HIV Cure-Related
8?/3 Research Strategies ﬁ%

¥ .

C l | RE ic ulu m This research training curriculum is a collaborative project aimed at making the science of HIV
cure-related resea

rch accessible to the community and the HIV research field.
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Module 0utlin»

* Key timeline events
* Research process overview
* Research ‘dam’ analogy

* Stem cell transplantations
* Early ART * Draining the ‘reservoir’

* Reinforcing the ‘dam’
* Making cells stronger

* Putting different
strategies together

#% CUREiculum



x
e

#% CUREiculum

Key timeline events
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HIV Cure is Rare: Elimination and
Durable ART-Free Suppression
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Hutter et al., N Engl ] Med 2010; Gupta et al., Nature 2019; Gupta et al, Lancet HIV 2019; Jiang et al., Nature 2020
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Overview of Research Process
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PRECLINICAL RESEARCH
Concept, Lab, and CLINICAL PHASE 1
Animal Studies Smaller safety studies
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SCIENCE

CLINICAL PHASE 2b/3

Even longer look at safety
and efficacy
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POST TRIAL ACCESS

\ DEMONSTRATION

PROJECTS |I PRODUCT INTRODUCTION
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Why is HIV so hard to cure?

y‘i g v ’\ /" - L ET ' ” o~ "1-1!‘
So few cells harbor HIV in people on antivirals medications
and these cells appear normal to our immune system
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Research ‘dam’ analogy
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How Can We Prevent HIV From
Rebounding Off Therapy? - V)

R. Brad Jones

1) Drain the HIV reservoir
Eliminate HIV-infected cells
“Classic cure”

2) Reinforce the dam
Boost the immune response to HIV
“Virologic suppression off ART/remission”

HIV Reser ‘e‘ el
(inaperson) ., |

SLIDE CREDIT: Jones RB. The Newest Science in Cure and Vaccine.
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Strategies Towards HIV Cure

"..\' g

R. Brad‘ Jones
Latency reversal— reactivate latent HIV with drugs

and kill with immune system

' Gene therapy to delete HIV out of cells

Gene therapy to make cells resistant to HIV

Vaccines / Immunotherapies — enhance immune
responses to control virus

_ 7 Block and lock’ — permanently silence HIV expression
(force into deeper latency)

L+
.
=
=
o
o
&
+2
0
a
o
&
‘ .
0
L 4
¥

SLIDE CREDIT: Jones RB. The Newest Science in Cure and Vaccine.
CURE iculum Plenary Presentation Main IAS 2018 Conference.



HIV Cure-Related Research
Strategies Under Investigation
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Early Antiretroviral Treatment

‘Block and Loclk’ , Latency Reversal Agents

Cell & Gene Immunotherapy
Therapy Strategies
Stem Cell

Transplantations
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Timothy Ray Brown 5

"The Berlin Patient”

o ‘3 ’ Adam Castillejo
| ( ~d “The London Patient”
y L.

7 Donor: CCR5 A32 homozygous =f= Donor: CCR5 A32 homozygous

March ||, 1966 — September 29, 2020

years

{ Recipient: CCR5 A32 heterozygous Recipient: CCR5 Wild Type
months
Acute myelogenous leukemia Hodgkins lymphoma
Two stem cell transplants One stem cell transplant
Total body irradiation No irradiation
full intensity conditioning reduced intensity conditioning
T cell depletion with ATG T cell depletion with aCD52
Mild GYHD* / 100% chimerism Mild GYHD* / 100% chimerism
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No seroconversion, lack of
adaptive immune responses

Smaller reservoirs Fiebig I/Il (1-3 wks p.i.)

<48 hours

< 6 months

-
Preserved immunity

I SLIDE CREDIT: Tiemessen CT. Post-Treatment Control. Community Cure Workshop.

% CUREiculum Saturday July 21, 2018.
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»A Following HIV Infection -
Effects of early ART | Chronic ART ;

Reduced immune activation Ea r|y ART ‘ .

