HIHTTH FHIIT viral variant HIFa] TqHT HIV & &S T strains HITe9H 9 Fcile | T
s 9 9 7% SERRY & | Passive-transfer studies & 9% IbNAbs & & macaques HISHIV challenge g E:Gli‘ﬂ'l’qﬁl'
&, 3T AYI VRCO1 antibody T IHE HaaTIM viral strains & @ TERTTGEE | AFR{T vaccination &
ST 997 § UHTantibodies TTaA TS [RTH 6 ®io( @[T 82T & |

AAHIAHAA I8 & i HIV T8T a9 mutate FXATe | HTH Hic(T a0 T8 & &t G999 TCIHDNAbs 3MH aF
T UH EISANT & AR @

T AR virus 3 immune system & S8 @9 evolutionary Ha® & ITd g | rTATT ¥ immune system W
LA precursor B cell E'E'FQ‘, SfaaTreceptor @& Tviral shape HITETHT & T IHd FIW &N R T aET
antibodies & 9 & FI‘F'I virus FEAATE | STGE & antibody T-TH aFIB-cell lineage Waeeid s | % afidas
mutation 3T selection virus dYTantibody El-?l@—i;‘ﬂi‘ & 9| evolve HTH Eﬁ % |

WHdd GRHT 7§67 TWaRUOATH TR FAE N 00T 96 &, 3Y Hdd &g, i = TR breadth afdafa
gHs — THIUHTantibodies STMETLH I variant HIT&] WMWWHIV & &g Ao

variants & neutralize HT T |

Ashwin Skelly, Harry Gristick, Hui Li, Edem Gavor 3% 39 98 H TS cience Qﬁﬂ"?—d\'{' HW ESSH

FAGATRES T8 Rl a8 S99 GahilAd T Aaqa I HF d¥dlr: Tah macaque SHIV model IHTE SITEH
bNAbs HlTH ATIE A class THRT & Fa A q¥ AL ASE IHI R, AT 3T FC0H THA RITAATH A

FIATR TEH THTE |

Wqﬁ?{ﬂ"‘gﬂiw HIV vaccine 8”& & Iqﬁlﬁ{ﬂ'q@%ﬂ{d Cas) Udh LA antibody-development pathway
FIETATINE TARIATRT AT IF JIITT AR THS VT H ITh A hA FIAENT &6 d TR |
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A two-step route to expose a hidden HIV target

The model uses viral escape to open the V3-glycan epitope; it is not a licensed vaccine.
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bNADb precursor engagement

Boundary: macaque SHIV model, not a licensed HIV vaccine.

ZFEIUTH THAT engineered V1 loop I[L3ATC antibodies HISTHLSTT &idTa ; virus V1 RIGETRTH 376 99 ATheAdTa;
99 V3-glycan patch 3Tfad @fl‘ri'l? 3T broadly-neutralizing precursor B cells W‘F&' g & | I8 macaque SHIV
model &, licensed HIV vaccine &N
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TR HIV envelope protein % T5[E V3-glycan patch & |

T JE-T IR H 5 96 G9E & | HIV & T8Y Env TH Hlenvelope protein EHTS , ST virus HBT B 7 TXa9
& Q ITIT :¥dTs | Env fTTH EETV3 loop & | 38 loop & base & TH glycans — protein & G\L@ sugar
groups — & AU IS patch & | T YL & IMEAIIL glycans N332 3% N301 F&H & ; TH Env
¥ I positions TAH & |

F5, human bNAbs 9 V3-glycan patch &g =H&T HIV ®EET THHGT & neutralize T Tahclla | @@H T8

TIETH & &t F5 TAIDNAD classes HITATH V3-glycan bNAbs HYI-THH® AT AE AR TT F S Ear

& | Vaccine design EOg Q ag 3 ﬂ\@?l L EEGds: Tal &S FAAT precursor B cells 9 target T ‘13:7{ Tehell
&, Tidesigners HTRTHE Uh C LY TLTH genetic starting point T¢ H‘ﬁ}ﬂ‘ TE g

AEHT simian-human immunodeficiency virus, IHTSHIV, model # & &fam SHIV qE9 HIV | &ia; 98
macaques & ESGRIY ZH @MTchimeric virus &, IS animal model # HIV-envelope immune responses T
EEREEER QWIFQI\TIIHQICII& |

