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v'Yakin vadede beklenmiyor...

v'Caligmalar devam ediyor....
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Steril Fonksiyonel
- Tiim HIV DNA'nin (rezervuar) - Latent HIV (+)
eliminasyonu - Rezervuar eradike edilmeden
v immiin kontrol

- ART'siz viremi (-) ya da disuk
diizeyde viremi

Hibrid

Towards an HIV cure: a global scientific strategy. Nat Rev Immunol 2012 Jul 20;12(8):607-14.
Dahabieh MS, et al. Annu Rev Med .2015;66:407-21.
Cillo Ar, et al. Current Opinion in Virology 2016, 18:14-19



Steril/fonksiyonel kiir

TABLE 1 | Differences betwesn the Berln and London Patients and other Patients.

Patients Malignancy types

ART regimen Conditioning regimen HSC donor Virad load after HSCT ART intarruption Viral reméssion  Virad
rebound
Berkn Pution| Acute mysiold eukema ERV, FTC, TDF HECT ¥1: FLAMSA, CTX, ATG, 10V10 HLA match; Urdelectabie Dty of HSCT Over 12 yours No
TBL HECT #2: AraC, GO, TRl homaozygous Jar CCRS
Lanoon Faben Foagan hproma. - EFV. TG, TOF, RALTIY, 516, E B-CO52 W10 HLA match UrOBIECtADE 16 MO MG HOGT - Over 3 yaars N
013 homozygous sor CCRS I
——
Dssekdor] Pathet Acute mpold eukemia FTC, TOF, DRY, RAL, ABC, Fha, Trew 1010 HLA match; Urdetectabie 4 yuars after HSCT NA No
471G, DTG CCRS dukal2
Mroescia Pabet  Acute yrmphioblasto eukersa AZTATC IOV AZTLAM, RC Futd) W8 HLA-matched, ABO-  Datoctabie of 56 days after MSCT 2 yaurs after HSCT 288 duys Yes
TORFTC. ATV/rtv, RAL maiched; wid-type CCRS  Uridetectable at 91 days after NSCT
araynne
Boston Patents A Hodghn imphoma ALEFV, FTC, TDF, RAL, DRV A RIC chamotharspy busuban, Al 778 HLA match; without A Uncspotalis A 4.3 yaars after HSCT A B4 days A Yas
) CCAHS dehai?
B: DBusa arge B-cdl B BV, F1C, TDF, NFV, ABC, B RIC chamothaenspy pusutlan,  8: 88 HLA match; wihout B Undatectabin B! 2.8 yoars after HECT B 225 days 8 Yas
hrphoma RAL 27] CCRS dekal?
Eszen Pabert Aaaplasac lrge-odl ymphame LAY, TOF, FTC, 3TC, ABC, ATG, CSAMTX 10710 HLA match Urdetectable T caays before HSCT 20 days Yes
RAL hamozygous for CCRS
dattadZ
Mazssipp baty AZT, 310, NVP, PV began 18 and 23 monthg of age 27 monihs Yos
receding ART 30 hours aiter
bith

EFV, alawenz, FIT, eminchatine; TDF, fenalow alsopvan umarate RAL, ratagrav; AIFY, aloWing, 310, smivudng: OTG, doltegravn; DRV, dannany; ABC, atacaw; LPVI, monawr-Docsted ionan AFY, nefinavy; AZT, 200axng LAY, Smbuding;
NP, reviraging,; XDV, vy, riv, ntonar; ATV, slazanay; RMe( Sudyatineimegshatsy FLAMSA, Rudarabine, Ar-C, and amsecrine; CTX, cpclaphosphamide; ATG, andi-thymacyle globuln;: THI dota-body imadiationy A-C, cyfarabing: GO, panflsumsty
axgermiony LACE, orustng, A C, cyclophosphamide, elepass; (R fuderaboe; Treo, rosaon; AC, reducad-nlansty condtonng: CSA, cyaspamna-A IMTX, methotrexate; NA nod avalable,

Ding J, et al. Knowledge From London and Berlin: Finding Threads to a Functional HIV Cure. Frontiers in Immunology 1 May

2021 | Volume 12 |
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HIV PATHOGENESIS AND TREATMENT (AL LANDAY, SECTION EDITOR)

Post-Treatment Controllers: Role in HIV “Cure” Research

Leslie R. Cockerham ' - Hiroyu Hatano” - Steven G. Deeks®

4 Sprnger Science+Business Madia New Yok 2016

Abstract Descriptions of individuals who are able to con-
trol vimal replication in the absence of antiretroviral ther-
apy after receiving shot-temn therapy eady in infection
(“post-treatment controllers™) has generated excitement
and controversy within the field. As with natural or “elite”
controllers, these cases provide hope that a long-term re-
mission or “functional cure” might one day be possible,
Here, we review what is known and not known about
these cases and discuss the immunologic factors that
may allow these unique individuals to be maintain viral
control and may be important for future curative
strategies,

Keywords HIV infection - HIV latency - HIV viral rebound -
Teell activation - Post-treatment controllers - Antiretroviml
therapy

Introduction

Individuals who naturally control HIV rephcation in the ab-
sence of therapy provide the strongest evidence that a remis-
sion may one day be achievable. Approximately, 1 % of indi-
viduals who acquire HIV are able to control the virus to bedow
the level of detection for vears to decades [ 1], These so-called
“elite” controllers have been extensively studied and reviewed
elsewhere [1-3]. Here, we discuss a possible new clinical
phenotype that has genemated both excitement and controver-
sy: individuals who presented with early HIV infection, who
appeared unkkely to be heading toward a state of “elite” con-
trol, who started and ranained on ART for severl vears, and
who stopped therapy and faiked to exhibit the expected viml
rebound, These “post-treatment controllers” (PTCs) may in-
deed be a newly desenbed phenomenon or they may simply
be elite controllers whose natural history was interrupted by a



CHAMP

b Control of HIV after Antiretroviral Medication Pause

v' Kanada ve ABD'den 10 randomize kontrolli ve 4
kohort calisma

v' Ortalama tedavi siiresi 2 yil

v 67 post-treatment controller:
erken tedavi:7%13
kronik enfeksiyon:7%4

v'5 yil remisyon (HIV RNA<400 kopya/ml): %22

v' Erken tedavi baslanan grupta az oranda 10
yillik remisyon

Namazi G et al. The Control of HIV after Antiretroviral Medication Pause (CHAMP) study: post-treatment controllers identified
from 14 clinical studies. The Journal of Infectious Diseases,



