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Presentation Notes
HIV CURE – The holy grail of infectious diseases research


[Twc oplletal n laon;

AEN YINAPXE|I KOINA ANOAEKTO2 OPI12MO2

“Treat a disease such that the patient no longer needs to continue
treatment, as opposed to suppression or management of the disease as is
presently required in diabetes, rheumatoid arthritis, and HIV.”

" ‘laon (Sterilizing Cure, eradication): mAnpnc e¢aikewdn tou oL (pe
LKOVOTNTA TIOAAQTIAQLCLAOOU ) OTTO TOV OPYOVLIOUO
= Aelrtoupykn taon (Functional cure):
® Mn avixveUuollo UKo poptio oto aipa xwpic ART
® ‘EAAeuwn mpoodou vooou
® QuoLloAoyLkoOC aplBpoc CDA* T kuTTApwVY
® Anouota petadoong HIV

Fauci A. XVIIth International AIDS Conference, Mexico City, Aug 3-8, 2008.
M. Churchill. 1st Stakeholders Consultation Meeting, International AIDS Society, Canberra 28 September 2011.



<
I
l—
@)
—
e
>
N
L
<
L
l_
@)
-
<
I
<
<C
-
Ll
>

[NPO®YAA=H META AlTO
EKOEZH 2E HIV

Meyain
QTOTEAECUATIKOTNTA OTNV
QTOTPOTI TNC AolpwéNnc
LETA oo €kBeon
(emayyeAQTIKN, 1N
ETAYYVEALQTLKA N
TIEPLYEVVNTLKA)

EKKPIZO>H AOIMQ=H2
HIV

Aduvapta A poug
ekpllwonc mapa tnv
QTMOTEAECUATIKA
KQTOLOTOAN TOU LLKOU
noAanmAaoclacpol Kot TV
QVOOOAOYLKA avacuoTaon

quwzavamuv HA




Ta mpwipa otadla TtnC Aotpwénc HIV

" O 0C eloep)eTOL OLOPEOOU TWV PAEVVOYOVWY UE TN PoNOELO TWV KUTTAP WV
Langerhans

" Meta tnv €loodo Tou U OLaECOU TwV BAEVVOYOVWY, LLOAUVOVTAL T
Toruka CD4 T Aepdokutrapa

® Kataotpodr peyalou pepouc tTwv CD4+ T AepdokuTtTapwy
® Anuloupyla evog mAnBuopol poAuopevwy CD4+ T Aepdokuttapwy (founder
population) mou eival evepyomotnpéva kot SLaoTeipouy Tov 1O o A
Slapeplopata
" Oplopeva CD4+ T kuTTAPA LLVALLNG TTIOU €XOUV LOAUVOEL KoL EVOWLATWOEL TO
yovidlwpa Tou v, ElTe eloEpYOVTOL O€ UL Kataotaon npepiac (“resting”,
GO) N oTAUATOUV va LETAYPAPOUV TIC TIPWTEIVEC TOU LOU LECW
«ueTaypadlkwy mapeUBoAwv» =2 Anuloupyia tng Aavlavouoag de€apevig
®* H dnuwoupyla tnc AavBavouoac detapevic cupPaivel Tic mpwteg 1-3 NUEPEC TNC
AolpwéNng
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Presentation Notes
Χρονικό πλαίσιο δημιουργίας λανθάνουσας δεξαμενής: Εξηγεί την αναποτελεσματικότητα της PEP μετά την 3η ημέρα αλλά και την αδυναμία της ART να εκριζώσει τη λοίμωξη ακόμα και αν χορηγηθεί στις πχ 10 ημέρες.
Η πρώιμη ΑΡΤ δεν εκριζώνει τη λοίμωξη αλλά καθορίζει σε μεγάλο βαθμό το μέγεθος της λανθάνουσας δεξαμενής.


The early events of HIV infection

Lamina propria Lymphoid tissue
Infected “resting” Late-responding CTLs

“Resting” CD4+ T cells @
CD4+ T cells PD-1+CD8+ S
T cells @ @
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reservoir activation
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Harrison’s Principles of Internal Medicine 20th Ed, Ch 197, Nat Rev Immunol 2005;5:783-92




TLelval n AavBavouoa decapevn;

“..extensively studied but poorly defined..”

= KOttapa pvnpng mou dev mapayouv Lka cwuatidla ooo Bplokovtal o€
Kataotaon npeplac aAAa apxilouv va mapayouyv O pe duvatotnTa
MOAAQTTAQOLAO OV META ATIO KUTTAPLK EVEPYOTIOLNON
® O 10C OV TOPAPEVEL O AavBavouoa KATAoTaon oTtnVv Kuttaplkn 6eéapevn dev
Lopel va aviyveuBel amo To avooomoLnNTIko cuoTnua epooov Sev
noAAamAaoLaleTal.
" H «AavBavouoa» detapevn tou HIV edpatwveTal mpwipa (MpwTeC 3 NUEPEC
NG Aotpweng)
" Ta kUTTtapa Tng AavBavouoacg de€apuevnc elval omavia aAAQ TTOPOAUEVOUV
otaBepa akopa kaL o€ acBevelc umo mapatetapevn ART
® Toa kUTTOpa TtNC AavBdvouoag Setapevng «Byaivouvy amo tn detapevn e
oT0oBep0O puBUO aAAG avTikaBloTavTal e OLOLOOTATLKO TTOAAATTAQCLAOUO,
dnAadn xwplc uko (moAamAaotaouo (“homeostatic proliferation”)

® Xpovoc Nulwnc tng AavBavouoac defapevnc 44 urveg

Aids2031, Working Paper No. 7: HIV Eradication- is it feasible



Epwtnuata

" Moo kUTTapa IepAapBavel n AavBavouoa de€apevn;
® CD4+ T kutTapa o€ paon npepiac
®* Makpodaya Kat mbavwe povokutTapa

® AMa kUTTapa: devdpltika, T-puBOuloTika kutTtapa, NK kutTapa, pikpoyAoLaka
KATT

" MNou Bplokovtal autd Ta KUTTAPQ;
® KukAodoptio: cuxvotnta 1:10° o npepia CD4+ T KUTTAPWV
® AgUPLKOC LOTOC eviepou (GALT): cuxvotnTa uPNAOTEPN ATO TNV KUKAOpOopia
® MepldPepkOC AeUPLKOC LOTOC

" [Nooo (ouv auTa Ta KUTTAPQ,

® MMVEC EwWC KaL Xpovia



Anatomical compartmentalization of HIV persistence and
barriers to cure

Brain and CNS > foar ey
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HLA, 2016;88:155-163
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Anatomical compartmentalization of human immunodeficiency virus (HIV) persistence and barriers to cure. HIV is able to enter immune
privileged sites of the human body such as the brain, the central nervous system (CNS), the male genital tract (MGT), lymph nodes or fat tissue, and
persists in latently infected cells. Several of these sites of infection are protected by natural barriers including the blood–brain-barrier in the brain, the
sertoli cell layer in the MGT or the B cell follicles within the lymph nodes.


TL uropou UE VAL KAVOULLE yLa va
ETLTAXUVOULE TO BAvATO TWV KUTTAPWV TNE
AavOavouvoac de€apevie;



Potential obstacles to HIV eradication

A

B “Active” reservoir,
with ongoing
production of
viral RNA,
antigen, or
virions

Latently 2 Ongoing, low-level
infected infection of new
resting central cells despite the
memory presence of ART
CD4* T cells _ e

Failure of
effector cell
clearance due
to viral epitope
escape and/or
host immune
exhaustion

Homeostatic or aberrant
integrant-driven cellular
proliferation without viral
production or cell death

Science. 2016;353:aaf6517
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Potential obstacles to HIV eradication. 
True virological and transcriptional latency, with little HIV RNA expression, and no detectable HIV antigen presentation. 
So-called “active latency” with ongoing production of HIV RNA and antigen. 
Proliferation of latently infected cells, driven by homeostatic forces, or by dysregulation of the host gene program by a viral integrant, without viral production. 
The possibility that de novo infection occurs despite effective ART.
Failure of immune clearance owing to viral epitope escape or host immune exhaustion


