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Declara¢ao de conflitos

Para a presente apresentagao:

“nada a declarar”




Interacao HIV versus hospedeiro humano

vantagem para o virus

Fases da complexa interag¢ao “virus/ser humano”:
- Fase inicial : parcialmente controlada pela resposta imune do hospedeiro
embora robusta, nao suficiente para erradicar o virus
- Fase assintomatica (cronica): periodo inicial de certo “equilibrio” entre o virus e o
sistema imune, lentamente progredindo a favor do virus
- Fase tardia - AIDS: previsivel para a maioria dos pacientes sem tratamento

A questao da cura da infec¢ao pelo HIV tem sido apontada como uma
“tarefa herculea”:

enorme complexidade da interacao “virus/ser humano”

Meta final: completa erradicagao do virus - “cura esterilizante”
Meta mais factivel: obtencao de “controle livre de ARV*“
sem progressao - “cura funcional”

Shytaj IL & Savarino A: Retrovirology 2013




TARV: obtencao de “infec¢ao cronica controlavel” — SUCESSO!

A TARV sistematicamente reduz a viremia a niveis abaixo
do limite de deteccao dos testes da rotina clinica e retarda
a deterioracao imune, mas nao é suficiente para:

- extinguir os “reservatorios” do HIV
- induzir resposta eficaz contra o HIV

Os “reservatorios virais” sao formados precocemente durante
a infeccao aguda e sao fontes estaveis de “persisténcia viral”,
abrigando cdpias latentes de virus integrados, que sao
“invisiveis” ao sistema imune e nao afetadas pela TARV

Shytaj IL & Savarino A: Retrovirology 2013




Persistencia do HIV durante a HAART

HIV infection is characterized Antiretroviral drugs are HIV rebounds after
by high levels of circulating capable of suppressing HIV to stopping therapy
viruses in the blood undetectable levels
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* Infeccao pelo HIV: elevados niveis de replicacao viral (plasma “viral load”)
* HAART: reduz a “viral load” a niveis indetectaveis (testes em uso clinico)
* Interrupc¢ao da TARV: reaparecimento da replicacao viral




Low-level viremia (< limite de detecc3o)
durante supressao viral sob HAART

80% pacientes com viremia detectavel — média 3,1 cps/ml
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HIV: reservatorios latentes
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A infecgdo de linfocitos CD4 pelo HIV resulta em morte celular/apoptose
na maioria das células. Mas, algumas células retornam a um estado de
quiescéncia, como células CD4 de memoria. Elas contém uma cdpia integrada
do genoma viral (red) dentro de seu DNA (black) e sao transcripcionalmente
silenciosas, com expressao viral ausente



Persisténcia do HIV: um desafio para a cura

Integracao do DNA viral no genoma
da célula hospedeira
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The diversity of the
tissues and cellular
types in which HIV
persists, as well as the
multiplicity of the
molecular mechanisms
contributing to HIV
persistence, complicate
the efforts to develop
a safe, effective,
and globally accessible
cure for HIV

Kulpa DA & Chomont N: J Virus Erad 2015; 1:59-66




Persistencia do HIV sob HAART

» Linfocitos CD4: principal alvo da infec¢do pelo HIV

- |I1fEC§¢':~\O ativa/prod utiva: caracterizagao de replicacdo: HIV-RNA
- significativamente reduzida pela HAART (mas n3o eliminada)
- persistente em “santuarios”

“residual levels of viral replication not fully suppressed in
drug-previleged anatomical compartments”

- Infecgﬁo latente: caracterizacio de laténcia: HBV-DNA

CD4 cells carrying integrated viral genome that can
reactivate and reignite infection

e Qutras células: monécitos/macréfagos, microglia...