The Journal of Clinical Investigation REVIEW

How elite controllers and posttreatment controllers
inform our search for an HIV-1 cure

Jonathan Z. Li' and Joel N. Blankson®
'Dvidon of nfzctioe Nsroees, Bgram ard Women's Hesp tal Harnvend Mediza Sevool Boston, Neesactuaetts, LSY. Cesty for 0106 Resesrch, Dzportment of M iiee, [ures Hophiss Uniaesity,
Baltimmee, Narpand, (B4,

A small parcantage of people living with HIV-1 can control viral replication without antiretroviral therapy (ART). These patients
are called ellte cantrollers (ECs) If they are able ta malntain viral suppression without Initiating ART and pasttreatment
controllers (PTCs) if they control HIV replication after ART has been discontinued, Both types of controllers may serve as a model
of a functional cure for HIV-1 but the mechanisms responsible for viral control have not been fully elucdated. In this review, we
highlight key lessons that have been leamed so far in the study of ECs and PTCs and their implications for HIV cure research.



CPs ECs

Viral load

PTCs

ART

Time
Prevalence™ >80% <1%
% with protective HLA alleles 10%—-20% 40%-80%
HIV-specific CD8* T cell response - +4++
Reservoir size 44 -
Clonally expanded latent cells ++ 4+

~13%—15% (early-treated)
<4% (chronic-treated)

10%-20%
+
++

4

Figure 1. Virologic and immunologic profiles of CPs, ECs, and PTCs. ART is normally started in
chronic progressors (CPs) during the chronic phase of infection, and a rebound in viremia is seen
when therapy is discontinued. In contrast, elite controllers (ECs) are ART-naive subjects who control
viral replication naturally. Posttreatment controllers (PTCs) are more often patients in whom ART is
initiated during primary infection. These patients maintain control of viral replication when ART is
discontinued. *Estimates depend on definition of EC and PTC. +, ++, and +++ indicate relative

magnitude of each parameter.



The Buenos Aires patient
Argentinian woman controls HIV for at least 12
years after stopping treatment

v 1996 yilinda 37 yasinda ilk tan

serebral toksoplazmoz, HIV iliskili demans

v 1998 yilindan beri viral yiik < 50 kopya/ml (2001'de blip)
v’ Birgok kez ART degisimi
v 2007'de lipodistrofiye bagli ART'yi kesmis
v' 12 yil boyunca viral yiik saptanamaz diizeyde
CD4 >500 h/mm3
v Anti HIV (-), HIV DNA (-)

Uruena A et al.
Prolonged posttreatment virologic control and complete seroreversion after advanced human immunodeficiency virus-1

infection. Open Forum Infectious Diseases 8: ofaa613, 2021




NIH (National Institutes of Health)'te yapilan
arastirmalarda

v HIV RNA <0,2 kopya/ml, Anti HIV (-)

v' Lenf doku orneklerinde HIV RNA (-), cok distk
dizeyde HIV DNA

v Kolon dokusunda ve periferik mononiikleer
hiicrelerde HIV DNA (-)

v CD4+ T hiicrelerinde ¢ok dusik diizeyde
replikasyon yeteneginde olan HIV (+)

v HIV (-) kontrol grubuyla kiyaslandiginda
yiksek diizeyde HIV'e 6zgii CD4 hiicre yaniti

diisiik diizeyde CD8+T hiicre yaniti

Uruena A et al.
Prolonged posttreatment virologic control and complete seroreversion after advanced human mmunodeficiency virus-:




v" Dr Asier Saez-Cirion, VISCONTI's principal investigator, told
aidsmap.com: "Each post-treatment controller is unique.
This Buenos Aires case is interesting because of the very
complete clinical, immunological and virological evaluation.

v' "We have so far identified 27 post-treatment controllers in the
VISCONTI study. The median time off ART is now 10.5 years
and we have a few cases who have maintained post-
treatment remission for over 20 years. \We also observed
different degrees of loss of antibodies to HIV in some.

Aidsmap,2020



Neden Kiir Saglanamiyor?




Latent rezervuar

v En onemli neden: Latent rezervuar

replike olma 6zelligini koruyan viris CD4 yardimecr T
hiicrelerinde (6zellikle hafiza) latent olarak kalmasi

v' Hedef hiicrelerin de novo enfeksiyonu
devam eden replikasyon

v Immiin sistemin enfekte hiicreleri eradike
edememesi

Towards an HIV cure: a global scientific strategy. Nat Rev Immunol 2012 Jul 20;12(8):607-14.
Dahabieh MS, et al. Annu Rev Med 2015;66:407-21.



Establishment of latency

Free H|V<§;
Latent hiicre
U
Replikasyon yetenegi olan ¢

stabil proviris tagir .

Transkripsiyon asamasinda

s AT AN

) S?SIZ . Activated  Resting
(viral transkript ya da viriyon CD4*Tcell memory
liretimi yok) : st
Hijcr'eiel uyari : 1
|
\J

Viriyon uretimi

A minority of | [ Majority of

cells become | | infected cells

latently die or are
Towards an HIV cure: a global scientific strategy. infected eliminated

Nat Rev Immunol 2012 Jul 20;12(8):607-14.
Kumar A, et al. Clin Epigenetics 2015 Sep 24;7(1):103.



Fate of latently infected cells

Latently infected resting
memory CD4+ T cell

O

Actvated

Acated Aci

—_

s

vated Persistence

Tcell Tecell Tcell in long-lived RN -
: memory Teell 44 mecseatic
- proliferation
sl of T cells
v

T cell infection

Towards an HIV cure: a global scientific strategy.
Nat Rev Immunol. 2012 Jul 20;12(8):607-14.



Immune dysfunction prevents
clearance of infected cells

Latently

infected Maintenance

T cell of latency
PD1 and other

contribute to T cell

dysfunction :
Activated ‘

T cell - ,, 4

AR

Dysfunctional Exhausted T cell
B cell

Immune dysfunction reduces
the clearance of infected cells

inhibitory molecules *'
4

Towards an HIV cure: a global scientific strategy.
Nat Rev Immunol 2012 Jul 20;12(8):607-14.