2TPOTNVYLIKEC yLa TNV ekpllwon tou HIV-1

" Mpwiun evapén ART —mpv TNV edpaiwon Twv deCapevwy
" Evratikornoinon tnc ART - e€aAeun Tou UTTOAELUUATIKOU LLKOU
MoAAamAQ oo OV

" ECalewn TwV LOAUOUEVWY KUTTAPWYV TIOU BPLOKOVTOL O€
AavBavouoa Kataotaon

" Tporomnoinon TwV KUTTApWY WOTE VO YIVOUV «VOEKTIKA» OTOV
HIV

" Evioyuon tnc eldknc evavtL tou HIV avoaotac

" Mo tnv enitevén ¢ laong mbavotata Oa xpelaotel
ouvOUAOOC OTPATNYLKWV



OEPATIEVTLKEC TIPOOEYYLOELC VIO TNV
ekkpllwon tou HIV-1

" AVTIPETPOLKN aywyn

" Evepyoroinon tn¢ AavBavouoac defapevng

" [ovibLakn Bepamela

" Metapooxevon HUEAOU OOTWY

= AvooOTpOTonoinon

" EupewC daopatoc eE0VOETEPWTIKA AVTLOWHOTA
= AVTLOWUATO EVAVTL UTTOSOXEWV TOU LoU

" QepPATEVTIKA ELPOALA

Combined Immunologic Approaches to cure HIV-1 - Pre-CROlI Community HIV Cure Research Workshop 2020



Latent infection of CD4" T cells provides a mechanism for
lifelong persistence of HIV-1, even in patients
on effective combination therapy

Combination therapy for HIV-1 infection can
reduce plasma virus to undetectable levels,
indicating that prolonged treatment might
eradicate the infection.

However, HIV-1 can persist in a latent form in
resting CD4+ T cells.

We measured the decay rate of this latent
reservoir in 34 treated adults whose plasma
virus levels were undetectable.

The mean half-life of the latent reservoir was
very long (43.9 months).

If the latent reservoir consists of only 1 x
10° cells, eradication could take as long as
60 years.

Thus, latent infection of resting CD4+ T cells
provides a mechanism for lifelong persistence
of HIV-1, even in patients on effective anti-
retroviral therapy.
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Nat Med. 1999;5:512-17
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Προσδιορισμός της δεξαμενής: Memory CD4 cells that have survived after viral replication enter to a resting and memory state. In this state HIV expression stops  latently infected CD4 cells. These cells cannot be detected by the immune system, as they do not express viral antigens. ART cannot act on these cells as they are not actively replicated. These cells leave the memory pool at a steady rate, however the pool persist because of homeostatic proliferation. In patients under ART the latent pool is very small: 1/1.000.000 infected cells. The half-life of the reservoir is 44 months  ART would need to be maintained for >60 years to achieve viral eradication even if a patient had only 100.000 infected cells. Latent infection may persist outside CD4 cells 


Evtatikomoinon ART

T20
- LPV/r
ATV/r
Raltegravir (x4)
Maraviroc (x2)

HIV RNA

Junod g

Years on HAART intensification

H evtatikornoinon tng ART dev paivetal ko va LELWOEL
ONUAVTLKA TNV UTTOAELUUATIKN atpia } to HIV-1 DNA

M. Churchill. 1st Stakeholders Consultation Meeting, International AIDS Society, Canberra 28 September 2011



[oviolakn Bepameia & Metapooxevon
LLUEAOU OOTWV

" «O aoBevnc tou Bepohivou»: AANOYEVNC LETALOOYXEUON
LueAou amo 6otn CCR5-A32

® Aev elval epKTO va yevikeuBel. Aotec?
" Metapooxevon HUEAOU TwV 00TwV: OV dolveTal Vo ETTAPKEL
yLloL TNV Kataotpodn tnc AavBavouoac Seapevng

® AVo aoBevelc HIV(+) umoBAnBnkav oce MMO Aoyw vooou Hodkgin:
e\eyxoc TNC Aolpwénc xwplc ART yia 12 kat 32 eBdopadec avtiotoya.

" AAM\EC OTPATNVYLKEC:
® MadntkN petadopa avtoloywv T Aepdokuttapwy pe eAewpn CCRS
® Xprion anti-sense RNA oAlyovoukAeoTtidiwv.



2UVOUOOTLKN TIPOCEYYLON

1. Emavevepyomoinon tnc AavOdavouooc de€apevic wote va sivat duvatnh n
etalewdn tnc.
® Ta evepyormolnueva kuttapa Ba mebBavouy elte Adyw TNC AUEONC

kKuTtapornaboyovou 6pdonc Tou o N pe anontwon (Activation-induced cell
death)

2. 2TOXEUON TOU UTIOAELLUATIKOU LLKOU TIOAANATTAQCLO.OOU, OUCLAOTLKA
LLECW KATOAOTOANC TNC Xpoviac GAeypovnc mou emayet n HIV Aolpwén.

® H KaTAoTOAN TNC XPOVLIOC PAEYLOVAC Umopel va 0ONYNOEL O€ EVIOXUEVEQ
QTOKPLOELC TNC eyyeEVOUC KO TNC TTPOCAPHOOTLKAC avootiac poc Tov HIV.

3. Evioyuon twv pnXoviopwy KaBoponc ToU UTTOAELLLUATIKOU LoV amod ToV
cevioTn.
® MaBntikr petadopd Gag-specific CD8+ T kuTtdpwyv amo elite controllers
® OepameUTIKA EPPOAL

Lancet 2013;381:2109
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“Shock and kill” and “block and lock”

approaches.
Cell death G" 3
= :,’ “Shock and kill”
vé
\I

% Prollferatlon =
Latently infected cells
Infected CD4+ T cells BIOCk and Iockﬂ

Antiviral Res 2019;166:19-34 https://doi.org/10.1016/j.antiviral.2019.03.008
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Fig. 1. Visualization of “shock and kill” and “block and lock” approaches.
Following an infection event, the majority of infected CD4+ T cells die, but a minor subset survives, harboring latent proviruses.
The clonal expansion of the provirus is driven by the proliferation of these latently infected cells. The curative “shock and kill” strategy aims to decrease the functional HIV
reservoir by chemically reactivating proviral transcription, leading to the elimination of infected cells via immune clearance and HIV-cytolysis. 
Alternatively, persistent “block and lock” therapy is projected to fully inhibit the proviral expression and the drive the infection into a state of deep latency.
Both the of the depicted therapies are considered to function in concert with existing combinatory antiretroviral therapy (cART).

https://doi.org/10.1016/j.antiviral.2019.03.008

(Lot avoooTpormonoinon;

H avaotpodn tnc AavBavouoag kataotaonc tou HIV kat n emaywyn
NG EKGPOONC TOU UITOPEL VA KATAOTNOEL T LOAUCUEVA KUTTAPA
avoyvwpeLloLpa amo To avoOoOoTIOLNTIKO CUOTNLAL.

QoTto00, N avaotpodn tnS AavBavouoac Kataotaong LE Emaywyn
TOU UKOU TtoANammAaocLaopol, SV elval armo povn TN EMapKC yLa
TNV KATAOTPOPr TWV LOAUCUEVWY KUTTAPWV.

Qatvetal ot elval omapourr]rr] n evepyn «Kaeapon» TWV
LLOAUOLLEVWY KUTTAPWVY OO TO AVOOOTIOLNTIKO cUOTNMAL.
® “Kick and kill” strategy

H avoootpormomnoinon my Le evioxuon Tt amokpLlong Twv T KUTTApwy

LUmopel va 0dnynoeL o€ avénpevo EAeyxo tnC Aolpwénc onwc
oupBaivel otoug elite controllers.