Kulpa DA & Chomont N: J Virus Erad 2015; 1:59-66



HIV persisténcia sob HAART: multiplas razdes

e replicacao viral residual nao completamente suprimida:
compartimentos anatomicos privilegiados

e persisténcia de pequeno “pool” de “resting latent cells”: albergam
genomas integrados silenciosos capazes de reativar a infecgao -

e disfuncao imune persistente: incapaz de controlar a replica¢do residual >
e a reativacao das células latentemente infectadas

“viral reservoirs”: cell types or anatomical sites in association
with persistent “replication-competent virus”

 “latent reservoirs”: estabelecidos durante a fase inicial da infec¢do — “long life span”
“resting” T CD4, macroéfagos, “resident” macrofago/microglia do SNC
& GALT “gut-associated lymphoid tissue” /macréfagos

Kulpa DA & Chomont N: J Virus Erad 2015; 1:59-66

Kumar A et al.: Clinical Epigenetics 2015
DOI 10.1186/s13148-015-0137-6




Contribution of CD4+ T cell subsets to the HIV reservoir
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CD4+ T cell subsets: memory status (top) or effector functions (bottom)

Cell-surface markers & production of specific cytokines: identify each individual subset
The relative contribution of each subset to the HIV reservoir is indicated (arrows)

Kulpa DA & Chomont N: J Virus Erad 2015; 1:59-66
Geginat et al.: Semin Immunol 2013; Front Immunol 2014




HIV: ongoing viral replication & persistence
cellular reservoir & anatomical sanctuary sites

Another source of residual viraemia is represented by HIV
persistence and replication in tissues where the penetration of
antiretroviral drugs is suboptimal
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d’Arminio Monforte A et al.: AIDS 2014, 28:1-7




Persistent HIV-1 replication is associated with lower
antiretroviral drug concentrations in lymphatic tissues

ARV therapy can reduce HIV to undetectable levels in peripheral blood

Replication in lymphoid tissue reservoirs:
lymph node samples before & during 6 mo of treatment => tissue concentrations of 5 frequently
used ARV drugs => much lower than in peripheral blood

Lower concentrations correlated with:

a) continued virus replication (slower decay or increases in the follicular dendritic cell
network pool of virions)
b) detection of viral RNA in productively infected cells

The persistent replication associated with apparently suboptimal drug concentrations argues for
development and evaluation of novel therapeutic strategies that will fully suppress viral replication

in lymphatic tissues and could avert the long-term clinical consequences of chronic
immune activation driven directly or indirectly by low-level viral replication to
thereby improve immune reconstitution.

Fletcher CV et al.: Proc Natl Acad Sci USA 2014




Persistent HIV-1 replication is associated with lower
antiretroviral drug concentrations in lymphatic tissues

Decreased Drug Concentrations in Lymphatic Tissue lymph node, ileum, rectum
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Fletcher CV et al.: Proc Natl Acad Sci USA 2014



HIV/AIDS: caminhos para a “cura”!

1.

a.
b.

HIV infecg¢do:

HIV: cura “esterilizante” (cura virolégica; ou bioldgica)
HIV: cura “funcional”

- experiéncias clinicas de sucesso (limitado)

- laténcia & reservatorios do HIV
{ estratégias para erradicagdo do HIV
ou contréle do HIV (“drug-free control”)

2. HIV doenca: AIDS

eliminagdo/controle da doeng¢a (“end of epidemic AIDS”, “AIDS-
free world”) — UNAIDS 90-90-90 treatment: targets for 2020




HIV: EStratégiaS cura funcional & esterilizante

observacoes & intervencgoes...

HAART: intensificacao - tratamento precoce
Transplante de “stem cell”

Manipulacao génica — “knockout” do coreceptor CCR5

Reversao da laténcia viral — ”"purging”
“kick & kill”

“Enhancement” da resposta imune - vacinas

terapéuticas
etc.




HIV: EStratégiaS cura funcional & esterilizante

observacoes & intervencgoes...

 HAART: intensificacao - tratamento precoce




HIV: EStratégiaS cura funcional & esterilizante

0s caminhos...