Limited virus escape/diversity ‘ :
Reduced morbidity and mortality 0
Better control on ART very early ART | _
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<@>The Mississippi Child

Q,\Qf\

IV detected in blood plasma

.____E_-_-

Begins ART Stops ART

HIV detectedin blood
at 2 separate time points

#% CUREiculum

& &
’1?’6\
Tt
Long term “remission”
for 27 months
W17 /S
\\\QB:.
S\ .
~ ~
| _,,, 1 |t \\\\

HIV detected in blood plasma

m
©
4
&0
<
o
-
£4
o
0
~
O
~
]
-]
"
L
£4

Persaud et al 2013 NEJM; Luzur

iaga et al 2015 NEJM
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Draining the ‘reservoir’
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_Latency-Reversing Agents
4

P 2 i .‘?:
i )
__Integrated \ - r ~ HIV virions
HIV genome "d; 0‘ .
' ’ /? P a S8

AT NHvRNA
e AN

Activate \ Clearance
N0 YRR PR == AR =

C ‘.

‘ -
Latent infection L, Histone v e Cell death
deacetylase = Immune-based
inhibitors modulators

Illustration Credit: Grace Hsu, MS, CMI, Scientific Animation, Animation Lab: https://animationlab.utah.edu/
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https://animationlab.utah.edu/
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The immyne system is on the looks

for HIV, Winch hs entered the bedy..

HIV Seccess fuly mfilteate s
the ceh and maas itself

2 home in the call DNA

SKEYZ

Immune System

3 System of cells, tispes and
trgany withen Ehe bady that
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HIV
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research strategies
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infected
el is

ZAPPED,
it reveds

the pesty
I HIV inside!

System can Finish the ...

Seor Y b‘/ Fric Lee, Matqlda Mai & Tazmin Gozman
(Pencils) (lnks) (colors)
R
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Visual Art Credit:

Eric (Yi-Hao) Lee, Jasmin Guzman, and Matylda McCormack-Sharp
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A
VYo~ The “Block and Lock”’
4@’A roach

FYA PP

Block & Lock

- —

Transcription
inhibitor

Sleeping beauty keeps on sleeping
She never wakes up for the prince

'Kessing, Cell Report 2017; 2Ahlenstiel, Mol Ther Nucleic Acid 2015
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* ‘ SLIDE CREDIT: Ananworanich, A. Overview of Ongoing Cure Research Globally.

Community Cure Workshop. Saturday July 21, 2018.
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atety bfected (e B

A cel that is afgected by fiue BV byt
not actively producing fhe wres It s

fecogize it @ aa affected cell
because of itS inactivihy.

Block and Lack
Strategy

A strategy that targets and

silences vne HIV virus DNA in

¥he Btently-nfected ceh. The

cell can return 1o kS Normal

achivity but the viral DNA
Stays silent.

The HIV won't bother anyone now, and will
disappear at the end of +he cell life cycle.

gton, b«,: Eric Lee, Matylda Mai & Tazmin Gozman
(Pencils) (laksklettering) (colors)
‘..'. e r for
¥, U fmme s,

“YoutHa
CURE Division of Pravention Scences

Visual Art Credit:

‘ CU RE iculum Eric (Yi-Hao) Lee, Jasmin Guzman, and Matylda McCormack-Sharp
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Reinforcing the ‘dam’
¥
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The Immune Response

¢ ) o .
}'F t‘h’og%ng‘ S ¢ M ’ R make antibodies that
‘N ! ;g 2 o <5 ’ | specific pathogens
) | [ A g
» ADAPTIVE
v INFECTED ¢ IMMUNE P Yy %
) ¢ \QcELL Fae A
J,RESPONSE