2TPOTNYLKNC aAVOOOAOYLKNC EVioYuonc
N/KolL LVOOOTPOTIOTIONONC

" EtoudeTEpWTIKA QvTIOWHATA EUPEOC daopatoc (Broadly
neutralizing antibodies)

" AvTIoWMOTA EVAVTL UTTOOOXEWYV TOU LOU

" AVOOOTPOTOTOLNOoN UE AVAOTOAELC ONUELWYV OVOTOAOYLKOU
eheyyou (Checkpoint inhibitors)

" T kUTTOPO PE XLMOLPLKO avTyoviko urtodoyxea (CAR-T cells)



E¢ovdetepwtika (Kat AAAa) avtiowporto



Avtiowpata otn Bepamneia tnC Aotpwénc HIV:
AUO OLAPOPETLKEC MPOOEYYLOELC

" AVTIOWUOTO EVAVTL TIPWTEIVWY
TOU TEPLPAAUATOC TOU LoV

VRCO1
®* EupEwc paopatog 3BNC117
€EOUOETEPWTLKA QVTLOWHOTA ;g‘;gf

(Broadly neutralizing
antibodies — bNADbs)

Ibalizumab

PRO 140

= AVTIOWMATO EVAVTL TWV
KUTTOPLKWY UTTOSOXEWV TOU LoV

* Avtiowpata evavti tou CD4 __ m\w\m \m\m '}N{t}{m ’

® AVTIOWMATO EVAVTL TOU
ouvuniodoyxea (CCR5)

albuvirtide
enfuvirtide

CD4

CCR5 o
Coreceptor



TLelvol TA EUPEWC PACHATOC
eEOUOETEPWTIKA AVILIOWLLATA,

= E¢oudetepwon (neutralization): adpavomnoinon Tou wkoU ocwpatdlov HECW TNG
oUVOEDNC UE EVA QVTIOWMA EVAVTL TOU TIEPLPAAMATOC LLE ATIOTEAETLLOL VAL
eumodileTal N mMPookKOAANoN Kol N €lcodoc¢ Tou WkoU cwpatidlov ota KUTTapa
OTOXOUC.
® H efoudeTEPWTLKN LKAVOTNTA EVOC avTlowpatoc AEN etaptatal anod to Tunua Fc
® H ouvdeon ToU AVTLOWMATOC e Tov uTtodoxea Fc elval avamodeukTn Kal YEVIKA WPEALLN.

" QOLmeploootepol aoBeveic pe HIV mapayouv aviliowpato Ta onola dev
€EOUOETEPWVOULV TOV LO N EEO0UDETEPWVOUV LLOVO EVAL ULKPO aApLlOUO OTEAEXWV
TOU LoV

" Meta amo pakpoxpovia ekBeon otLg npwrewsq ToU TEPLBAN portog, EVAG ULKPOC
aplBUOC acBevwy pe Aotpwén HIV mapayel eE0USETEPWTIKA OVTLOWUATA OE
vnAouc tithouc (elite neutralizers)

® oAU LoYUPA AVTIOWLOTA, CUVHBWC TTOAUKAWVLKA

® Efoudetepwvouv evpl daopa oteAexwy (broadly neutralizing antibodies - bNAbs)

® >uvnBwc pecolafel peydho xpoviko dtaotnua (akopa Kot €tn) Hetall tTnc Aoluwéng Ko
TNC ELPAVIONC TOUG

J Virol 2009;83:337-7348
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Presentation Notes
Elite (neutralizing) activity is defined as the ability to neutralize, on average, more than one pseudovirus at an IC50 titer of 300 within a clade group and across at least four clade groups. J Virol 2009;83:337–7348, https://doi.org/10.1128/JVI.00110-09


Implications for vaccine design by studying HIV-1 and \
antibody co-evolution in an individual with bNAbs.

Neutralization

HIV-1 Infection M

Sequential isolation
of virus generating
related immunogens

Immunogens used
for (sequential)
Immunization

Science 2013;341:1199-1204
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Implications for vaccine design by studyingHIV-1 and antibody coevolution in an individual with bNAbs. 
Longitudinal analysis of an HIV-1–infected individual was performed from the time of infection up to the development of bNAbs (80). The evolution of the HIV-1 envelope on the virus drives the diversification of the antibody response. Isolation and sequence analysis of the HIV-1 envelope on the founder virus (red square) and on viruses at later stages (light green to dark green) provides crucial information for generating antigens that can potentially elicit a broadly neutralizing antibody response. Mimicking the evolution of antigens in an HIV-1 vaccine approach is a promising strategy to elicit bNAbs in humans.


Eldika yapaktnplotikad twv bNAbs

YPNnAO eninmedo cwUATIKWY UTIEPUETAAAEE WY
* Anapaitnto yia va emniteuxBel n ouvdeon otLg
g€vrova YAUKOJUALWUEVEC TIPWTELVEC TOU
nepLBAfuatog
MrmopoUv va e€0VOETEPWOOUV O€ XAUNAEG
OUYKEVTPWOELG peEXPL 90% Twv oteAexwy HIV-1
TAYKOOUIWG
Avayvwp(louv MOAANATTAOUC ETUTOTIOUC OTLG
npooekBoAec (spikes) Tou wkoL mepIPARUATOC
2UVNBELC OTOXOL TWV AVTIOWUATWY O€
avamntuén N KAWLKN xpnon:
® (D4 binding site
® Glycan patch surrounding the V3 loop
® The apex of the HIV-1 spike

V1-V2 Loop
PGT121-PGT123
10-1074

V3 Loop
PGDM1400

CD4-binding site

VRCO01-03
3BNC117

__'—"‘—-’_
VIRAL MEMBRANE

N EnglJ Med. 2016;375:2019-2021



Antibody target sites on
the HIV-1 envelope spike

CD4 binding site

b12 iNCO
HJ16  12A12,12A21
NIH45-46, 45-46%*" 8ANC131, BANC134
VRCO1-03, VRC06 ~ CH30-CH34
‘3BNC117,3BNC60  VRC23
VRC-PG04 CH103

Others

8ANC195
2G12

3BC176/
3BC315

Science 2013;341:1199-1204



HIV-Specific Neutralizing Antibodies hy Target

This graphic depicts HIV's spike protein—or envelope (Env) protein—and broadly neutralizing antibodies that target key regions that play a role in infection
of human (host) cells. Antibodies listed in color are those that have been through any phase of clinical testing.

Helps disrupt viral membrane during fusion

8ANCI95  PGT151

of HIV with host cell.
gpl 20_ 41 il'lt el'f ace MPER: Membrane-proximal external region
Where gpl20 and gp41 meet; involved in 2F5 10E8V 10E8.4
structural changes to the Env protein during 4E10 10EBVLS

Inserts into and disrupts host cell membrane,
allowing HIV to release genetic material
into the cell.

ACS20Z  VRC34.01

entry into the host cell.

35022 LNO2Z  SANC 195

gp120 Silent face

A region of the Env protein that
is heavily sugar-coated and has little
functional role in virus entry.

SF12  VRC-PGO5

CD4 binding site

3BNC117 12A12 CH235.12 NGLS VRCO1  VRCO7-523LS
JENCTITLS BANCI31 CH31 NIH45  VRCOTLS  VRCI3
JENCTTILE) - CH103 NA9P7 PG04 VRCO7

Binds to the CD4 receptor on the surface of the host cell, causing structural changes
that allow the gp120 protein to bind to the host cell membrane.

https://www.avac.org/sites/default/files/infographics/AVAC4393 NeutralizingAntibodies R7%20%281%29.pdf

Involved in the initial interaction and resulting fusion between the Env
protein and a coreceptor in the host cell membrane.

10-1074 DH270 PGT121.414.LS
10-1074LS PGT121 PGT128
10-1074LS) PGT121LS PGT135

Involved in a structural change to the Env protein enabling HIV to fuse
and infect the host cell.

CAP256V2LS PG PGDM1400  PGT141-145
CHO1-04 PG16 PGDM1400LS



https://www.avac.org/sites/default/files/infographics/AVAC4393_NeutralizingAntibodies_R7%20%281%29.pdf

[Twc 6pouv ta bNAbs

" Ta bNAbs klvntomoloUv To avooomoLnTko cUOTNA TOU EEVIOTN
LEOW TwWV uTtodoxewv Fc (avoocobeparmneia):
® KaBapon ukwv cwpatdlwy
®* Oywvwvomolnon MOAUCUEVWY KUTTAPWYV UE OTTOTEAECUA EVIOXULEVN
KaBapon Toug
® Mapaywyn avooooUUMAEYUATWY TTOU EVEPYOTIOLOUV Ta SEVOPLTIKA KUTTAPA
e Evioyuon tng mapouvaoiaong avilyovou

* “Vaccinal effect”: emaywyn LoKpOXpOVLWY TIPOCTOTEUTIKWY ATIOKPIOEWVY TNG
gniktnTng avoaiog

® Ermaywyn KUTTAPOTOLLIKOTNTAC LEOW AVTLIOWHATWY (ADCC)
" Ta bNAbs pmopet va eAeyéouv Tov Ko ToANamAaoLlaouo xwpic ART

®* Hxopryynon bNAbs og mpwtelovTa AUECWS LETA TN Aotpuwén e SHIV
00NyNoE 0€ HAKPOXPOVLO EAEYXO TNG AolLweNC. H mapateTapeVn LOAOYLKN
KATAOTOAN 0Tn UEAETN auth odpelotay otn Opdon CD8 T KUTTAPWV.