Chronically HiV-infected
lymph node

RiVspecific CTL kN
virus-produding T cdls

71 foil t0 migra '
ftte » Antigen exposure malntalns T_ phenotype

i i and T, ocquire infectious HIV from FDC
Extrafollicular zone Follicle
Trends in Microblology

Figure 1. Modsal of T Folicutar Halper Cals (T} Accumuationin Chronic, Untraated HIV Infection. HV-spaciic

cytatoxic T ymphocys (CTLs) recognize and Mil vinus-producing T osls HIVT T ol In the extrafolicular 2ons (1), but as

found in low rumbers within ths ©olids dus to low CXCRS ssprassion (2). Within ths Tolicis, T recave boh activaton

signas and infectous HV fomintaractons with folicula dendnic cals (FDCS) (3). Tan, including HIV -producing Tey HIVY),

accumusats within e folick (4).
Miles B, et al. TFH in HIV Latency and as Sources of Replication-
Competent Virus. Trends in Microbiology 2016.



Kiir igin en biiyiik engel latent rezervuar

CD4+ T hicreleri
monosit/makrofaj

mikroglia
GIS- iligkili lenfoid doku makrofajlari
dendritik hiicreler
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Kirde Temel Yaklasimlar



Temel Hedefler

A

v'Viral rezervuarin eradikasyonu
v'Viral rezervuarin baskilanmasi

Immiinoterapi

konagin bagisiklik sistemini HIV'e kars:
gliclendirmek

Gen terapileri

CD4 + T hicrelerini virise direncli hale
getirebilmek



A

Viral Rezervuarin Eradikasyonu



Viral rezervuarin eradikasyonu
--sok et ve oldiir--

o e [ Lty revrsl sgort RO i ez ol OO
@ | - . 7~ @
Kick @ Kill R ‘ : Antiretraviral
CD4s Teall Acthos CDL+ T call HIV particles Dying infectsd call Urirfecied call
AKTIVATOR ART
Latent CD4+ T hiicrelerini Hiicrelerden salinan
aktive ederek HIV Virds tetikli Sl"'OPClTIk etki virislerin yeni .hl:le‘eler‘l
ekspresyonunu saglamak ve/veya konak bagisiklik enfekte efmesinin

sistemi etkisiyle hiicrelerin slimiengellenmesi

Kimata JT. Challenges and strategies for the eradication of the HIV reservoir . Current Opinion in Immunology 2016, 42:65—70.
Chun TW, et al.Nat Immunol 2015 Jun;16(6):584-9
Lopes RJ, et al. HIV latency reversal agents: A potential path for functional cure? European Journal of Medicinal Chemistry 213. (2021’



Latentlik

A

v'Pre-integrasyon
v’ Transkripsiyon
epigenetik
v'Post-transkripsiyon
m-RNA tasinmasi, kesilmesi, translasyon



Pre-i ntegr'asyon

cytoplasm @ LEDGF/p75
, A CPSF6
Nuclear import
pathway A ® TrRN-SR2
NUP358 nuclear import \ Cellular
) cofactors

heterochromatin

Nuclear
architecture

euchromatin integration

nucleus

Janssens et al. Towards a Functional Cure of HIV-1. Frontiers in Microbiology | www.frontiersin.org 1 March 2021 | Volume
12



Transkripsiyon

Figure 1: Mechanisms involved in the maintenance of HIV-1 latency and strategies to
disrupt latency.
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Latent CD4 hiicre aktivatorleri

v Histon deasetilaz inhibitorleri (HDACI)
v" DNA metiltransferaz inhibitorleri
v’ Protein kinaz C agonistleri

v Bromodomain ekstraterminal motif inhibitérleri
[ Apoptoz indiikleyicileri
d BCL-2 inhibitorleri
[ Retinoik asit-indiikleyici gen 1 inhibitorleri

v' Apoptoz protein inhibitarlerinin inhibitarleri

v Immiin checkpoint inhibitarleri

v Toll-like reseptor agonistleri
v Interlskinler (2,7,15)

Rasmussen AT, et al. Cancer therapies in HIV cure research. Curr Opin HIV AIDS 2017, 12:96-104
Lopes RJ, et al. HIV latency reversal agents: A potential path for functional cure? European Journal of Medicinal Chemistry 213. (2021



Latent CD4 hiicreleri aktivatorleri
v Histon deasetilaz inhibitorleri (HDACI)

v’ Protein kinaz C agonistleri

Rasmussen AT, et al. Cancer therapies in HIV cure research. Curr Opin HIV AIDS 2017, 12:96-104
Lopes RJ, et al. HIV latency reversal agents: A potential path for functional cure? European Journal of Medicinal Chemistry 213. (2021



v HDACI

etinostat > panobinostat > romidepsin=
givinostat =belinostat > vorinostat....

v'PKC agonistleri

SUW133 (bryostatin-1 analogu) »
panobinostat, vorinostat, bryostatin-1

Gnidimacrin > romidepsin

Lopes RJ, et al. HIV latency reversal agents: A potential path for functional cure? European Journal of Medicinal Chemistry
213. (202)



Klinik ¢alismalarda
vorinostat etkin/degil
panobinostat-kombinasyon gerekli

romidepsin gok etkin degil

Table 1. Cancer therapies inves|<

Promising comp <
Drug class in HIV research
(i) Latency reversing agents
HDAC inhibitors Vorinostat, romidepsin, Licensed (CTCL, MM) Reversing HIV latency by Yes, refs [9-13]
panobinostat chromatin remodelling

BET inhibitors OT1X015, JQI Phase 1/2 Reversing HIV latency by No

promoting recruitment of P-TEFb
to the HIV LTR

Histone Low doses only of Not safe at doses Prevents histone 3 methylation that  No
methyltransferase chaetocin, BIX01294 tested/ preclinical represses HIV transcription,

inhibitors or DNZep thereby reactivating latent HIV

DNA Azacitidine, decitabine Licensed (MDS) 2

methyltransferase

inhibitors
‘ PKC agonists Bryostatin-1, prostratin

Klinik calismalarda
bryostatin glivenli
ancak latent rezervuari
aktive edici dozlar toksik

Rasmussen AT, et al. Cancer therapies in HIV cure
Ding J, et al. Knowledge From London and Berlin: F|nd|ng

