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Towards a Cure of HIV infection: to
shock or to lock, that is the question.

Zeger Debyser MD PhD
KU Leuven




HIV latency as primary hurdle towards an HIV cure

CD4 CCR5

plasma viral load
uNoo |39 1.¥Ad

Productively HIV infected
CD4'T cells

B ) o



HIV latency as primary hurdle towards an HIV cure
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HIV latency as primary hurdle towards an HIV cure
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HIV latency as primary hurdle towards an HIV cure

CD4 CCR5

Latently HIV infected
CD4*T cells
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(1). GENITAL TRACT -Exposure
to HIV at mucosal surface (sex).
The virus is collected bv DC

SIGN+ dendritic cells

(4). To other
organs

*Mzingwane ML et al., Rev Med Virol., 2017.

BRAIN — macrophages, glial cells |

THYMUS - lymphocytes,

LUNGS - alveolar ‘@

“| macrophages

SPLEEN — Lymphocytes QJ

CNS —glial cells
(2). LYMPH NODES - Virus
carried to lymph nodes by

dendritic cells, exposes CD4+
cells (replication in CD4 cells)

(3). BLOOD - infected cells \r,‘
released into blood followed P
by dissemination to other
organs.




How can we cure HIV infection?
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x SHOCK KILL ERADICATION

— .0 LATENCY REACTIVATING
O AGENTS (LRAS)

+Latency
Reactivating
Agent (LRA)

Cb4 CCR5
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BLOCK

+Latency
Promoting
Agent (LPA)

LOCK FUNCTIONAL CURE
Reactivation LATENCY PROMOTING
Drug removal AGENTS (LPAS)




Regulation of transcriptional activity
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Translational evidence for a block-and-lock cure

Elite controllers Post-treatment controllers

- HIV infected patients who control viral

o . - Long-term ART treated individuals who control
replication without ART

viral replication after treatment-interruption
- 0.5 % of HIV population > 7 % of HIV population

*Jiang et al., Nature, 2020.
*Einkauf et al., J Clin Invest, 2019.




Translational evidence for a block-and-lock cure

HIV RNA

I % Selective elimination of cells with intact S “Blocked and Locked” intact reservoir profile
} | HIV-1 integrated in euchromatin with post-treatment drug-free control?

J

through viral cytopathic effects
or host immune responses

Intact HIV genome integrated in S Pl

active/accessible genomic regions

- ) Clonal expansion of cells with intact HIV-1 $ - A - o\ , i )) ' 2 (D \\// )
‘ JM; .j) _j) _])\— \':)) integrated in heterochromatin regions y (D) :)) I = > \,\/}_ <\ g A - ) ) ) ) . )\\\_//
/ OROSCROSOCROCEOIOLE

Time on ART

|

Intact HIV genome integrated in
repressed/non-accessible genomic regions

*Lian et al., Cell Host Microb, 2022.




nature

News & views

Virology

Deep-sleeping HIV
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* Integration site and RNA

genomes under control ' EXPrESSION
; - Selection
Nicolas Chomont ; . Immune Contr0|

In a few people living with HIV, the virus remains under control
without antiretroviral therapy. It emerges that, in these
people, the viral DNA that is integrated into the host genome is
inadeeply transcriptionally repressed state. See p.261

Toxicity
Clonal expansion

- T

Article

Distinct viral reservoirsinindividuals with
spontaneous control of HIV-1
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Block-and-lock approaches

e Tat Inhibition by Didehydro-Cortistatin A

Kessing, C.F et al. In vivo suppression of HIV rebound by didehydro-Cortistatin A, a ‘block-and-lock’ strategy for HIV-
1 cure. Cell Rep. 2017, 21, 600-611

* LEDGINSs retarget integration

Vranckx L.S. et al. LEDGIN-mediated inhibition of integrase-LEDGF/p75 interaction reduces reactivation of residual
provirus. EBioMedicine. 2016 Jun;8:248-264.