Nature 2017; 543:559-563
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Antibody dependent cellular cytotoxicity


Potential uses for HIV-1 bNADbs

HIV-1
vaccine
design

Postexposure
prophylaxis

Mother to
child
prevention

» ™ o Y
b
/& P -"/ //{/
u{v"/'f f-r \,./{
HIV-1 HIV-1 HIV-1
vaccine cART functional cure
alternative alternative

Trends in Molecular Medicine

Trends Mol Med 2019;25:220-40



Strategy for induction of broadly
neutralizing antibodies

Prime Boost 1 Boost 2 or more Mature
Stimulate precursor B cells Expand lineages Affinity-matured B cells bnAbs
/__‘_,.——'—_-‘
& .
2 oy ) Y
6 —_— —_—

HIV envelope epitope Antibody classes
CD4 binding site VRCO1, ANC131/CH235
V3-glycan PGT121, DH270
V1/V2-glycan PG9, CHOL, BG18
gp41 MPER 2F5,10E8/DH511
Fusion domain VRC34

Sci Transl Med 2019;11:eaaz2686



KAwIka dedopeva

Meléteg paoswg 1

Alepevvnon aodaAelag,
bAPLLOKOKIVNTLKAG KOL OVTL-WKAG
dpaong
* Xpovog nuuwncg og acBeveic pe Aolpwén
HIV: 3BNC117: 9,6 nuépec, VRCO1: 11
NUEPEC, 10-1074: 13 nuUépPEC
* Meiwon ukou poptiov petd pa doéon (30-
40 mg/kg): ~1.5 log,, copies/ml :
H xopriynon evoc bNAb odnyouoe oe
avaduon avOEKTIKWY OTEAEXWV TOU
LoV, Ta oTtolal OPWC RTa evaiodnta
o€ @A\a bNAbs

Mel€teg paoswg 2

" Alepelvnon tTNG LKAVOTNTAG EVOG
bNAb va dlatnpel TNV WK KOTAoTOAN
otn Stapkela Stakomng tng APT
(Analytical treatment interruptions-
ATI).

= 3BNC117: Pre-screening for sensitivity
* KaBuotépnon TG UTIOTPOTIAG TNG LaLiOG
yla 9.3 eBéouadeg vs 2-3 eBdouadeg os
arAn ATI (xwpig xopriynon bNADb).
= VRCO1: Xwplc pre-screening
* KoBuotépnon UTOTPOTNG LaLpiag yia 4
eBdopadec.
* YMOTPOTEG KOl LE UPNAEG CUYKEVTPWOELG
OVTLOWHOTOG

Nature 2015; 522:487-491, Clin Exp Immunol 2015; 182:289-301, Sci Transl Med 2015;7:319ra206, PLoS Med 2017;
14:1002435, Nat Med 2017; 23:185-191, Nature 2016;535:556-560, N Engl ) Med 2016; 375:2037-2050



[MAeovektnuata bNAbs

" Meyahoc xpovoc nulwnc: 2-3 eBoopadec
® >e nelpopatolwa (pakakol) pia eyxvon anti-HIV-1 bNAb
NMPOOTATEVOE ATO TN LETAS00N TOU LOU UEXPL KAL LETA arto 23
eBdopadlaiec ekBeoeLc.
® O xpovoc Nuwnc pmopet va avénBel 2-4 dopec pe eLoaywyn
ONUELAKWY METAAAEEWY OTO TUNUa Fc Tou poplou
" Mmnopetl va xpnotpormotnBouv yLa mabnTikn avooornolnon
xopnyoupeva urtodopLa ava 4-6 Unvec

" Eupyu dpaopo miBavwy xpnoewv
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Compared to control animals, which required 2 to 6 challenges (median=3 weeks) for infection, a single bNAb infusion prevented virus acquisition for up to 23 weeks. This effect depended on antibody potency and half-life.
Half-life prolongation example: in clinical investigations, an anti–respiratory syncytial virus antibody that carries half-life extension mutations showed neutralizing activity for 240 days after administration in humans.


Metovektnuota bNAbs

[TopoOLK) KATAOTOAN TOU LLKOU TTOAAQTAQCLACUOU

Avamtuén avtoxng Tou ov:

®* Hxopryynon evog bNAb emAEyeL Ta aVOEKTIKA 0€ QUTO OTEAEXN - PETEL VO
xopnyeitat cuvduaopog bNAbs

® Ta avOektika ors)\exn Tou pmopel va avaduBoUv HETA amo xopnvnon bNAbs
elval mBavo otL Ba eival euouo@nta otn ouvnOn ART, epoOcov oL 0TOXOL TWV
bNAbs 6ev emukaAUumTovTal Le autouc Twv ARV

XaUNAN amoteAECOUATIKOTNTA O0TNV HETAd00N TOU LoV amo KUTTAPO
o€ KUTTAPO

ABeBain dpacn otn AavBavouoa detapevn
Xpovoc NULWNC in Vivo CUVTOUOTEPOC TOU QVOLUEVOLLEVOU
MeyaAo KOOTOC, TIPETIEL VA XOPNYOUVTAL TIOPEVTIEPLKA



AVTLOWUOTO EVAVTL TWV KUTTAPLKWY
UTTOOOXEWYV TOU LOU

" bNAbs: avtiowpota gvavtl tou HIV = n xprnon touc odnyet oe
eTIAOYN OVOEKTIKWY OTEAEXWV TOU LOU

" «AvtioTtpodn» MPooeyyLon: avilowpata evavtt tou CD4 n twv
ouvurtodoxewv (CCR5, CXCR4)

® [Mpemel va oUVOEOVTAL [LE TO OTOXO TOUC LOXUPOTEPQ ATIO TLC
npwtelvec tou HIV: iy va cuvdeovtal e to CD4 loyupoTtepa amo TNV
gpl120

® [MpemeL va pnv odnyouv oe e€aAelhn Twyv T KLUTTAPWYV (Vo NV elvo
kuTtapotoéika , non-T cell depleting antibodies): Tpomomnolnevo
KAaoua Fc



HIV-1 neutralizing antibodies
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Schematic interactions between HIV-1 and a T cell in the presence of broadly neutralizing antibodies (bNAbs). 


UB-421

" Fc-aglycosylated, non—T-cell-depleting CD4-specific humanized
1gG1

" [IpogpxeTal amno To avilowpa B4 (movtikia)

= JuvOEETAL UE AOUVEXELC EmLTOMouC Slapopdwaonc oto
oLumAeypa tou umtodoxea tou HIV-1, cupmeplhappavopevou
Ko tTn¢ eploxnc 1 (domain 1) touv CD4

" AvaoTteAEL avTaywvLloTka TNV elcodo tou HIV ota CD4 T
KuTTapQ

" 100% avaotoAn evoc maveA 850 oteAexwv HIV (PhenoSense
drug-resistance assay)



Effect of Anti-CD4 Antibody UB-421 on
HIV-1 Rebound after Treatment Interruption

AocBevelc o€ LK KATOOTOAN
Kata Tnv evtaén (<20
copies/ml

AplBuoc CD4: dev allage
KQTA TN Xoprynon tou UB-
421 oUTE OTO TEAOC TNC
LEAETNC

AplBuoc CD8: avénbnke otn
SLAPKELA TNC XOpNynong Ko
OTO TEAOC TNC MEAETNC

To uKko dpoptio mapepeLve
KOTALOTOALLEVO O€ OAN TN
SLAPKELA TNG LEAETNG

Study Design

Cohort 1
_ UB-421 monotherapy
ART
_ UB-421 monotherapy
—r T T T T T T T T T T T T T T T T T T T*™
-28 -21-14 -7 0 7 14 21 28 35 42 49 56 63 84 112
+ + 4+ 4+ 1+ ¢+ ¢+ 1
Vo V1 V2 V3 V4 V5 Ve V7 VE VI VIO V11 V12
| Il | |
Screening Intravenous infusion Follow-up (ART)
( day -28 to -2)
Day
Cohort 2
_ UB-421 monotherapy
ART
_ UB-421 monotherapy
T T T T T T T T T T T T T I T T T T T T T T T T T T T T ™
28 -21-14 -7 0 14 28 42 56 70 84 98 112119 140 168
1 1 1 t 1 + 1t 1t
Vo V1 V2 V3 V4 V5 Ve V7 V8 V9 V10 V11 V12
| I | |
Screening Intravenous infusion Follow-up (ART)