L3
’ | N NATE ‘Sf‘gnallng
IMMUNE mOleCUles

RESPONSE [\ X

T cells kill pathogens and
attack infected cells

Some T and B cells
Innate immune cells

become memory cells
engulf and kill pathogens that quickly nggt
and release molecules future infections
to enhance the immune response by the same pathogen

IMMEDIATE RESPONSE DELAYED RESPONSE
Time
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A

4‘ 4» Types of HIV Therapeutic

N - 4 Vaccines

1.DNA and RNA vaccines 2 viral vector vaccines 3. Protein or peptide vaccines 3. Dendritic cell vaccines
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Illustration Credit: Grace Hsu, MS, CMI, Scientific Animation, Animation Lab:
https://animationlab.utah.edu/
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’ IMMONOTEAN: POMiER P

ﬂ\g immene system s f.ght!ng 2 losing b;nle
2aainst IV, Which rapidiy reproducing ..

< KEYZ

But it Looks like help
is on the wau!

The bedy has
been injected
in an effort
to help the

of HIV more
effectively,

immune System

Immune System
A wystem g (fhus bssoesh 2od
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HIV ¥

(Huwssn wmanodeficiency Viros)
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response agdiask HIV I
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” | the injection,
the immune B-Cell @ +B
System is now An immune System (el that
Stronger and mekes antibodies and de xlops
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Visual Art Credit:
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Passive Immunization: "¢ & |
Broadly Neutralizing Antibodies .

Isolate broadly +

y neutl:ﬁznganubocﬁes '
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B cells from HIV-positive Fo |
individuals 0
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inhibit HIV -
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https://animationlab.utah.edu/

Creating Super T Caells

A
‘9’ Genetic Engineered T cells:
- >
a2k £

Chimeric Antigen Receptor
(CAR)T cells

HIV-infected cell
with surface
expression of
HIV envelope

Single chain variable fragments
derived from bNAbs

0 % ‘.L

‘ -.‘S‘ufperT CE"’ N CAR-T cell therapy in

virally suppressed people on ART
(China; NCT03240328)

Modified from a slide by Dr. Thor Wagner (U Washington)
Hale and Wagner, Mol Ther 2017; Alj, | Virol 201 6;
Liu, J Virol 2016; Hale, Mol Ther 2017

e SLIDE CREDIT: Ananworanich, A. Overview of Ongoing Cure Research Globally.
# CUREiculum going ’

Community Cure Workshop. Saturday July 21, 2018.
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Making cells stronger




A
‘®(>What is Cell and Gene

-«
AV A Modification?
= A branch of Regenerative Medicine, an emerging field that involves the

"process of replacing, engineering or regenerating human cells, tissues or
organs to restore or establish normal function”.

= Gene therapy is the delivery of therapeutic gene into a patient's cells to
treat disease.

. gell therapy is the delivery of intact, living cells into a patient to treat
isease.

* Combination Cell/Gene Modification approaches that seek to insert
genes into a patients’ own cells to control or kill HIV are in clinical trials
now.
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Y  Somatic versus Germline
> [ ) [ }
Modification

SOMATIC

GERMLINE

medicine 7o He Jiankui’s
& research v "\ | experiments

Plastic - KN Designer
surgery HHE A babies
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vA ¢
‘@’ Cell and Gene Modification
y 2 v 4
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‘ CURE iculum Scheufele DA et al. U.S. Attitudes on Human Genome Editing. Science 2017; 357 (6351): 553 - 4.




gene-edited cells

Re-infuse
Put the modified cells

back into the patient

A 0
. Moadification Occurring Outside |
° al
N - « the Body ‘ExVivo’ (4 0
L

Sofati\:r'\‘;fodegi:dncfllfylgees'f‘:f tyhe patient, followed Outside of the bOdy =

by gene modification and reinfusion o

s

Collect cells from patient L)

Isolate T cell from leukapheresis

or stem cell from bone marrow U)

9 Gene modification e

£

-

o ©
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lllustration Credit: Grace Hsu, MS, CMI, Scientific Animation, Animation Lab:

* CURE iCU.].U.m https://animationlab.utah.edu/




v A

4 Modification Occurring Inside
‘ the Body ‘In Vivo’ (%

In vivo gene therapy

Vectors or nanoparticles are used to carry anti-HIV
genes to the target cells in situ
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Inside of the body

Vectors Nanoparticle

*CUREiCU.lU.m lllustration Credit: Grace Hsu, MS, CMI, Sci on Lab: https://animationlab.utah.edu/
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IAROTEIN: DEFEND 1 ASSIST

The Immune System and cells are being taken ko3 training '

school to learn how to defend the body against HIV..

The Immune System learns how to
locate and protect against HIV..

f.\

The other cells learn how to
shield themselves against HIV

—KE) =

|mmune System
(imchodes aﬂw o)
RO AT
infections aad diseases

Vige g

HIV 3%

(Soman Inmusedeticiency Virus)
A vires TAGL enters and attacks
the cals thathel o Figh ot
infections,
highiy wm a::.::‘ nd
nfeckions

(enetic material found in A
lm’-morgaﬁws that cont dint
the main constitvent of thramg
Somes. Ikis Self- m.u.'ﬂ‘._
and contains A genetic info

(ene Editing

There are two man forms :

1. (e¥s are taken owt of the
tokate some of their
Genekic Chatacteristics medified.
2 Genes in the ceds e meélied
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W T RATEE T OWTR WRTE WU TR TRW

After their l:fainine, they are taken back to teach and assist :n::hqare il inside the

the other cells how to Find, protect and defend against HIV, Goal: To wake specific cefs

fesstant to or better ot Fignts

: WY, or to dhange the HIV ilself
o Rl S0t becomes ineffective.

5 Cene Direct Approach
K Yy
tter
00 fignting . ¢

" Tomake meune cels
resstant to HIV eatry

.-

Ston/ bc/: Eric Lee, I"latqlda Mai & Tazmin Guzman
(Pencils) (lnks&lttt«ing) (colors)
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Visual Art Credit:

‘ CU RE iculum Eric (Yi-Hao) Lee, Jasmin Guzman, and Matylda McCormack-Sharp




Treatment Action Group
Research Towards an HIV Cure (Trials

TAG

i e L Research Toward a Cure June 15, 2021

Table 1. Current Clinical Trials

Trial Registry Identifier(s) Sponsor(s) Estimated End
Date/Interim
Results
ADOPTIVE IMMUNOTHERAPY
alloRESIST: Evaluate the safety, immunologic, and NCT04248192 Catherine Bollard, Children's Research Phase | April 2024
virologic responses of donor derived HIV-specific T- Institute
cells in HIV+ individuals following allogeneic bone
marrow transplantation
HST-NEETs: HIV-1 specific T-cells for HIV-infected NCT03485963 Children’s Research Institute Phase | December 2021
individuals
ANTIBODIES
VRCO01 (analytical treatment interruption in HVTN NCT04860323 HIV Vaccine Trials Network N/A November 2022
703/HPTN 081 AMP trial participants)
VRCO01 (analytical treatment interruption in HVTN NCT04801758 HIV Vaccine Trials Network N/A June 2022
704/HPTN 085 AMP trial participants)
GSK3810109A (broadly neutralizing antibody formerly | NCT04871113 ViiV Healthcare Phase lla | October 2023
named N6-LS) (not yet open for enroliment)
10-1074-LS + 3BNC117-LS in primary HIV infection NCT04319367 Imperial College London Phase Il March 2025
(not yet open for enroliment)
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* List of trials and pipeline report
% C U RE iculum https://www.treatmentactiongroup.org/cure/trials/
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Combination Approaches

Immunotherapy

Cell & Gene
Therapy

Early Treatment

bNADbs
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Latency
Reversing

Block and Lock
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Questions for Discussion
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