Ontiers in Immunology 1 May
2021 | Volume 12 |



Apoptozu indikleyici ve
imminmodulatuvar ilaglar

oo N

Smac
mimetic

ACitfeﬂn . \ 7 W

Methylation
inhibitor

Anti-CTLA-4

. <o
<L

-
-
IFN:
o, ¥

.TN Fa

Rasmussen AT, et al. Cancer therapies in HIV cure research. Curr Opin HIV AIDS 2017, 12:96-104



. Latent CD4 hiicreleri aktivatorleri

v Bromodomain ekstraterminal motif inhibitorleri
klinik ¢alismlara ihtiyag var

v Immiin checkpoint inhibitorleri
v Toll-like reseptor agonistleri

Rasmussen AT, et al. Cancer therapies in HIV cure research. Curr Opin HIV AIDS 2017, 12:96-104
Lopes RJ, et al. HIV latency reversal agents: A potential path for functional cure? European Journal of Medicinal Chemistry 213. (2021



(ii) Apoptosis promoting compounds
BCL-2 antogonists  Venetoclox Licensed (CLL), phases Inhibits antiapoptotic BCL-2,
1-3 sensitizing cells to apoptosis.
o

Whan ~ambinad with IDA

T TV~

RIG-| inducers Acitretin Immf‘jandUlaTuvar ion and
aktivatérlerin avantaji:  |...

bd cells
PI3k/Akt Perifosine, a
inhibitors .. .o HIV-
sok ve adldirme
SMAC mimetics Birincpant, 6N o losis
swoezt agamalarinda etkililer g HI.
osis,
—
Tyrosine kinase Ibrutinib Licensed Impairs Bruton's tyrosine kinase
inhibitors on the surface of HIV-infected

cells, inducing selective
depletion of HIV-infected cells

No

No

(iii) Immune modulation

Immune Ipilimumab, Licensed (melanoma, Enhancing HIV-specific T cell
checkpoint pembrolizumab, NSCIC) responses; reversing HIV
inhibitors nivolumab latency

TLR agonists GS9620, MGN1703 Phase 1, 2 Activating DCs and NK cells;

reversing HIV latency

Yes, ref [60]

Yes, refs [76,78]

Rasmussen AT, et al. Cancer therapies in HIV cure research. Curr Opin HIV AIDS 2017, 12:96-104




Toll-like reseptor agonistleri

TLR-1,2,7,8,9 agonistleri

v'Leftolimod, TLR-9 agonisti, faz 2
asamasinda

v'Vesatolimod, TLR-7 agonisti

ekstraselliler HIV RNA artiyor, NK,T ve B
hiicre aktivasyonu

2/13 rhesus makak, 2 yil boyunca ART'siz
aviremik

Klinik ¢alismalarda istenen basari saglanamadi

Lopes RJ, et al. HIV latency reversal agents: A potential path for functional cure? European Journal of Medicinal Chemistry 213. (2021



Inactivared
P-TEFb

EXIMI]
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@ @ Abortive elongation of HIV-1 transcription Productive elongation of HIV-1 transcription

Figure 2. Roles of BET proteins and BETis in HIV-1 latency through the Tat-
dependent manner.

Salahong T, et al. Are BET Inhibitors yet Promising Latency-Reversing Agents for HIV-1 Reactivation in AIDS Therapy? Viruses
2021, 13, 1026



Abortive clongation of
HIV-1 manscription
BRD273

Actvalor

: Productive elongation
comgilex of HIV-1 transcription

Figure 2. Roles of BET proteins and BETis in HIV-1 latency through the Tat-
independent manner.

Salahong T, et al. Are BET Inhibitors yet Promising Latency-Reversing Agents for HIV-1 Reactivation in AIDS Therapy? Viruses
2021, 13, 1026



Yeni molekiiller

Molecular Therapy AP
Nucleic Acids @\"_T
Review

Lnc(ing)RNAs to the “shock and Kill”

strategy for HIV-1 cure

Saikat Boliar! and David G. Russell!

'Microbiology and Immunology, College of Velerinary Medicine, Cornell University, Ithacs, NY 14853, USA

. \/?L% @ NIH-Supported Scientists Reverse HIV
Ik 2 /‘ and SIV Latency in Two Animal Models
G] é \‘/\N Findings Represent Progress Toward an
)5 HIV Cure
AZD5582 January 22, 2020



Latent rezervuari indikleyen ilaglar in vitro ve klinik
calismalarda etkin olarak goriilse de rezervuarin
boyutunu (~%5) azaltamamaktadir:

= doz distuklugu, tekrarlayan dozlarda etkinin
azalmasi

= toksik etkiler

= istenmeyen sistemik inflamasyon ve otoimmiin yan
etkiler

= |latentlik mekanizmasi heterojen
(bireysel, hiicresel diizey)

Kombinasyon tedavi gerekliligi

Rasmussen AT, et al. Cancer therapies in HIV cure research. Curr Opin HIV AIDS 2017, 12:96-104
Lopes RJ, et al. HIV latency reversal agents: A potential path for functional cure? European Journal of Medicinal Chemistry 213. (2021



v'PKC agonist + HDACI
v'TLR agonistleri + BETi

v DNA metiltransferaz inhibitorleri +
HDACI

Lopes RJ, et al. HIV latency reversal agents: A potential path for functional cure? European Journal of Medicinal Chemistry 213. (2021



v’ Reaktive olan hiicreler tarafindan salinan
HIV- 1 antijen diizeyleri yetersiz

v Latent rezervuar, CD8+T hiicrelerine karsi
direncli

v’ Reaktivasyon sonrasi viriis giidiimli hiicre
olimii gergeklesmeyebilir.

v Elit kontrollilerde gozlenen etkili CD8+T
hiicre yaniti normal konakta gozlenmiyor.

Passaes CP, et al. Virology. 2014 Apr;454-455:340-52
Velu V, et al. 2009.Nature 458, 206—210.Amancha P.K, at al. 2013.
J. Immunol.191,6060-6070.



v’ Reaktive olan hiicreler B hiicre
follikiillerinde korunuyor.

v HDAC inhibitérleri

 sitotoksik T lenfositleri (CTL)nin HIV
enfekte hiicreleri éldiirme yetenegini
baskilayabilir

« CD4 ve CD8 +T hiicrelerine karsi sitotoksik,
NK hiicrelerinde apoptoza neden olabilir

« sitokin salinimini engeller

Passaes CP, et al. Virology. 2014 Apr;454-455:340-52
Velu V, et al. 2009.Nature 458, 206—-210.Amancha P.K, at al. 2013.
J. Immunol.191,6060-6070.