Terapia antirretroviral combinada (cART) de elevada poténcia (HAART)

elevado potencial de inibicao da replicagao viral => regra: obtencao de “viral load”
nao detectdvel (plasma) pelos testes de uso clinico

a. HAART: permanente... racional:
b. HAART: intensificacdo reducdo (mesmo eliminag¢ao?)
dos

reservatarios virais
(inclusive os “latentes”)

c. HAART: inicio precoce




Extremely slow decay of the latent reservoir
in patients on HAART
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10,000
100
1

0.01

cells (IUPM)

0.0001

Latently infected

0

1

> 3 4 5 & 7 8
Time on HAART (years)

b 18 patients without blips

10,000

1
0.01

cells (IUPM)

0.0001

1001

Latently infected

0

1

2 3 4 5 6 7 8
Time on HAART (years)

Decay of latent infected cells
in adult patients on cART

with suppression of viremia
(resting CD4 T cells harboring
replication-competent HIV)

Decay: half-life approx.
44 months
eradication based on
cART would take up to
73,4 years

Heavy black line: mean decay rate; light black lines: 95 CI

Siliciano JD et al.: Nature Medicine 2003; 9:727-8




HAART: intensificacao do tratamento

« substancial quantidade de estudos avaliaram o efeito
da intensificacao da cART sobre o residuo viral
(HIV-RNA & HIV-DNA)

* Inclusao de diversos ARVs: enfuvirtida, IP/r (ATV, LPV, DRV)
e raltegravir em adicao a regimes ja supressivos

 desapontamento: como regra tais estudos falharam em
demonstrar cabalmente a ocorréncia de declinio da
viremia HIV-RNA residual ou do HIV-DNA celular

detalhe:
« raltegravir: conjunto dos estudos sugerem um minimo

efeito sobre a viremia “low-level” persistente e o nivel
de HIV-DNA em sangue ou tecidos

Josefsson L et al.: Curr Opin ID 2010; 23:628-32; Maldarelli F: Curr Opin HIV AIDS 2011; 6:49-56;
Doyle T & Geretti AM: Curr Opin ID 2012; 25:17-25; Blanco JL & Martinez-Picado J: Curr Opin HIV
AIDS 2012; 7:415-21



HAART: intensificacao do tratamento

maraviroc (antagonista de CCR5): um recente pequeno estudo, ndo randomizado —

achados intrigantes: maraviroc por 48 sems. adicionado a CART supressiva em
10 pacientes:

aumento do HIV-RNA (ensaio de 1 cp/ml) & de circulos de “2-LTR” de HBV-DNA epissomal
& significante reducao do HBV-DNA (teste: IUPM)

Unica intervencéao revelando diminuicdo no nimero das “latently infected cells” usando
intensificacdo de cART supressiva

mecanismo: néo claro

cDNA linear

|[UPM (infectious units per milliom): measures cell capacity to
I:l produce infectious virus by dilution co-culture assay; heavy
| integracdo | technique, high amount of blood (180 ml)

equiv. VOA (viral outgrowth assay)

Ao egracio ncada Gireulo 1-LTR Cireulo 2-LTR HIV-DNA integrado & nao integrado:

com rearranjo

e _— e produto da transcricdo reversa o DNA linear além da
integracdo tem outros destinos: varias formas

circulares (1-LTR & 2-LTR) presentes nas células
A AN AN = VANY/A VAN .
infectadas

DNA proviral integrado

degradacao

LTR = long terminal repeat

Sloan RD & Wainberg MA: Retrovirology 2011; 8:52



How does the timing of ARV therapy initiation
in acute infection affect HIV reservoirs?