* FACT Inhibition by Curaxin CBL0100
* RNA-Induced Epigenetic Silencing

* HSP90 Inhibitors

 Jak-STAT Inhibitors

* BRD4 Modulators

* mTOR Inhibitors

* Kinase Inhibitors

* Triptolide

KU LEUVEN

For a review See Vansant et al Viruses 2020



Lens Epithelium-Derived Growth Factor

« Cellular stress response
« Transcriptional co-activator (Ge et al., EMBO J. 1998)

LEDGF/p75
1 91 148156 178 197 325 347 429 530
PWWP NLS AT Hook Integrase Binding Domain
p52
PWWP NLS AT Hook

KU LEUVEN

Van Maele et al., TiBS 31, 98-105, 2006



A molecular tether for the HIV PIC

NUCLEUS

Viral cDNA \
A RN

Host genome
MT-4 eGFP-A325




Interaction of LEDGF/p75 and HIV-IN

p75
p52

PWWP "IBD

N-term. b C-term.

IBD: integrase binding domain
CCD: catalytic core domain

KU LEUVEN

Cherepanov et al., PNAS, 102, 17308-17313, 2005



LEDGINs as novel first-in-class non-
catalytic integrase inhibitors (2010)

ARTICLE nature

Rational design of small-molecule inhibitors of
the LEDGF /p75-integrase interaction and
HIV replication

Frauke Christ"”, Arnout Voet®”, Arnaud Marchand=?, Stefan Nicolet®¢, Belete A Desimmie’,
Damien Marchands, Dorothée Bardiots, Nam Joo Van der Veken', Barbara Van Remoortel’,
Sergei V Strelkov®, Marc De Maeyer?, Patrick Chaltin** & Zeger Debyser™

Lens epithellum-derived growth factor (LEDGF/p75) Is a cellular cofactor of HIV-1 Integrase that promotes viral Integration by
tethering the prelntegration complex to the chromatin. By virtue of Its cruclal role In the early steps of HIV replication, the Inter-
action between LEDGF/p75 and Integrase represents an attractive target ror antiviral therapy. We have ratlonally designed a
sarles of 2-(quinolin-3-ylacetic acld derlvatives (LEDGINs) that act as potent Inhibitors of the Lm&ﬁfi?s-lntﬂgm Inter-
actlon and HIV-1 replication at submilcromolar concentratlon by blocking the Integration step. A 1.84-A resolution crystal
structure corroborates the binding of the Inhibltor In the LEDGF/p75-binding pocket of Integrase. Together with the lack of
cross-resistance with two clinical Integrase Inhibltors, these findings define the 2-(quinolin-3-yl)acetic acld derlvatives as the
first genuine allosteric HIV-1 Integrase Inhibltors. Our work demonstrates the feasibliity of ratlonal design of small molecules
Inhibiting the proteln-proteln Interactlon between a viral proteln and a cellular host factor.

CX04328 binds into a small molecule binding pocket in
the dimer interface different from the strand transfer
inhibitor binding pocket. CX04328 does not alter the
overall shape of the IN structure and competes with
LEDGF (gray) for the binding to integrase.

KU LEUVEN

Christ et al., Nature Chemical Biology, 6(6):442-8, 2010.




LEDGF/p75

R

- LEDGF/p75 directs integration to body
of active transcription units

Chromatin Binding Domain (CBD) Protein Binding Domain (PBD)

PWWP IBD

1@“ 148-156 206-339 237-454
178-199

Binds to the body of active TUs (H3K36me3)| | Interacts with HIV IN

530

- LEDGF/p75 depletion shifts integration out of TUs

KU LEUVEN
Eidahl et al. Nucleic Acids Res., 2013; Ciuffi et al. Nat. Med., 2005; Shun et al. Genes

Dev., 2007; Schrijvers et al. PLoS Pathog., 2012; Fadel et al. J Virol., 2014 )