35> NIH Public Access
éém Author Manuscript

Publisked m final edited form as:
Immunity. 2012 March 23; 36(3): 491-501. do1: 10,1016/ . mmuns. 2012.01.014.
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Latent rezervuarin reaktivasyonu oncesi
sitotoksik hiicrelerin terapotik asilama
ile gliglendirilmesi eradikasyon igin
gerekli olabilir

erle
1ari

stimulating HIV-1-specific CTLs prior to reactivating latent HIV-1 may be essential for successful
eradication efforts and should be considered in future clinical trials.




Immiinoterapi



Immiinoterapi

v'Latent rezervuar: eradike edecek ya da

baskilayacak terapdtik asilar

Anti-HIV imminitesinin islev ve yayginligini arttiracak
asilar

v'Pasif bagisiklama

Mylvaganam GH, et al. Curr Opin Immunol. 2015 Aug;35:1-8.



Terapotik asilar

Terapétik asi hedefleri:
v' Anti-viral CD8+ T hiicreleri °

Therapeutic vaccination

uretimi
v CD8+ T hiicre (B hiicre
folikillerindeki folikiler T

hiicreleri hedef alacak)
uretimi

oot A e o O
! profos o5 une vV D6 T colls of virue-nte cals i
(CTL) ; i
.o . . Pacforin® | i

v' CD4+ T hiicreleri i % g Granzyme" i
" IFN-?: :

v' Nétralizan antikorlar i = i
: largetng SIV specitic Gonerabon of NAbs and y :

: rasponses 1o the mucosa nNAbs with affacios fincion ‘;_. . :

v multi-fonksiyonel T hiicre v /£ |
|

i

Mylvaganam GH, et al. Curr Opin Immunol. 2015 Aug;35:1-8.



Klinik calismalar

Var olan immdiniteyi gl¢lendiren
» DNA + adjuvan
> Viris + adjuvan
» Dendritik hiicre kokenli asi ¢calismalari

\ 4

ART kesilmesi sonrasi viral geri tepmede
gecikme, viral yikte 0,5-1 log disdls

Klinik yarar belirsiz
Latent rezervuar lzerine minimal etki

Mylvaganam GH, et al. Curr Opin Immunol. 2015 Aug;35:1-8.
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z Immune clearance of highly pathogenic SIV infection
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SIV-protein ekspresse eden RnCMV vektaor kokenli asi ile asilanan rhesus
makaklar SIVmac239 ile (intrarektal, intfravajinal, IV) enfekte ediliyor

Abstract

Makaklarin ~%50'sinde siiregen, aviremik kontrol
Zamanla SIV enfeksiyon bulgularinin kaybi

Asiya 0zqgl ve otolog STV enfekte CD4 T hiicrelerini taniyan
CD8T hiicre diizeyi stabil kald!

£y whgoewy

69-172 hafta sonra yapllan nekropsuler'de perifer ya da dokuda
SIV RNA veya SIV DNA saptanamadi (ultrasensitif PZR)




Pasif bagisiklama

v Monoklonal HIV'e 6zgiil notralizan
antikorlar (gp120 ve gp41)

---Hicreler arasi HIV yayilimini engellemek
---Antikor bagimli hicre aracilikli sitotoksiste

ve/veya viral inhibisyon ile enfekte hiicreleri eradike
etmek

Chun TW, et al. Nat Med 1999; 5: 651-55.



Viraemia suppressed in HIV-1-infected humans
by broadly neutralizing antibody 3BNC117

Marina Caskey'*, Florian Klein'*, Julio C. C. Lorenzi', Michael S. Seaman?®, Anthony P. West Jr’, Noreen Buckley', Gisela Kremer*-,

Lilian Nogueira', Malte Braunschweig'*®, Johannes F. Scheid’, Joshua A. Horwitz', Irina Shimeliovich’, Sivan Ben- Avraham’,
Maggi Witmer-Pack’, Martin Platten®-’, Clara Lehmann®’, Leah A. Burke'®, Thomas Hawthorne”, Robert J. Gorelick'”,
Bruce D. Walker", Tibor Keler”, Roy M. Gulick®, Gerd Fatkenheuer®’, Sarah J. Schlesinger' & Michel C. Nussenzweig'"*

Acik etiketli, faz-1 calisma
Viremik kontrollilerden klonlanan anti-
CD4 baglanma bélgesi antikoru (3BNC117)

12 HIV (-), 17 HIV(+) hasta (2'si ART altinda)
1,3,10,30 mg IV infiizyon
guvenli ve iyi tolere edildi

30 mg tek doz inflizyon ile viral yiikte 0.8-2.5 logy,
azalma ve 28 giin boyunca sebat
Direng gelisimi sorunu

3BNC117 monoterapisi etkili degil
3BNC117+ART veya antikor etkili olabilir
Latent rezervuar aktivasyonu+ 3BNC117 ile kiir?




Asi+ Immiinstimiilan + Antikor
kombinasyonu






HIV cure at CROI: new data on antibodies, vaccines and genetically engineered

T-cells

Pre-conference Community HIV Cure Research Workshop outlines the results

Gus Cairns-24 March 2020

Viral yiik T

n=15 plasebo

n=12 vesatolimod+PGT121

n=12 vesatolimod+
ad26/MVA asisi

n=12 vesatolimod+ PGT121

+ ad26/MVA asisi

n=8, viral yiik~2000 k/ml
n=4, viral yik 12 haftaya kadar yiikselmedi

Viral yik 1
(genellikle 200 k/ml, <2000 k/ml)
n=3, 12 hafta boyunca saptanamaz diizeyde

Z‘\: viral yiik~1000 k/ml

n=2) viral yiik artsa da 12. haftaya kadar
baskilandi

, viral yik 12 haftaya kadar yiikselmedi

Vesatolimodun ve antikor inflizyonun son dozundan
3 ay sonra ART kesildi



A PLACEBO-CONTROLLED ATI TRIAL OF HTI VACCINES IN EARLY TREATED HIV INFECTION

CROI 2021 March 6-10 Reported by Jules Levin

Lucia Bailon1, Anuska | Ia
SenGupta6, Bog,

7

Spain. S0 .
Backgrou 8 (40%) asih, 1 (8%) plasebo ral
control.