Early ARV therapy limits the size & alters the distribuition in CD4 T-cell subsets of the latent
HIV reservoir — may be the first critical step for remission or cure by limiting the HIV reservoir

(@)
Naive “Stem cell” Central Transitional Effector Terminally
memory memory memory memory differentiated
- @-0-0-O
(b)
Chronic
infection
Latent
reserVOIr
Years of : '
ART
Acute/Recent
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BOO@| i reserar
ART reservoir?
-

000 = c0®

Ananworanich J et al.: Curr Opin HIV AIDS 2015; 10: 18-28




The Mississippi Baby

The MiSSiSSippi baby became infected by her mother around the
time of her Birth. physicians initiated hlghly active antiretroviral
therapy within 30 hours of birth. The child appeared to have
achieved a "sterilizing" CUre after the rapid initiation of antiretrovirals
and treatment was withdrawn. However, 27 months
after treatment had been discontinued, the child experienced a viral
rebound and physicians reinstated antiretroviral therapy.

Conclusao: “cura funcional de duracao transitoria !

Persaud D et al.: N Engl J Med 2013



Estudo VISCONTI.racional

* HIV contollers: espontaneamente controlam a replicacao viral, com
indetectabilidade por muitos (indefinidamente?) anos

* Questao: é factivel para outros pacientes alcancarem um status simile?
ou seja: remissao e cura funcional

Evidéncias recentes: tratamento precoce durante a infe¢cao primaria

proporciona long-term beneficios quanto a:
i) replicagao viral residual; ii) diversidade e reservatorios virais
iii) imunidade inata e de célulasTe B iv) restauragao imune

as contagens de células CD4 sao mais elevadas e o rebound viral ocorre mais
tarde (e em nivel inferior) apds a descontinuac¢ao do tratamento, quando iniciado
durante a infec¢ao primaria

Saez-Cirion A et al.: PLOS Pathogens March 2013



Estudo VISCONTI . curafuncional

HIV infecgao 12: TARV precoce (<6m.) => prolongado controle da
viremia e CD4 estavel em 14 pacientes apds interrup¢ao
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Long-term control of viremia and stable CD4+ T cell counts in patients after
interruption of antiretroviral treatment initiated in primary HIV-1 infection

Saez-Cirion A & The ANRS Visconti Study Group: PLOS Path 2013




“functional cure”: similar to “HIV controllers” - to achieve viral remission: HIV remains at low
levels controlled by the host in the absence of cART - status for 5-15% of patients treated very
early during primary HIV infection for long periods who experience treatment interruption

afterwards - known as “PTC = post-treatment controllers”
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“HIV controllers” or “elite controllers”: small %
of HIV patients that can naturally control viral
replication below the levels of detection with
standard clinical assays - important model to
understand the mechanisms underlying control
of infection in the absence of treatment

PTC=post-treatment controllers differ from
HIV controllers in terms of HLA class | profile

The frequencies of the protective alleles HLA-B*27
and B*57 and the risk alleles HLA-B*07 and B*35
in the general French population (n = 6094), HICs

(n=148) and PTCs (n = 28)

VISCONTI: 3 years CART duration after
primary infection; after interruption: PTCs
presented a median sustained control for

7years. Acute phase: PTCs had higher
viremia & lower CD4 counts than patients
who naturally control infection afterwards.
In addition: PTCs different genetic
background




-Estudo VISCONTI

Viro-Immunological Sustained CONtrol after Treatment Interruption

Post-Treatment HIV-1 Controllers with a Long-Term
Virological Remission after the Interruption of Early
Initiated Antiretroviral Therapy ANRS VISCONTI Study

Combination antiretroviral therapy reduces HIV-associated morbidities and mortalities but cannot cure the infection. Given the difficulty of eradicating HIV-1, a

functional cure for HIV-infected patients appears to be a more reachable short term goal. We identifiEd 14 HIV patients
(post-treatment controllers) whose viremia remained controlled for several
years after the interruption of prolonged cART initiated during the primary

|nfECt|0n. Most PTCs lacked the protective HLA alleles that are overrepresented in spontaneous HIV controllers. Accordingly, the PTCs had poorer CD8+

T cell responses and more severe primary infections than the HICs did. Off therapy, the PTCs were able to maintain and, some cases, further reduce an extremely
low viral reservoir. We found that long-lived HIV-infected CD4+ T cells contributed poorly to the total resting HIV reservoir in the PTCs because of a low rate of
infection of naive T cells and a skewed distribution of resting memory CD4+ T cell subsets.