IR SHIV.5SMUT 78 &virus engineer &AM TH technical &, ¥ %A HIV envelope W SHIV & IL=ATa
&Y 3T envelope & BE ‘gﬁ{@ FITEA, H’WFW V3-glycan target antibodies & c"l'FQ" s accessible &T
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HET d<1" HIV envelope & V1 loop & &IIWTAM Protein & & HTamino-acid FISTE diresidue FEd & | Parental
SHIV.BG505.N332 envelope HIqeA=TH SMUT I V1-loop residues 9% ST &: V134Y, N136P, 1138L 31T
D140N | ¥ code ITHTR & & numbered position T¥ Td amino acid HISITE FHLRATEN 7 ¥ substitutions
T V3-glycan epitope — FfTantibody mﬁﬁ FFftarget surface — H?IGI\T{H' V3-glycan antibodies & FI'FQ‘

TR FeAra-raran
Animal experiment § TR T A @A IqAHNTS |

FE, macaques HITE engineered Env immunogens (W 7T 3 & H SHIV.SMUT & S&ZH T SHfIAWTAT THT
engineered virus 3= & T8t ITdTimmune system design &0 T Env proteins T LTI

TEY {97 &8¢ immunize T& R INTAT I8 TH SHIV.SMUT infection ZfamT=m

Control group &parental SHIV.BG505.N332 & HhH fq #FAWTET— a8 comparison virus TTH SMUT T8
V1-loop I&TH A& |

% design SAATT AEA@ILN & HiFd ol qaH striking TXOTH &HaeT ILAT vaccination T TN & MM A@&T
F AT engineered virus, TTSHE evolve T3 &E derivative, bNAD lineages Hlprime F¥= T T TeATILIH
z |

—
DA H]

IITTT RIS ¥ groups H &7 42 infected macaques H £3 | T+T42 H productive infection 2T — THT
challenge virus & IHAT H infection TUWTT HIAN TH& T& TET one-year analysis § S animals §T TT: T
T viral load 9 THE EESS) FITETAT AIDS asiie gt T animal T infection TAATATS qX fa &famat blood &
T8 & virus YT infecting virus & @I detectable autologous neutralization =& TN HF&HT TAATH
T d¥F 22 SHIV.5MUT-infected macaques 31¥ 14 parental-SHIV controls & |

eI plasma bNAD response H T NTHT infection & 48 SEGES F JHT 3ATS heterologous viruses § & & -
- dH dneutralize FLAT T8 heterologous” 3T infecting virus T T viruses & T ltest T8 93 &|T

& & antibodies T strain & AT HfA1GL dd Taddls |

I NS ITEr 22 ® & 14 SHIV.5MUT-infected macaques & bNAD response Ifeefa 8310 | Parental
SHIV.BG505.N332 control group & 14§ & 0 & ﬁ\'FlTresponse HTAT @ @Ta Fisher's exact test H 2a¥ EESS)
significant ¥T(P < 0.0001) |

SHIV.SMUT animals § & 3& = screening panel & 31T heterologous viruses § & -H-&H B& Hineutralize
HTAT =T ID50 titers THET 1:1000 T FIT T | ID50 dilution FTmeasure & ElE'Fplasma 5L @T@ gt
dilute FYT I Wneutralization TFTHTE, Tlresponse HaeT J{S\Wr?*l‘ T detectable T& 15 | Plasma breadth Tﬁ?ﬂ%‘
V3-glycan epitope & Gl:é’ﬁ'ﬁﬁ'l

THF T8 999 broad plasma responses @ animals & antibody lineages isolate #TS | Researchers = 106 lineages
FILATTS @ d¥ aF1238 monoclonal antibodies screen FIRAY TS macaques & 12 V3-glycan bNAD lineages

TETHN
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&= 130-virus global panel # T antibodies HTITLE LI FEd AIT-A T 9T Neutralization breadth 6% g 68%
& &N Geometric mean IC50 values 0.06 & 2.80 micrograms per millilitre @ 2 IC50 assay # infection 3TET
FA DA lhq S ga antibody concentration & HHAIA:SH value a1 potency E‘{STEIF'% |

- LaN

q9q A 3\3; antibodies FTbreadth HSTdd human-derived V3-glycan bNAbs TR range HIAE TGATH I8y
8 8¢e antibody broad TERM