LEDGINs as tool to study this hypothesis

1. Inhibition of the LEDGF/p75-IN interaction
(Christ et al. Nat. Chem. Biol., 2010)

2. Allosteric IN inhibition (EARLY)
(Christ et al. AAC, 2012; Kessl et al. J. Biol. Chem., 2012; Tsiang et al. J. Biol.
Chem., 2012)

3. Dysfunctional IN multimerisation/assembly (LATE)
(Jurado et al. PNAS, 2013 ; Desimmie et al. Retrovirol., 2013; Balakrishnan et

al.,
PLoS ONE 2013) 5
- - - ose-response
4. Retargeting integration + block and lock (EARLY/LATE) P
(Vranckx et al. EBiomedecine 2016) . SuT)

“

40

% GFP positive cells

0.1 1 10 100
[LEDGIN] (CX014442, M)

LEDGF/p75IBD HIV-IN CCD dimer HIV-IN CCD dimer




How does inhibition with the integrase-LEDGF/p75 interaction
interfere with the lentiviral integration process?

What is the impact of LEDGINSs on:
1. Integration site distribution?
2. Establishment of HIV latency?

3. Reactivation from HIV latency?
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1. LEDGINs (CX014442) shift HIV integration out of TUs

(SupT1)

Genes

Gene
boundaries

DNase
sites

CpG islands

Gene
density

Expression
intensity

GC
content

DMSO

uniGene_inout
refGene_inout
general.width
gene.width
start.dist
boundary.dist
oncoDist.50kb
dnasel.1M
dnasel.100k
dnasel.10k
dnasel.1k
cpg.dens.1M
cpg.dens.100k
cpg.dens.10k
cpg.5k

cpg.1k

ref.1M
ref.100k
ref.10k
dens.1M
dens.100k
dens.50k
dens.10k
high.ex.1M
high.ex.100k
high.ex.50k
high.ex.10k
low.ex.1M
low.ex.100k
low.ex.50k
low.ex.10k
gc5000000
gc1000000
gc250000
gc50000
gc10000
gc2000
gc500

gc100

gcs0

#sites 3312

Compound concentration (UM) InRefGene

DMSO ctrl

0.78125
1.5625
3.125
6.25
12.5
25
50

LEDGF/p75 KD

69.54

70.58

70.37

66.6
65.23 **
61.88 ***
60.93 ***
54.55 ***

57.93

Depleted Color key Enriched
(compared to MRC) (compared to MRC)
4—

—>
- . T *—
0.0 0.2 0.8 1.0




HIV Double reporter virus

HIV LAI-OGH (VSV-G)

Collaboration with Eric Verdin (Emilie Battivelli) LTR I-} gag vif vpu mut-env S /R
U3 RU5 = U3 RU5
(Calvanese et al. Virol., 2013; Chavez et al. PLoS Pathog., 2015) pol ver tat / nefATG-eGFP
rev
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. LEDGIN treatment during infection increases the quiescent fraction

Quiescent fraction(%)
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3. LEDGIN treatment induces a residual silent reservoir
refractory to HIV reactivation
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Conclusion : LEDGINs as a potential CURE strategy

LEDGINSs function as potent ANTI-RETROVIRALS

SHOCK & KILL
With RESIDUAL integrated provirus: ‘

BLOCK & LOCK

« Shifted out of transcription units

« Shifted towards the inner nucleus

« Transcriptionally silent

« Refractory to reactivation from latency

KU LEUVEN

Vranckx et al. EBiomedicine, 2016)
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The chromatin landscape at the
HIV-1 integration site determines
viral expression

The chromatin landscape at the HIV-1 provirus integration site determines
viral expression (barcoded viruses)

Gerlinde Vansant, Heng-Chang Chen, Eduard Zorita, Katerina Trejbalova,
Dalibor Miklik, Guillaume Filion, Zeger Debyser