( day -28 to -2)
Day

N Engl J Med 2019;380:1535-45



KAwikeC pehetec bNAbs

Epitope Single bNAbs Combinations  Strategies
12 27 3BNC117 bNAbs during ART interruption (ATI)
(154 10-1074 s 3BNC117|[[be ]
3BNC117 154 wrl VY vreot |
[ 154 18 e« [ 33 & 3BNC117| [
[ 40 o +10-1074
3BNC117-Ls | (ST 3(1J = [bNADbs for shock and kill
ii S 10r snock ana Ki
hock Romidepsin
-m --El shocl [ +
D4bs| VRCO1 @i'i; | e
EPibs  VRCO 1800 m 35?‘00115;;'?8 T i 10-1074| 2]
—
8-10 17 o |bNADbs to achieve suppression
T4q L34 Cmb;fal";"s y FENCHTOA0TS [f[)
VRCO1-Ls | L8 NAAY 18| ]
50 off ART PGT121/PGDM1400|[_cc_|
VRCO7-LS [VRCO7-LS
10E8V-LS| [oNAbs for prevention
N6-LS | N]f Women in sub-saharan Africa
16 d
14 19 | VRCO1|| km
10-1074 - every
V3 8 weeks  Men/transgender sex with men
10-1074-LS |
PGT121 | |bNADs in newborns
PGT121 & Y within 12
ViV2] PGDM1400 | PGDM1400 | weeks of birth VRCO1
a \r HIV-1 exposed III
10E8V‘LS | 9 6 = s within 72 h of birth

Retrovirology 2018;15:73 DOI: 10.1186/s12977-018-0455-9



Ibalizumab || § ©lesse
TROGARZO®

i For Intravenous Infusion Unly
e Single-dose vial,
Discard unused portion.

" Humanized IgG4 monoclonal
antibody

= JuvheeTal pe TNV epLoxn 2 (D2)
Tou CD4 kal epmodileL Tic
aAAQyYEC OTNV TpLTOoTAYH 3
SLapopdwon ToU CUUTAEYUATOC O.‘J....‘.v.
CD4-gp120 mou obnyouv otnv
eloodo Tou oL oTo KUTTAPO

" Mn oVTOYWVLOTIKOC QVO.OTOAEQC
= ‘Eykplon armo FDA yla tnv
Bepamnela Aolpwénc MDR HIV

® Streamlined trial design

Coreceptor (CCR5 or CXCR4) Host cell

N EnglJ Med 2018;379:645-54
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Streamlined trial design: 1. Smaller number of participants, 2. Virologic efficacy assessment at 7-14 days, 3. Individualized optimized background regimen immediately after Primary efficacy time point, 4. Durability and safety analyses at 24 wks


2XEOLOLOMOC TNC MEAETNC

" Mio opada, avolkt HeAeTn daoewc 3
= 40 aoBeveic pe MDR HIV-1 Aolpwén & uko poptio >1000 copies/ml
®* Meoo uko ¢oprtio: 4.5 log,, copies/ml, & peoog aplBuog CD4: 150/mll
" KUpLO KATOANKTLKO oNUELD: TO MOCOOTO TwV acBevwy pe pelwon wkou goptiou
>0.5 log,, copies/ml petaév tng nuepag 7 (baseline) kat tng nuepag 14.

Ibalizumab

maintenance
Ibalizumab Add dose, 800 mg
loading dose, optimized intravenously
2000 mg  background every 14 days

intravenously  regimen until wk 23
Functional
. Control : .
Screening . monotherapy Maintenance period
period .
period
/i
| I I I I 7/ ]
Wk Day Day Day Day Wk
-6 0 7 14 21 25
(baseline)

N EnglJ Med 2018;379:645-54
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single-group, open-label, phase 3 study, we enrolled 40 adults with multidrug-resistant (MDR) HIV-1 infection in whom multiple antiretroviral therapies had failed. All the patients had a viral load of more than 1000 copies of HIV-1 RNA per milliliter.



Virologic response

Table 2. Virologic Response before and after Loading Dose of Ibalizumab and at 25 Weeks in the 40 Study Patients.*

Response Before and after Loading Dose Week 25

Functional
Control Period Monotherapy Period P Value

Decrease in viral load of =0.5 log;o copies/ml 1(3)7 <0.001 25 (63)
— no. (%)

Decrease in viral load of 1.0 logo copies/ml 0 24 (60) NA 22 (55)
— no. (%)

Mean change in viral load from baseline 0.0+0.2 <0.001 -1.6+1.5

— logyg copies/ml

MetaU twv 10 aoBevwy mou eixav LOAOYLKN arotuxia f UTtoTpoT, in Vitro EAeyxog
€6eLte otL oL 9 elxav xapnAotepo Babpo evaloBnaiag npog to ibalizumab og cUykplon
LE TIPLV TN XOpPrynon

N EnglJ Med 2018;379:645-54



Ibalizumab for Multidrug-Resistant HIV-1

SINGLE-GROUP, OPEN-LABEL, MULTICENTER, PHASE 3 TRIAL

Control Functional =~ Maintenance
HIV—g): Period  Monotherapy Period
(Days 0-6) (Days 7-13) (Day 14-wk 25)
Ibalizumab —/)k\
blocks entry
of HIV-1 -
/4 - ,
X—:@: Current Current  Ibalizumab Optimized Ibalizumab
therapy therapy (Day 7,  background (800 mg
2000 mg) regimen every 14
Patients with viral load days)
decrease 20.5 log, , copies per 39, 839, 63%
milliliter from baseline (1/40) (33/40) (25/40)

Ibalizumab had significant antiviral activity, reducing viral load over 24 weeks

Emu et al. 2018
N Engl ) Med 2018;379:645-54

The NEW ENGLAND JOURNAL o MEDICINE



Avtiowpoto Anti-CCR5S

" AvOPWTTOTIOLNUEVO LOVOKAWVLKO QVTLoWLLA

" H unmodopLla xopnynon PRO-140 (anti-CCR5 mAb) diatrpnoe
23/41 aoBevelc og LOAOYLKN KOTAOTOAN META TN SLAKOT TNG
ART

" H yopnynon PRO-140 pelwoe tnv towpia (1.0 - 1.7 log10) o€
atopa tou dev elyav AaBeL mponyouevn Beparmela

J Infect Dis 2010; 201: 1481-7, HIV Clin Trials 2018; 19: 85-93



B u.s. National Library of Medicine

ClinicalTrials.gov

Showing: 1-26 of 26 studies studies per page

TpExouoeC KALVLKEC HLEAETEC

AVTIOWHATWY oTn Aolpwén HIV

‘ Show/Hide Columns

.