Antibody lineages WTafafsr &M Researchers & Rt antibodies T :F -8 variable-heavy-chain gene segments
Q'Hﬁq't?l' $ﬁ1‘ binding & He 9929 CDRH3 loop FITATAGTITRAT maturation & S¥H antibody genes & Hfa-T
mutation 31 | Lineages H %% VH3 31T VH4 gene-family segments <, CDRH3 lengths 14 & 25 amino acids &
=¥ VH somatic mutation 3TEa 8.4% nucleotide level TT M A& 9 IqHE S Th AA A & prime §H &
9R - lineages FIIHE IT =) E;Fl'a'HIV bNAbs STfa= 99 mutation burden ﬁﬁl’g‘d‘ T q@ |

TEY Ui T mechanism

IHIAY FETH SFATHT AT T T8 & @1 antibodies TN A EH T8 & Ff T e g1
s dTmodel EEYIEHTR |

I8, SHIV.5SMUT & TeAT V1-loop region SRIEY AT AT | ILLAT erantibody response SHTV 1 region T
target FYAT | T virus VI loop HISETHTSH AT 3T glycosylation — THISTH @ sugars shlpattern —
FEAHY T antibodies & T Afdherams |

W IYOTH, V1 BERIT a0 T escape variants TH & V3-glycan epitope s Td qIYS ™ T expose T ad
& 1399 V3-glycan bNAD precursor B cells ®iltarget THe= HTH RIS | Udh g precursors WF&‘S S ar
virus ¥ antibody @Tcoevolution FTEdR AT %S, lineages Fed breadth F=AT mature 15 |

& Tvaccine-design & ATT THAG 6 Gdd & | @& STl immune response TLT TR IHT 18 ; T TSR HIUHT
sequence map HY W& & W19 H‘dﬁ:ﬂ' 7 designers & replicating virus I H‘F{HT gy FfTreproduce F¥ &
HETT FL TR 5 |

mﬁﬁmﬁqﬁa@ﬁ‘éﬂ' route & r'{ S ga&gg 3Tl lgenetic material Hﬁﬁggsﬂ'l‘plausible & | Macaque
bNAb precursors # SHAHT VH gene segments rhesus macaque 3T human immunoglobulin databases TRTH
common alleles & ITATA & | TG T& THIA A& 8 ATHT Talroute TIIATH HF HT AH(T T8 IH HdA
macaque-specific curiosity & 3T ‘R’H’Wﬁn‘ FHE |

T8 RATEHIT T8 [ Ld]

T& HIV vaccine Wﬁ'ﬁ'mﬂﬁ? |

as H‘-—\l;@ﬁ’ HIV infection & protection -T& [& & HT

TF TR GEHTHT vaccination alone Qiﬂ‘pathway El*?l‘reproduce TR AR |

g TR IGEGHTRT R GIRAT § J% fantibodies TXHRTIT AT HEHAT AL & 111
% engineered SHIV @ivaccine platform T T8 hean
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7 clinical trials, safety testing, dosing strategy 37T immunogen design FiIs T GqH A JEREI
T7 TRIGaaTHf 8% V3-glycan antibody lineage THH ™ g IIFITEIT isolate FITE antibodies narrow &
broad @& et &M

qeq LESERIU THTinfection model & | SHIV.5MUT = “evolving immunogen” &Ta¥g &H &1 £ T&f 98
replicate FYANETT immune pressure & TH TaATNEN 3 SEL f& {‘T@WG@E IR, AT prophylactic
human vaccine HIEHTAYE uncontrolled replicating infection & ™ q TR AT

Translational V\l,lﬂ‘lﬂl TR FafT &8t 1\1'@ immunogens design F¥=T &I STuncontrolled infection & FTATITIIN
exposure sequence FHiTdh HT T |

THI HfqAHTId 82

THIAY FRAEAHAT § #7dTe, 396 AT AP To9d & |

qET TAATHW &: 90 48-week window & 14/22 T 0/14 | Authors plasma neutralization &Tmonoclonal
antibody isolation, structural analysis, B-cell receptor sequencing 1Y longitudinal viral sequencing & ¥STEd & |
Fs qad QL T&T & readouts HITE HIW HIH U neutralization test & s [T & convincing & |

Mechanistic mﬁﬁﬁm ™ T traceable & | Researchers QKBTIT-TTVI selection 3% T&hd &, bNAD precursors
infer F¥ Taha &, mature antibodies isolate FY¥ Tahd &, epitopes map FY Tahd &, structures compare FH¥ Tahd &
T THT & GH viral sequence changes follow ¥ T&hd & | Animal model FTRHSE 5 : a5 longitudinal access
&dTe, SThuman infection studies & S+ G/ a4 & qﬁ'ﬂw gl