Nucleic Acids Research, Volume 48, Issue 14, 2020, Pages 7801-7817,




The molecular mechanism underlying
LEDGIN block and lock

B-HIVE (bar-coded HIV) B-DNA imaging
a (sensitive FISH)
s I A - /1
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Transcript
1" 0009 , 000
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b Transcript
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»
Q" probe | aweuees .
Y L Infectious
N LR 5 " Xy particles
%
pVSV-G

/ /DOUBLE Z probe

VDNA | VRNA
Advantage _ _ _ Advantage
* Measure integration sites * Image RNA transcription per DNA copy
* LinkRNA transcription to individual integration * Image location of DNA copy in the nucleus

site and its epigenetic features




LEDGINS retarget HIV-1 integration
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LEDGINSs reduce RNA expression
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Reduction in RNA expression per chromosome
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After LEDGIN treatment no-expressors are
further away from H3K36me3 (LEDGF mark)
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Distance to H3K27Ac affects RNA
transcription independently from LEDGF/p75
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Both LEDGF/p75 and super-enhancers determine
transcription levels of HIV provirus

@ LEDGF/p75-dependent

@ LEDGF/p75-independent

l

Remaining high-
expressors in presence of
LEDGINS

LEDGIN

Transcriptionally active
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The chromatin landscape at the
HIV-1 integration site determines
viral expression

Single-Cell Imaging Shows That the Transcriptional State
of the HIV-1 Provirus and Its Reactivation Potential
Depend on the Integration Site.

Janssens, J., De Wit, F., Parveen, N., Debyser, Z.
MBIO 2022.




Study the effect of LEDGINS in single cells
with bDNA imaging

» Fluorescent in situ hybridization (FISH)
» Simultaneous labelling of viral DNA and vRNA in single cells

Probe Signal Image Single cell
hybridization amplification acquisition J[z quantification
signal amplifyers ®
AMPLIFIER 4 ’.. m m‘m e =
eoe ooe >y DY
/ ignal amplifyer: =
| f o0 oo ~ g
AMPLIFIER 1 *00 o0 ‘\ &
; ; DOUBLE Z probe *g""" g”éf‘ v® >
VDNA |VRNA .
MATLAB analysis

routine




CX014442 VRNA
control 3.12 uM 6.25 uM 12.5 uM 25.0 uM 50.0 uM
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] ]

] |

unactivated

TNF-alpha
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vRNA
control 15.6 nM 31.2 nM 62.3 nM

[]

[]

unactivated

TNF-alpha
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1. LEDGINSs reduce HIV-1 integration

vDNA spots per cell

40—

10 1

HIV DNA (vDNA) spots per cell measure of integrated HIV

vDNA spots
day 11 post transduction

NS kkkk  kokk  skokkk  kokkk
o -0

o

e
‘w0 0.0 0 :
@ D o @ 0

control 3.12 6.25 125 25.0 50.0 NC

CX014442 concentration (uM)

vDNA spots per cell

VDNA spots
day 11 post transduction

ns ns ns * % *kkk
40 :

10 v

(o2}
1
o
© o
(€]
(€]
(€]
(€]

D
1
o
o
(6]

ao
2- am

control 3.9 7.8 15.6 31.2 62.3 NC

Ral concentration (nM)



2. LEDGINSs reduce HIV-1 integration and viral
RNA expression

HIV RNA (vRNA) spots per cell to measure HIV transcription (non-activated) and reactivation (TNFalpha)

VRNA spots
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3. LEDGINSs reduce HIV-1 reactivation

HIV RNA (VRNA) spots per cell to measure HIV transcription (non-activated)
and reactivation (TNFalpha)

© 10 ng/ml TNFalpha
VRNA spots

VRNA spots . day 11 post transduction
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Molecular Virology and Gene Therapy




4. LEDGINSs reduce viral RNA expression and
reactivation in primary cells

VRNA spots
day 7 post transduction
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TOWARDS A FUNCTIONAL CURE OF HIV-1 INFECTION:
BRD4 MODULATOR ZL0580 AND LEDGINS ADDITIVELY
BLOCK AND LOCK HIV-1 TRANSCRIPTION

Eline Pellaers, Julie Janssens, Lore Wils, Alexe Denis, Feng
Da, Frauke Christ, Zhang Peng and Zeger Debyser

10" BREACH S!
___November 23,2




5. Enhanced block-and-lock

How to silence
residual high vRNA expression

*Janssens et al., mBio, 2022.