Methods: Dk

mimo ART’siz 22 hafta e
people liv ng of
DDDMM f . . 5
monitored Viral yuk <2,000 kopya/mL ) 5 asilh/1 plasebo

Results: A 6) or
PPP (n=1

recipients / \ ncies
SilT'?J;Z%i\m “| think the study has convincingly shown that the HTI M.;ST.
and 1 (8%) of vaccines can generate immune control; it is clear that they s/mL being

observed in 5 ang

correlated with il SNOUld be considered as a backbone for future HIV cure
between vaccine|  gradication trials,” said Professor Sharon Lewin, director of
conclusion: HTIY  the Peter Doherty Institute for Infection and Immunity and ccinees with
non-beneficial HL\frofessor of medicine at the University of Melbourne. | start.

Multivariate analy /sed vaccines as
the backbone of co in the AELIX-003

study (NCT04364035).
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Viral Rezervuarin Baskilanmasi



Viral rezervuarin baskilanmasi
--bloke et ve kilitle--

- BLOCK-AND-LOCK

o

Virds ya da
konaga 6zgii faktorler araciligiyla g
derin latentligi saglamak ART—@ _JO—

Productive Infection

ay

B, : :
- A\ : :
A : ] A 5\

CD4" T Cell ‘-‘7 Latent Cell \J Deep Latent Cell "‘?Deep Latent Cell

ART+LPA \RT—é

Moranguinho |, et al. Block-And-Lock: New Horizons for a Cure for HIV-1. Viruses 2020, 12, 1443



Latentligi saglayan ajanlar

v’ Didehidro-kortistatin A (dCA)-potent Tat
inhibitord
v Tat'in TAR baglanma bdlgesine baglanarak

HIV-1'in transkripsyonel elongasyonunu
inhibe eder

v In-vivo calismalarda dCA dokularda viral
RNA'nin azalmasina ve ART'nin kesilmesi ile
viral reboundda gecikmeye yol agiyor.

v’ Calismalar devam ediyor

Moranguinho |, et al. Block-And-Lock: New Horizons for a Cure for HIV-1. Viruses 2020, 12, 1443



Latentligi saglayan ajanlar

v’ Levosimandan, spironalakton
v LDGF/p75 inhibitérleri
v mTOR kompleks inhibitérleri

(rapamisinin 2019'da baglayan 2 klinik
calismasi:NCT02990312 ve NCT0244)

v' BRD4 inhibitorleri
v Isi sok proteini 90 (HSP9O0) inhibitorleri
v’ Calismalara ihtiyag var

Moranguinho |, et al. Block-And-Lock: New Horizons for a Cure for HIV-1. Viruses 2020, 12, 1443.
Janssens et al. Towards a Functional Cure of HIV-1. Frontiers in Microbiology | www.frontiersin.org 1 March 2021 | Volume 12
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Gen terapileri

v'Enfeksiyon iliskili 6zgil genleri
modifiye ederek hiicreleri HIV'e

Hedef: Steril ya da fonksiyonel kir

v'Entegre olan proviriisiin eksizyonu

Passaes CP, et al. Virology. 2014 Apr;454-455:340-52



Gen terapileri

Nukleazlar, rekombinazlar, RNAiler....

Zinc-finger nucleases (ZFNs)

Transcription activator-like effector nucleases (TALENS)
Clustered reqgularly interspaced palindromic repeats (CRISPR)/
CRISPR-associated protein 9 (Cas9)

Genetik materyalde
»modifikasyon
»parc¢alanma
>eklemeler..



HIV enfeksiyonuna ya da
replikasyona direngli hiicre iiretimi

CCRS (Wild type) CCRS (Edited)
A Genome editing A

{ZFN, TALEN,CRISPR/Cas9 system)
CD4" T cells — 3 D47 celis

Apheresis Reinfusion

Patient

TRENDS in Biotechn iogy

Gu WG.Trends Biotechnol 2015 Mar;33(3):172-9.



Lentivirus vector
shRNA
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Kent SJ,et al. Lancet Infect Dis 2013 Jul;13(7):614-21.



CCRS (Wild type)
A Genome editing

CD4A™ T cells
CD34% stem cells

Apheresis

Patient

{ZFN, TALEN CRISPR/Cas9 system)

_

CCRS (Edited)
A

A" T cells
D34* stem cells

Reinfusion

TRENDS in Biotechn clogy

Orijinal HIV'e
duyarli hiicrelerin
eradikasyonu igin
kemoterapi gerekli
olabilir



the NEW ENGLAND
]OURNAL of MEDICINE

ARLISMED IN 1812 MARCH 6, 2014 VOL, 370 NO. 10

Gene Editing of CCR5 in Autologous CD4 T Cells
of Persons Infected with HIV

ART altindaki aviremik 12 hastaya ZFN ile
CCR5 modifiye otolog CD4 hiicre inflizyonu
(7%611-28'i ZFN ile modifiye)

aAVITTITIIC 1LV INTICCIION WITHE (IIcy Wore FecalvIng ISy IcOve G UrceirovIral tnerapy-
Six of them underwent an interruption in antiretroviral treatment 4 weeks after the
infusion of 10 billion autologou< CD4 T cells, 11 to 28% of which were genetically
modified with the ZFN. The primary outcome was safety as assessed by treatment-
rel ated adverse events. Secondary outcomes included measures of immune recon-

I UL

: ART kesilmesinden sonra HIV DNA@
CD4 hiicre sayisil]

1 hastada HIV RNA saptanamadi

4 Transfiizyon sirasinda ciddi reaksiyon
f gelisen 1 olgu

s - T —
ClinicalTrials.gov number, NCTOOE42634.)