Row | Saved Study Title Interventions
1 Safety and Pharmacokinetics of the Combination Broadly Neutralizing Antibodies, 3BNC117-15-J and 10-1074-15-J, in Healthy American and African Adults * Biological: 3BNC117-15-J
* Biological: 10-1074-LS-J
* Biological: Combination 3BNC117-1S-J and 10-1074-LS5-J
e (and 4 more...)
2 N-803 Combined With the Broadly Neutralizing Antibedies Plus or Minus haNK Cells for HIV * Biological: N-803 and bNAbs
* Biological: haNK™ Cells
3 10E8.4/iMab Bispecific Antibody in HIV-uninfected and HIV-infected Adults * Biological: 10E8.4/iMab
4 Combining TLRS Agonist With bNAbs for Reservoir Reduction and Immunological Control of HIV * Drug; Saline
* Drug; Lefitolimod
* Drug: 3BNC117 and 10-1074
5 Combination Therapy With VRC-HIVMAB0&0-00-AB (VRC01) and 10-1074 in HIV-Infected Individuals Undergoing Sequential Treatment Interruptions * Biological: VRC-HIVMABOE0-00-AB (VRCO1)
* Biological: 10-1074
* Biological: Normal Saline Placebo
6 A Phase 1/2a Study of PGT121, VRC07-523LS and PGDM1400 Monoclonal Antibodies in HIV-uninfected and HIV-infected Adults + Biological: PGT121 +VRC07-523LS
» Biological: PGT121 +VRC07-523LS + PGDM1400
7 Albuvirtide and 3BNC117 as Long-Acting Maintenance Therapy in Virologically Suppressed Subjects * Drug: Albuvirtide
« Drug: 3BNC117
+ Drug: Baseline ART
8 Peg-Interferon Alpha 2b Combined With Two Intravenous Broadly HIV-1 Neutralizing Antibodies 3BNC117 and 10-1074 (BEAT-2) + Drug: Pegylated Interferon alpha 2b (peg-IFN-c2b)
* Drug: 3BNC117 +10-1074
9 Combination Therapy With 3BNC117 and 10-1074 in HIV-Infected Individuals « Biological: 3BNC117 and 10-1074
« Biological: Normal saline placebo
10 3BNC117 and 10-1074 in ART-treated Individuals « Drug: 3BNC117

Drug: 10-1074

Other: Analytical treatment interruption




Immune Checkpoint Inhibitors



Antigen-presenting cell ‘
P

A e e A

\ T cell

> NUela eAeyyou tNG
QVOOOAOYLKNC QTIOKPLONG
(Immune chekpoints)

PDL1 or PDL2 ¢

CD80or CD86 €

= Mopla ta omota puBuilovy tnv
QVOOOAOYLKN OTOKpLoNn

* Aleyeptikd: CD27, CD38, CD40, CD122

® AvaotaAtika: B7-H3, B7-H4, CTLA4, KIR,
PD1

= H Aettoupyla Touc elval kplowun yLa th
dtatripnon tng avto-avoxnc (self-
tolerance).

" Ta VEOTAQOMATIKA KUTTAPO LITOPEL va
EKMLETAAMELBOUV T AVAOTAATIKA onpela
eAéyyou, wote va Staduyouv amo tnv
QVOOOAOYLKN ETUTAPNON KoL KataotpodH.

MHC class 1 or Il

CD137L

OX40L




Immune checkpoints: PD1: Programmed cell death protein 1
CTLA4: cytotoxic T-lymphocyte-associated antigen 4

CTLA4 to
cell surface

CD80
or CD86_ CD28

Intracellular
vesicle

Peptide
MHC Naive or resting T cell

Co-stimulating

Trafficking
of Tcells to
peripheral
tissues

—

Co-stimulating

Priming
of T cells

Antigen-experienced T cell

Nat Rev Cancer 2012; 12: 252-264
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Nat Rev Cancer 2012; 12: 252–264
Immune checkpoints regulate different components in the evolution of an immune response. 
a | The cytotoxic T‑lymphocyte-associated antigen 4 (CTLA4)-mediated immune checkpoint is induced in T cells at the time of their initial response to antigen. CTLA4 functions as a signal dampener to maintain a consistent level of T cell activation in the face of widely varying concentrations and affinities of ligand for the TCR 
b | By contrast, the major role of the programmed cell death protein 1 (PD1) pathway is not at the initial T cell activation stage but rather to regulate inflammatory responses in tissues by effector T cells recognizing antigen in peripheral tissues. Activated T cells upregulate PD1 and continue to express it in tissues. Inflammatory signals in the tissues induce the expression of PD1 ligands, which downregulate the activity of T cells and thus limit collateral tissue damage in response to a microorganism infection in that tissue. The best characterized signal for PD1 ligand 1 (PDL1; also known as B7-H1) induction is interferon- γ (IFNγ), which is predominantly produced by T helper 1 (TH1) cells, although many of the signals have not yet been defined completely. Excessive induction of PD1 on T cells in the setting of chronic antigen exposure can induce an exhausted or anergic state in T cells. MHC, major histocompatibility complex.



Anti-PD-1
Anti-PD-L1

Tumor cell
Proliferation 1 Proliferation | Proliferation |
Effector cytokines 1 Effector cytokines | Effector cytokines |
- Cytotoxicity 1 Cytotoxicity | Cytotoxicity |

EurJ Immunol 2017;47:765-779



E¢avtAnon T AepdokuTTapwy Ko
PD1/CTLA4

‘Evac pnyaviopoc mpootaoiloc armo TIC LoTkeC BAABEC TNC MAPATETAUEVNC
QVOOOAOYLKNC ATTOKPLONC TIOU XOPAKTNPL(EL TLC XPOVLEC LOYEVELC AOLULWEELC
elval To palvopEeVo TNC aVvooOAOYLKNC e€AVTANONC TwV T AeUdPOKUTTAPWV.
® E¢avtAnon T Aepdokuttapwy: H e€aoBevnon Twv SpaoTIKWY (EKTEAECTIKWV)
AELTOUPYLWV TWV T AeUPOKUTTAP WY OTA TTAALOLA XPOVIWY AOLLWEE WV
H xpovia Oteyepon odnyel oe avénuevn ekdpaon twv PD1 & CTLA4 ota T
AepdokutTapa.

H ocuvbeon twv PD1 & CTLA4 pe touc avtiotolyouc ouvdetec touc (PDIL &
CD80 avtiotowa) odnyel oTNV avaOoTOAN TNC LETOYWYNC ONLLATOC
eVOOKUTTAPLA UE TEALKO QTIOTEAECLLAL TNV AVOLOTOAN TTAPAYWYNC
KUTTAPOKLVWYV KOl TNV QTOMTWoN TOU KUTTAPOU

® AvoooAoylkr e€avtAnon ) avepyla

H avénuevn ekdpaon Twv avaoToATkwy utodoxewv PD1 & CTLA4 amotelel
«Selktn» avoooAoyLkng e€aviAnonc Twv T AeudOoKUTTAPWV.




H onuoaoia twv PD1/CTLA4 otn Aolpwén HI

2e un Bepanevopevn Aotpwén HIV, ta eldika yia tov HIV CD8+ kuttapa untepekppalouv
PD1 avdloya UE TNV EKTTTWON TWV OPACTIKWY AELTOUPYLWV TOUC.

® QO in vitro amokAelouog tou PD1 amokaBLotd TNV LKavotnTa MOAQTAACLACUOU TWV KUTTAPWVY
QUTWV.

H exppaon tou CTLAZ amo ta elOka yia tov HIV CD4+ T kuttapa elval auénpevn o oAa
TO ATOpA UE Aotpwén HIV

® QO invitro anokAelopog tou CTLA4 obnyel oe onpavtikn avénon tou MoAAamMAQcLaoUoU TWV
KUTTAPWY QUTWV.

H exppaon delktwv avoooloyiknc e€avtAnong (PD1, TIM-3, LAG3) mpoBAEmeL TO XpOVO
UTTOTPOTINC TNC Lapiag og Stakormn tng ART.
H ékdpaon twv dektwy PD1/CTLA4 ota CD4+ T kUTTapa ouoxeTileTal Pe To moco tou HIV
DNA (proviral DNA) tou KuTttdpou

® MBaVWC UTIAPXEL CUOXETLON METAEL TwV poplwv PD1/CTLA4 kal tng AavBavouoag de€auevnig.

Ta kUTTopa tou ekpAlouV HopLa avoooAoykoU eA€yxou dpaivetal OtL armoteAolV LeyAAo
HEPOG TNG AavBavouaoag Se€apevig kat ou LUETEXOLV otn Slatrpnon tne.