VRNA spots per infected cell
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Role of BRD4 in transcriptional regulation of HIV-1

SEC
-~
'
- BRD4 displaced
from promotor
P-TEFB
P —— Tat
LLLLL

‘ +JQ1 { CTD
(LRA) - N

BRD4 competes
with Tat for the
binding of P-TEFB

Q—ead o =
)

HIV-1 transcription

x & +710580

block HIV-1 transcription
BRD4 competes

(L PA) with Tat for the
binding of P-TEFB
=7 ©— -

o
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X

block HIV-1 transcription

* Li, Z. et al., Nucleic Acids Res., 2013.
*Niu, Q. et al., J. Clin. Invest., 2019.




Role of enhancers

=2LEDGINs don't influence proximity of
integration sites to enhancers (Vansant ef al.,
Nucleic Acids Res., 2022.)

= HIV transcription 15 stimulated by integration
in proximity to enhancers (Chen ef al. Naf
Struct Mel, Biol., 2017.)

Trasacripicroiky i ) Trintesplaitally Sbisl
Hegih HIV papines s
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[ — after LEDGIN-treatment due to enhancers
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plasma viral load

Block-and-lock phenotype

Q

BLOCK LOCK

-B

+7L0580 > 5

DEEP LATENT RESERVOIR
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ZL0580 blocks Tat-dependent transcription

ZL0580 alters epigenetic environment

BRD4 competes
with Tat for the
binding of P-TEFB
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Z1.0580 and LEDGINs have
an additive effect in promoting latency

Blocking activity Locking activity
Synergy scores of non-reactivated cells Synergy scores of reactivated cells
(10 ng/mL TNF- a)
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<-10: antagonistic;

-10 to 10: additive

>10: synergistic

*Results generated with Combenefit
*Veroli G, et al., Bioinformatics, (2016).
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7. Towards the clinic

The block-and-lock phenotype in HIV patients

= Positive selection of proviruses with lower
transcriptional activity in patients on
prolonged ART (Einkauf et al. 2019, 2022)

= |n elite controllers, HIV is integrated in
regions associated with deep latency —
block-and-lock (Jiang et al. Nature, 2020)

LEDGINSs as part of ART to accelerate the natural
block-and-lock phenotype that occurs in elite
controllers and prolonged ART

KU LEUVEN

Molecular Virology and Gene Therapy



LEDGIN GS-9822 reduces viral RNA expression and
reactivation at nanomolar range

CX014442 (GS-9822

o VRNA spots
day 11 post transduction
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Bruggemans A, Vansant G, Balakrishnan M, Mitchell ML, Cai R, Chri§§u N
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LEDGIN-Iinduced selection of deep latent provirus
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Selection of integrated copies over time

Dose-dependent effect after LEDGIN
treatment

Positive selection of proviruses with lower
transcriptional activity in patients at
specific genomic locations (Einkauf et al.
2019, 2022)
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Towards clinical cure trials

* How to test?

* Time line o First as antiviral
o Measure integration
o 2003: LEDGF/p75 sites, QVOA...
o 2010 LEDGINS o For cure (remission):
o 2016: block-and-lock » brep

* Acute infection
* First line treatment

 Chronic infection:
treatment interruption??

B ) o

o Clinical tnial?



Take home message

* Let athousand flowers bloom in HIV cure research

* Block-and-lock represents an alternative approach

* thatis supported by clinical evidence (the block-and-lock phenotype)
* (Goalis to accelerate the natural block-and-lock mechanism

* Clinical trials should provide proof-of-evidence

e Research on
o Enhanced block-and-lock (combinations)
o Block-and-shock or shock-and-block

B ) o
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