E=3 4




v CCRb5 332 HIV enfeksiyonuna
direng saglar ve kok hicre
transplantasyonu ile kir
olgusu mevcut

v HLA uyumlu CCR5 832
homozigot dondr bulma
olasiligi (1/100), transplant
zorlugu

v Yapay CCR5 mutasyonu ve
hicrelerin hastaya

reinflizyonu ile HIV direnci
saglanabiliyor

LGen terapilerinde asil hedeflenen molekiil
CCR5

v Uzun vadede etkinlik ve
livenlik kayqisi??

v~ Segilecek genetik teknolgji
niicre tipi, verilis sekli2

Hicre toplulugunda CXCRZ
arliginda CCR5 mu'ras on
yeterli

CR4 hematopoietik,
immin ve sinir hiicrelerini
fonksiyonu igin gerekli-

inhibitor molekiiller sege




. CRISPR/Cas9 ile modifiye edilmis CCR5 geni tasiyan
HSPC transplantasyonunun uygulanabilirligini ve
glivenligini degerlendiren Kklinik ¢alisma
(NCTO03164135)

v ALL+HIV enfekte bireyler

v Siklofosfamid +tim vicut radyoterapi

v CCR5 modifiye edilen HSPC transplantasyonu

v Transplantasyon éncesi gen modifikasyon etkinligi
%17 .8

v Transplantasyon sonrasi oran %5,20 ile 78,28
arasinda

v Gen modifikasyon orani ¢ok diisik:

periferik kandaki CD4+ hiicrelerinin yaklasik %2'si ve

CD8+ hiicrelerinin yaklagik %1'i

Xu L, et al. Crispr-Edited Stem Cells in a Patient With HIV and Acute Lymphocytic Leukemia. N Engl J Med (2019) 381(13):1240-7.
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Genome editing of the HIV co-receptors @
CCR5 and CXCR4 by CRISPR-Cas9 protects CD4™
T cells from HIV-1 infection

Zhepeng Liu™*, Shuliang Chen'2"*, Xu Jin®, Qiankun Wang', Kongxiang Yang*, Chenlin Li', Qiaogiao Xiao',
Panpan Hou®, Shuai Liu', Shaoshuai Wu', Wei Hou', Yong Xiong®, Chunyan Kong', Xixian Zhao', Li Wu?,
Chunmei Li'#, Guihong Sun' and Deyin Guo'#'®

Abstract

Background: The main approach to treat HV-1 infection is combination antiretroviral therapy (cART). Although cART
is effective in reducing HIV-1 viral load and controliing disease progression, it has many side effects, and is expansive
for HIV-1 infected patients who must remain on lifetime treatment. HIV-1 gene therapy has drawn much attention as
studies of genome editing tools have progressed. For example, zinc finger nucleases (ZFN), transcription activator like
effector nucleases (TALEN) and clustered regularly interspaced short palindromic repeats (CRISPR)-Cas@ have been
utilized to successfully disrupt the HIV-1 co-receptors CCRS or CX(R4, thereby restricting HIV-1 infection. However, the
effects of simultaneous genome editing of CX(R4 and CCR5 by CRISPR-Cas9 in blocking HIV-1 infection in primary
CD47 T cells has been rarely reported. Furthermore, combination of different target sites of CXCR4 and CCRS for dis-
ruption also need investigation.

Results: In this report, we designed two different gRNA combinations targeting both CXCR4 and CCRS, in a single
vector. The CRISPR-sgRNAs-Cas? could successfully induce editing of CXCR4 and CCRS genes in various cell lines

and primary CD4™ T cells. Using HIV-1 chalienge assays, we demonstrated that CXCR4-tropic or CCR5-tropic HIV-1
infections were significantly reduced in CXCR4- and CCRS-modified cells, and the modified cells exhibited a selective
advantage over unmodified cells during HV-1 infection. The off-target analysis showed that no non-specific editing
was identified in all predicted sites. In addition, apoptosis assays indicated that simultaneous disruption of (XCR4 and
CCRS in primary CD4™ T calls by CRISPR-Cas@ had no obvious cytotoxic effects on cell viability.

Conclusions: Our results suggest that simultanecus genome editing of CX(B4 and CCRS by CRISPR-Cast can poten-
tially provide an effective and safe strategy towards a functional cure for HV-1 infection.

Keywords: CRISPR-Cas9, CCRS and OXCR4 simuitaneous, HIV-1, AIDS




Trial Number

NCTOEXN TR2

NEIOF A1

NCTO2140644

NCTI2F849

NCTO36a180

NCTO2732457

NCTO303867

NCTOoua2E34

NCTO1252840

NECTOICAAERS

NCTO1543162

NCTO2225665

N Q235uniag

Ding J, et al. Knowledge From London and Berlin: Finding Threads to a Functional HIV Cure. Frontiers in Immunology 1 May

2021 | Volume 12 |
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Proviral DNA eliminasyonu

reaiing n| LGTENT hiicrelerdeki proviral DNA'ya
L ulasim sorunu
(1/milyon CD4 + T hiicre)

CRISPR/Cas9

Gu WG.Trends Biotechnol 2015 Mar;33(3):172-9.
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Original Article

In VVivn Fyericinn nf HI\/-1 Pravirniie hv eaCacQ and

HIV-infected
Gene therapy Animal Models
R saCas9
:’W‘: sgRNA
= A G ; e A ~ SRS 3
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Suppressing HIV Deleting HIV structural/functional

transcription genes to abolish HIV replication



v SIV ile enfekte 3 maymun+12 hafta sonra ART
v' 8 hafta sonra kandan immiin hiicreler elde edilmesi

v' Laboratuvar ortaminda gRNA/Cas9 terapisi ile
SIV genetik materyalinin eksizyonu

v" 4 hafta sonra hiicrelerin 2 maymuna infiizyonu
(100 trilyon adenoviriis/100 dak)

v' Tedavi uygulanan maymunlarin dokularinda DNA
saptanmiyor, kontrol maymunda saptaniyor

v' Eksize edilen urin bir maymunun dokularinin
7%42'sinde digerinin %76'sinda mevcut

Burdo TH et al. Ex vivo and in vivo editing of the SIV genome in nonhuman primates by CRISPR-CAS9.Conference on
Retroviruses and Opportunistic Infections, Seattle, abstract 24, 2019.
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CRISPR-Cas9 Mediated Exonic Disruption for HIV-1 Elimination
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Keywords:
Human immunodeficiency virus type one
Viral eradication