Hgﬂ'lf lﬁ?l'ﬂ?ﬁlﬁ & | Model macaques & &, humans & &N SHIV proxy system & | Route & engineered virus
FTinfection AT &, FE finished vaccination schedule &N 2T response control & EESS) arafe frequent 5H &
FES< 22 SHIV.SMUT animals T 7 8 study HIDNAb-response definition & &Y Ew";l |

THATT LAV model 3T mechanism & AT ASTGT &; vaccine & AT YL 1= |

N
TE FAHE I &

HIV vaccine design H3THRAT LT Tt antibodies & IACITITH HF HIATISTA : mature bNAb @i, ITH
ancestor HTATHH a’mf, HT ﬁ\'@ immunogens TTH FIRPTTIT & FTB-cell lineage ﬁ?’!ﬂ'{'ﬁﬁ T \Tﬂf |

DES-=) Teh AT d¥lg slmap qqm® | TEH T engineered envelope state viral escape Fldrive FATE, AT T&T
escape SATTeATtarget TH adTa | Immune system &iddad final epitope & [ @HTTHT dacTdTantigen 39 HIHIA:

TaId® TaaHTs |

Taf vaccine designers replicating-virus T gﬁ{@ FTcontrolled immunogen sequence & T&T T, aTdg HIV
vaccine research HlTad Hs( Hﬂ"ﬂ:ﬂ'@' " Heq &T 9ddTs : 98 precursor cells ®Tprime FITATHIT response HT
off-target Eﬁ{ Ff-Tbreadth FTAT mature FTAT

Tg qHAT 6 TATdT & — St THIITd T ST e FEIHE TaAT=EIT | THIAY vaccine design & @10 agd¥
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blueprint T9T8 | Building Snfa-<& 1= |

Skelly, Gristick, Li, Gavor AT ITH 9 B hH RIE UHTengineered SHIV model TIETSES macaques T V3-
glycan broadly neutralizing antibodies parental control virus Eﬁ@?ﬁl‘l’ﬁ‘ EES) st Tfgafa ISE T 3N 48
SEGES & WHT 22 § & 14 SHIV.5MUT-infected macaques = plasma bNADb response aferdd HfAT TahT
parental SHIV.BG505.N332 & H&ZHfa 14 7 & 0 animals § THTEST | Authors 7 12 V3-glycan bNAD lineages
isolate 2T TFIYUMEA mechanism trace HIAT TaeA 8T V1 loop & giAm Ql'gaﬂ?ﬁ'antibodies T Vl-shortened
escape variants ﬂﬁ; g variants T V3-glycan epitope expose HIITIIT bNAb precursors Hiprime HfaM T5 HIV
immunogen development & Fl'FQ‘ HE Q99T model 3T design clue & | T8 human vaccine result T&18 |

g GhY I

m@'ﬁﬁﬂ'ﬂ'@‘: T& engineered macaque SHIV model & HIV broadly neutralizing antibodies #HTa class
Fparental control virus HITATH Tad I (h X TITRIAT T authors I IHTA Hlplausible TFETITH route

trace FT G |

CRISEED % AR H'ﬁﬁ' &Y Vaccine designers controlled immunogen sequence & S8 route HiTeheT &Y T |
& translational IHHE &, AT THIAL 39 A ERRIEE I CECT AT FE finished vaccine schedule T& <

RE) W?’:@FFHIV vaccine, Hﬁ‘i’éﬂﬁ HIV & protection, FTreplicating engineered virus HTvaccine & IS =y
TR SHAAM F¥ AIACET T8 W& R @HTET 8% V3-glycan antibody lineage broad ITT=ITE M

HHAY 98 &AM LSRR AT ST mechanism infection model & T g3 | SHIV.SMUT replicate 3,
immune pressure § T & FI’FQ' evolve 3T AT FEAT-gaAd SAITATtarget expose F1FT Human prophylac-

tic vaccination 9 uncontrolled TR TATRIEH copy T&ThT At SAGR f designed immunogens & ITHI

sequence reproduce FLATE I

THAT T8F HIA-TRICHTHL? 3T Td & macaque model 3T mechanism experiment & WHT THATH & | S0
TH human vaccine T FTHHEATIC YIHTRMIEH SATIEIT | STASE takeaway: HIV immunogen design &

T §8d¥ blueprint — vaccine breakthrough T& 1
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