Nat Med 2009;15:893-900, Nat Commun 2015;6:8495, PLoS One 2018;13:e0193829, Front. Immunol. 2018;9:2339



Nwc pmopel va xpnotpomotn8ouv oL avo.oToAE(C TwWV z
onuelwv eAéyyou (ICl) otnv HIV Aoluwén; \

" Evioxuon twv 6paoTIKWV (EKTEAECTIKWY) AELTOUPYLWY TWV ELOLIKWV YL
tov HIV CD8+ T AepdoKkuTTapwy

® |n vitro 6edopEva: amoKaTAoTAON TwWV OPACTIKWY AELTOUpYLWY Twv CD8+ T
AEUPOKUTTAPWY UETA ATO ATIOKAELOMO Tou PD1

® |nvitro 6edopeva: AntokAelopoc CTLA4 odnyel og avénon NG Latpiog Ko tTne
gvepyomoinonc Twv T KUTTAPWV

" Avaotpodn TN AavBavouoac Kataotaong Tou Lou

® ATIOKAELOMOC TwV IC =2 MEPLOPLOUOC TWV AVAOTOATIKWY ONUATWY =2 avénon
NC €kdpaong yovidilwy =2 mopaywyn WKWV TpWTEiVWY =2 alon tng
AavBavouooac kataotaonc.
" Emeldn) ta CD4+ T kuttapa ekppalouv TTOANXTTAGL LOPLOL ONUELWV
e\EyxoUL elval TBavo otL Ba xpelaoTel xopr)ynon mMoAAATAWY
QVOOTOAEWV.
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[MBavec dpaoelc twv ICI otnv Aotpwén HIV

IC Inhibitors Anti-PD-1

antibody LT

PD-1
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—_— _— — rﬁg:n:p(\
HIV infected Cell activates Viral protein :
CD4* T cell transcription production R
Virus induced cell
death or immune
mediated clearance A
Anti-PD-1
antibody
PD-1
— ——
Exhausted Effector function
CD8* T cell restored

Front. Immunol. 2018;9:2339



Clinical Trial of the Anti-PD-L1 Antibody BMS-936559 in
HIV-1 Infected Participants on Suppressive Antiretroviral
Therapy

" Phase |, randomized, double-blind, placebo-controlled, dose-escalating
study of BMS-936559 (anti-PD-L1 monoclonal antibody)

" H|V-1-infected adults aged >18 to <70 years on suppressive antiretroviral
therapy with CD4+ counts >350 cells/plL and detectable plasma HIV-1 RNA
by single-copy assay

" Eight men enrolled: 6 received 0.3 mg/kg of BMS-936559, and 2 received
placebo infusions.

" There were no BMS-936559-related grade 3 or greater AEs.

® |n 1 participant, asymptomatic hypophysitis (a protocol-defined immune-related
AE) was identified 266 days after BMS-936559 infusion; it resolved over time.

" The mean percentage of HIV-1 Gag-specific CD8+ T cells expressing IFN-y
increased from baseline (0.09%) through day 28 (0.20%; P=.14), driven by
substantial increases in 2 participants who received BMS-936559

J Infect Dis 2017;215:1725-33



AN KALVIKO dedopEVQL

= Xopnynon ICl yia tn Bepamneio kakonBwv veomAaopatwy o€ acBevelc
ue Aotpwén HIV.

= Avtikpouopeva 6€S0OUEVA OXETIKA LLE TNV EMLOpAON OTLC
QVOOOAOYLKEC TTAPAETPOUC TNC Aolpweénc HIV
® Case report: MeAavwpa — anti-CTLA4 + anti-PD1: Avénon tnc petaypadnc
TOU oL — rBavn avaotpodn TNC AavBavouoac KATAoTaonG
® Registry patients: NSCLC — anti-PD1: xwpic aA\ayEC 0To UKO GOPTLO KAl OTOV
aplOuo Ch4

" AodaAela & AmMOTEAEOUATIKOTNTA: AVTLOTOLXN ME TOUC UTIOAOUTOUC
aoBevelc

Ann Oncol 2018;29:1065-6, AIDS 2015;29:504—6, AIDS 2018;32:1491-7, JAMA Oncol. 2019:10.1001/jamaoncol.2018.6737



Immune checkpoint inhibitors
2uvoln

Ta pHopLo AVOOOAOYLKOU EAEYXOU EXOUV ONLLAVTIKO pOAO 0Tn maboyeveon
™TNnc Aotpwénc HIV
® Juppetexouv otn Stadikaoia tTng avoooAoyIkng e€AvtAnonc tTwy T
AEUPOKUTTAPWV
® MBava epmAekovtal otn dnuoupyla Kal tn cuvtipnon tnc AavBdavouoog
detapevnc Tou Lov
H avaotoAn Twv poplwv eAeyxou umopel (Bewpntika) va xpnotuormnoinBetl
yLloL TNV evioyvon Twv OpaoTKwY AelToupyLlwyv Twv CD8+ T AepudokuTTapwy
KoL yLoe tTnv avootpodn tng AavBavouoac Oe€auevng
Ta dedopEVA TTOU UTIAPYOUV TIPOC TO TIAPOV elval Alya kat kuplwc in vitro

Qatvetat ot n xopnynon ICl oe acBevelc ue HIV kal kakonBn veomAaouata
elval e¢loou aodPaAnc e Touc uTtoAoLouc aoBevelc.



Chimeric antigen receptor T cells



= OLoTpaTnyLKEC avaoTtpodnc tnc AavBavovoac deéapevnc dev
ETAPKOUV yLa TNV €EAAELPN TNC

= Elval amapaltntn n oxupn avti-ukr §pacn Tou avoooToLnTIKoU
ovotnpatoc (“kick and kill” strategy)

® H JuoAeltoupyla N KoL N aAVvOoOAOYLKN €€AVTANON TWV ELOWKWV yLla Tov HIV
KUTTaPOTOE LKWV T Aepudokuttapwy (CTLs) kaBwc ko N GUOLKH ATOUOVWoN
LeTal Twv CTLS Kol TwV LOAUOUEVWY KUTTAPpWV eumodilouvy tnv KaBopon
TWV LOAUOUEVWY KUTTAPWV

" H avadopnon tng KUTTAPLKNC AVOOOAOYLKAC ETILTNPNONG KE TTaBNTIKN
uetadopa (adoptive transfer) avtoAoywyv, MOANATTAQCLOCOEVTWY ex
vivo eldkwyv yla tov HIV, CD8+ T KUTTAPWV UMOPEL Vo ammoTeEAEL pLa
eTULAOVYN).



Tt etvat ta CAR-T kUTTOpQ

" Ta puololoyika T kuTTApA avayvwpllouv UKPA TIETTTLOLKA avTlyova
(LExpL ~15 memtidla) Ta omotla mapouotalovtol ano Ta popta MHC
taéewc | kat Il - MHC restriction

= CAR-T kUttapa: levetka tpomomnolnpeva T AepdokUTTOpa ota omnola
0 Kavovikoc umtodoxeac (T-cell receptor — TCR) €xeL avtikataotabetl
QTIO £VOL TEXVNTO UTIOOOXEQ TIOU ATTOTEAELTAL ATIO VA EEWKUTTAPLO
TUN O TTOU avayvVwpLllel avtlyovo o€ cuvOUAOoUO UE Eva
evOOKUTTAPLO TUAMA LETAYWYNC EVEPYOTIOLNTLKOU OAUATOC.

" Ta CAR-T kUTtTapa avayvwpllouv avilyova KUTTAPLKNC EMLPAVELOC
otn $uoLKr Toug pHopdn, xwpic mepLloplopd MHC



Kuttapotoélkn Opaon GUCLOAOYLKWV
T AepdokuTTapWy

T cell recognizes infected cell

Infected cell is programmed for death

ZUPTTAEYHO
MHC-
mETTIOIKOU
avtiyoévou

Janeway’s Immunobiology, 9t Ed 2016



Ta CAR-T kuttapa avoyvwpl{ouv To 0TOX0 TOUC
avetaptnta amno to MHC

Proinflammatory IL-2
cytokines ¢ o IFN-y
< A TNF-q
e -~ L-12
ad A IL-

CAR engineering & e e
® Granzyme-B il ]
@ Perforin e @
Patient T cells MHC-independent Target-cell lysis

natural antigen recognition

Curr Opin Virol 2019;38:21-30



[eviec CAR-T kuTTtQpWV

Ectodomain

Transmembrane

(‘

4-1BB, 0X40

CD28
Endodomain <

CD3¢

L

1st generation
(single signaling)

2nd generation
(dual signaling)

3rd generation
(multiple signaling)

A .
).‘.. Cytokines
» v 4

4-1BB, 0X40

CD28 @

CD3¢

4th generation
(cytokines co-expression)

Curr Opin Virol 2019;38:21-30


Presenter
Presentation Notes
The so-called fourth generation of CAR-T cells have been created, which express various co-stimulatory ligands or pro-inflammatory cytokines including IL-2, IL-5, and
IL-12.