Qustered regularly interspaced short palin-

drormmic re peat

RMA loaded Lipid nanoparticles { rLNP)
Latent infection

(RISPR delivery

ABSTRACT

Background: A barrier to HIV-1 cure rests in the persistence of proviral DMNA in infected (D4+ leukocytes. The
high HIV-1 mutation rate leads to viral diversity, immune evasion, and consequent antiretroviral drug resis-
tance. While CRISPR-spCas9 can eliminate latent proviral DNA, its efficacy is limited by HIV strain diversity
and precision target cell delivery.
Methods: A ibrary of guide RNAs (gRMNAs) designed to disrupt five HIV-1 exons {taty_ofrevy o/gpd 1) was con-
structed. The gRMAs were derived from a conseensus sequence of the transcriptional regulator tat from 4004
HIV- 1 strains, Efficacy was affirmed by gRNA cell entry through transfection, electroporation, or by lentivirus
or lipid nanoparticle {LMP) delivery. Treated cells were evaluated for viral excision by monitoring HIV-1 DMNA,
RMA, protein, and progeny vinas levels,
Findings: Virus was reduced in all transmitted founder strains by 82 and 94% after CRISPR TatDE transfection
or lentivirus treatments, respectively. No recorded off-target cleavages were detected. Electroporation of
TatDE ribonucleoprotein and delivery of LMP TatDE gRNA and spCas® mREMNA to latently infected cells resulted
in up to 100% viral excision. Protection against HIV-1-challenge or induction of virus during latent infection,
in primary or transformed (D4+ Tcells or monocytes was achieved, We propose that multi-exon gRNA TatDE
disruption delivered by INPs enables translation for animal and human testing.
Interpretation: These results provide “proof of concept’ for CRISPR gRNA treatments for HIV-1 elimination
The absence of full-length viral DNA by LNP delivery paired with undetectable off-target affirms the impor-
tance of payload delivery for effective viral gene editing.
Funding: The work was supported by the University of Nebraska Foundation, including donations from the
Carol Swarts, M.D. Emerging Neuroscience Research Laboratory, the Margaret B Larson Professorship, and
individual donor support from the Frances and Louie Blumkin Foundation and from Harriet Singer. The
research received support from Mational Institutes of Health grants T32 NS105594, SROIMH121402,
1IROD1ALISB 160, RO1 DADS4535, P01 DADZBS555, RO1T NS126089, RO1 MNS36126, PO1 MHG4570, P30
MHOG 2261, and 2ZR01 MSO34239,
2021 The Author{s). Published by Elsevier BV. This is an open access article under the OC BY-NC-ND license
{herp:f fereativecommons.orgflice nsesfby-no-ndf4.0/f)



Yeni Buluglar ve Stratejiler




v'Heterodimerik interlokin-15 ile
tedavi

CD8+ T ve NK hiicrelerin sayisinin
artmasina yol agarak aktive olmus
enfekte hicreler yok edilebilir

v'Regulatuvar T hiicre (Tregs)
deplesyonu + dendritik hiicre temelli
as!

Pavlakis GN, et al. Heterodimeric IL-15 induces effector cell activation and trafficking to the
germinal centers of SIV infected macaques. J VirusErad 2016; 2(Suppl 2): 6. Abstract OA4-1.
He T, et al. T regulatory cell depletion in controller macaques reactivates SIV and boosts CTLs. J

Virus Erad 2016; 2(Suppl 2): 16. Poster21.



I-specific antibody both prevents infection and controls disease in monkeys

v' Further along in development is BilA-SG, a bi-specific antibody that
caused considerable excitement last year when data from experiments in
mice were published. especially in China. where this therapy has been
d

v Giris inhibitori d
~ ilso
a  HIV ile enfekte olmus hiicrelere baglanarak onlar: yok
t etme

completely protected the monkeys from infection, and when given after infection,
all monkeys survived beyond three months, with the preservation of strong anti-

HIV cellular responses.

v" Further monkey experiments are planned before BilA-SG is taken into human
trials.

Niu MY Tandem bispecific antibody prevents fully and induces prolonged T-cell immunity against pathogenic SHIV in
monkey models. 2019 HIV & HBV Cure Forum, Mexico City, 20 & 21 July 2019.
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Enochian
BloSclences

Enochian BioSciences Announces FDA Acceptance of Pre-IND
Request For Potential HIV Cure

June 14, 2021 07:00 ET | Source: Enochlan Blosclences, Inc.

LOS ANCELES, June 14, 2021 (GLOBE NEWSWIRE) -- Enochian BioSciences, Inc., a company focused on gene-modified cellular and immune therapies
in infectious diseases and cancer, teday announced that the FDA has accepted a Pre-IND (Investigational New Drug) request for a potential functional

cure or treatment of HIV. Written comments are expected this Fall.

Dr. Serhat Gumrukgu, co-founder and inventor of Enochian BioSciences, and Director of Seraph Research Institute (SRI), submitted the Pre-IND, The

request was based on the results of a 54-year old man living with HIV who had failed to suppress the virus with antiviral therapy. The patient

subsequently achleved viral control for 255 days with an Innovatlve treatment of Natural Killer (NK) and Gamma Delta T-cells (CDT) collected from

another person. During the entire period, no antiviral drugs were given. It is believed that the CDT cells, a small subset of immune cells that can be

infected with HIV, could be a key factor in controlling the virus.

The findings were presented during the Conference of the American Soclety of Gene and Cell Therapy this past May. Presentations can be found at

Enochianbio.com/Collaborations

Enochlan BloSclences holds the exclusive license for the proprietary technology.



v'Sok et ve oldir + bloke et ve kilitle

\ 4

reaktive rezervuarin geriye kalan
eliminasyonu provirislerin baskilanmasi

\/Blokei ve kilitle + sok e@ze oldir

rezervuarin geriye kalan
boyutunun azaltilmasi virislerin reakftive edilip
eliminasyonu

Moranguinho |, et al. Block-And-Lock: New Horizons for a Cure for HIV-1. Viruses 2020, 12, 1443
Janssens et al. Towards a Functional Cure of HIV-1. Frontiers in Microbiology | www.frontiersin.org 1 March 2021 | Volume 12



Sonug

v'HIV enfeksiyonu akilci ART ile
yonetilebilir kronik enfeksiyon

v Kiire yonelik ¢alismalar:
Viral rezervuarin aktivasyonu
Immiinoterapi Bloke et ve kilitle

Gen terapileri

Kombine tedaviler
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