CAR T-cell Therapy

T cell Make CAR T cells in the lab

Remove blood from
patient to get T cells

Insert gene for CAR
0
\ T cell
‘j e .. {

"GA {f Chlmerlc antigen

receptor (CAR)
\f
: CAR T cell " .
CAR T cells bind to cancer
cells and kill them C A
C ”, A‘T
sdigle st _
7 G & : .l |
X o Lot
U cancer cell el =
Antigens | Grow millions of
P e p | . | CART cells
i = PEF CART cell |
Vo 3D 2 sbet
et L L
_ ‘ R | .
st Infuse CAR T cells
PP 4 | Cqueenssll 7 into patient
A \ —

Center for Cancer Research - National Cancer Institute
https://ccr.cancer.gov/news/article/overactivating-car-t-cells-interferes-with-their-ability-to-fight-cancer-in-mice



https://ccr.cancer.gov/news/article/overactivating-car-t-cells-interferes-with-their-ability-to-fight-cancer-in-mice

KAwika 6edopeva CAR-T kutTOpQ

® ClinicalTrials.gov: 383 kAwikec peAetec pe CAR-T kutTapa
(28/11/2019)
® 65% apopoUlV aLUaTOAOYLIKEC KakonBelec — 80% amo autec adopouyv
CD19 CAR-T kuttapa
= 2017: eykplon aro to FDA duo CAR-T Bepamelwyv (Kymriah &
Yescarta) yia tn Bepareia tne B-cell ALL ko Tou dtaxutou
AEUPWUOTOC Ao peyaia B kuttapa



CAR-T kuTttapa yio tn Aolpwén HIV

Ertthoyn tou otoyou

CAR-T vntodoyeac: e€wkuttaplo Tunpa tov CD4 oe cuvbuAOUO LE TO
evbokuttaplo tunpa tng CD3C ahvoou (CD4z-CAR)

To poplo CD4 tou CAR-T kuTttapou avayvwpilelt tnv gpl20 ota
LLOAUOLLEVA KUTTOPO UE ATIOTEAECHA TNV ETUAEKTIKN KATAOTPODI) TWV
LLOAUOLLEVWY KUTTOPWV

APXLIKEC KALVLKEC EAETEC (€.2000): aodainc Beparmeia, LETPLO QVTL-
LLKO QTTOTEAECOL
NewTtepec yeviec CAR-T kuttapwy evavtil tou HIV:

® Depouv eVOOKUTTAPLA TANHATA ONUATOO0TNONS CUVOLEYEPTIKWY poplwv (Y
CD28)

® [N va amodpevxBel n poAvvon twv CD4-CAR-T kuttapwy ano tov HIV, o
XLHaLpkoc umtodoxeac ekppalel avaoToAe(C TNG ouvTnENC.



Newtepa CAR-T kUTTOpQ

Avti Tou CD4 dpepouv TO LETAPBANTO TUNHA EEOUDETEPWTIKWY AVTLOWUATWY
gupewc dpaopatoc (bNAbs) kat evOoKUTTAPLO TUAUA 215 1} 3M6 yeviag

Qovelouv amoteAeoUATIKA in vitro, kKUTTapa tng AavBavouoag Oe€apevn amo
aoBevelc mou AapBavouv ART, Ta omola €xouv evepyormolnO«.

® [leploocotepo dpaotikd armod ta CD4-CAR-T kUTTOpQ
AmAnc eldikotntac (bi-specific) CAR-T kUttapa: otav ta CAR-T kUTTOApa EPOUV
Tunpo bNAb mpemel va elval SIMANC edilkotntac wote va anodpeuxBel n
avaduon KUTTAPWY HOAUCHEVWY e avBekTika ota bNAb oteAéxn tou LoU.

Evowpatwon tou CAR 0TO YEVETIKO UALKO HEOW adeVoiwy GopEwWV
Evowpatwon tou CAR o€ apxeyova alpomonTIka Kuttapa

Evepyomnoinon €ktomnnc ekppaonc CXCRS ota CAR-T kUTTAPQ, UE ATMOTEAECUA VAL
Luropouv va eloeABouv ota Aepdolidla katl va poveuoouv AavBavovta
LoAuoueva BonBntika T kUTTOPQ

J Virol. 2016;90:9712-9724



m) U.S. National Library of Medicine

ClinicalTrials.gov

Find Studies ¥ About Studies v Submit Studies ¥ Resources ¥ About Site v

Modify Search Start Over

3 Studies found for: Chimeric Antigen Receptor T-cells | HIV/AIDS

Row | Saved Study Title Interventions Outcome Measures
1 ] The Effect of Chimeric Antigen Receptor (CAR)-T Cell Therapy on * Biological: CAR-T cells # Incidence of treatment-associated adverse events of
the Reconstitution of HIV-specific Immune Function CAR-T cell therapy

® HIV-1reservoir

o HIVviral load rebound time

2 | Effect of Chidamide Combined With CAT-T or TCR-T Cell Therapy on e Biological: Chidamide with CAR-T e Incidence of treatment-associated adverse events

HIV-1 Latent Reservoir or TCR-T cell therapy o HIV reservoir
3 L] CD4 CAR+ ZFN-modified T Cells in HIV Therapy * Biological: CD4 CAR+CCR5 ZFN * Number of subjects with treatment related adverse
T-cells events.

* Compare the percentage of enriched modified CD4
CAR+ CCR5 ZFN cells and their subsets.

e Compare the change in CD4 count.

(and 5 more...)




AodaleLa

" MBavn averuBuuntn evepyeta CAR-T kKuttApwV: Hallkn
armeAevBOEpPWON KUTTAPOKLVWY (cytokine storm)

® H mbavotnta autn €lval pkpn otouc acBevelc pe HIV eéattiac tou
MLKPOU TTOOOU TOU AVTLYOVOU TTOU UTTAPXEL.
" Evowpatwon «yovidblwv avtoktoviac» ota CAR-T kuttapa (my
ETIAYWYLLLN KooTtaon 9) ooav Lnxaviopo aopaletac o
nepmTtwon epLdavionc avemBUINTWY EVEPYELWV.



The CAR-T cells possess the possibility of ,
long-term immune surveillance on HIV-1 §
reservoir.

= The ‘shock and kill’ strategy could be useful

CAR-T in reducing the size of HIV-1 reservoir.

- o = Although bNAb could eradicate the residual
(/-(\7)-&%\8@ e e HIV-1-producing cells and persistently
Cececen Cecouo suppress viral replication, it suffers from a

eART | o short half-life in vivo. Thus, this approach
CC) requires frequent injections, otherwise the

C{,-{Qf_-;%’% viremia would rebound soon.

PITIIE " |n contrast, CAR-T cells could act as a ‘living

| drug’ with the potential of self-renewal and

% long-term survival in vivo. This approach

TN therefore may provide long-term immune

(_'.‘f(}gf‘:u’i'.;.'(; surveillance on viral reservoir without the

continuation of combination ART (cART).

) CD4* T cell £ HivA
=
@. Latent-infected CD4* T cell @e CAR-T cell
@ virus-producing CD4* T cell Y= bNAb

S O ey Curr Opin Virol 2019;38:21-30




CAR-T kuTTOpQ
2uvoln

" T AepdokUTTapQ LLE TPOTIOTIOLNLEVO UTIOO0XEQ, O OTIOLOC

avayvwplleL avtyova otn GuoLKr Touc popdn

2TPEPOVTAL LLOVO EVAVTIOV KUTTAPWY LOAUCHEVWY arto tov HIV
“Living drug”:

®* Makpoypovia enipiwon (in vivo: 10 €tn)

® AuvoToTNTA TIOAAATTAQCLOOLOU AV UTTAPEEL AvAyKN

Mrmopel va xpnotpomnotnBouv oe cuvdUACUO LLE TTAPEUPACELC
avaotpodnc tnc AavBavouoac decapevnc

KAWLKEC peAETEC paoewC 1 UTIO €EEALEN



5. BRET
FE 21T, 1313

«Evat Tt€(oL YALWV prIAlwV
XpXldeL pe éva povo o>

Lao Tzu, “Tao Te Ching”, Book 2, LXIV, 153
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