Our results show that early and prolonged cART may allow some individuals
with a rather unfavorable background to achieve long-term infection control
and may have important implications in the search for a functional HIV cure

Saez-Cirion A & The ANRS Visconti Study Group: PLOS Path 2013



-Estudo VISCONTI- 74 pacientes

Perda do controle da viremia ap0ds interrup¢ao da TARV iniciada dentro
de 6 meses da aquisicao do HIV
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Saez-Cirion A & The ANRS Visconti Study Group: PLOS Path March 2013



OPTIPRIM-ANRS TRIAL: Intensive five-drug ART regimen vs standard

triple-drug therapy during primary HIV-1 infection
randomised, open-label, phase 3 trial

Early cART initiation at the time of primary HIV-1 infection could restrict
the establishment of HIV reservoirs. Aim: effect on HIV-DNA load of a
intensive regimen (with RAL and MVC) compared with standard triple-drug cART

Inclusion criteria: primary HIV infection (an incomplete HIV western blot and detectable
plasma HIV-RNA), with either symptoms or a CD4+ cell count below 500 cells/pL

Random (1:1) : 5-drug intensive regimen (RAL, MVC plus TDF/FDC, DRV/r)
or standard 3-drug cART regimen (TDF/FDC, DRV/r)

Primary endpoint: median number of HIV-DNA cps/10° PBMC at month 24
(analysis: modified ITT population)

France (April 26 2010 - July 13 2011): 92 randomised and 90 started treatment
(45 in each treatment group)

Chéret A et al. (for the OPTIPRIM ANRS Study Group): Lancet Infect Dis 2015; 15:387-96



OPTIPRIM-ANRS TRIAL

Median HIV-DNA load and change from baseline (24 mo.)
modified intention-to-treat population
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Chéret A et al. (for the OPTIPRIM ANRS Study Group): Lancet Infect Dis 2015; 15:387-96



OPTIPRIM-ANRS TRIAL

HIV-RNA, HIV-DNA, and CD4: patient in the standard cART group
who achieved PTC = post-treatment controller status
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viral load < 50 cps/ml for at least 24 months after treatment interruption

Chéret A et al. (for the OPTIPRIM ANRS Study Group): Lancet Infect Dis 2015; 15:387-96



OPTIPRIM-ANRS TRIAL: interpretation

* Largest study: no difference in HIV-DNA load between intensified ART & standard ART

* HIV-DNA declined substantially in both groups

* More than 90% of patients < 50 HIV-RNA cps/ml

* Intensive regimen: particularly effective at reducing the HIV-RNA load in the first 3
months; significant proportion of patients: low but persistent viral replication until
month 18 (paradoxical result: transient effect of MVC on immune cell trafficking through
CCR5 blockade)

* First time: standardised interruption of an early cART regimen can lead to posttreatment
controller status

Suggestion: continuous decrease of HIV-DNA until month 24 suggests that more than 2 years of
treatment initiated at primary HIV-1 infection would increase the effect of combination ART on HIV in
patients with primary HIV-1 infection.

Together, these results reinforce the recommendation that treatment started at the time of primary
infection is essential, and the findings should contribute to the design of trials aiming to decrease the
HIV reservoir and achieve lifelong HIV remission in patients with primary HIV-1 infection




HIV: EStratégiaS cura funcional & esterilizante

observacoes & intervencgoes...

* Transplante de “stem cell”



The Berlin patient

Long-term control of HIV by CCR5 Delta32/Delta32
stem-cell transplantation

Infection with the human immunodeficiency virus type 1 (HIV-1) requires the
presence of a CD4 receptor and a chemokine receptor, principally chemokine
receptor 5 (CCR5). Homozygosity for a 32-bp deletion in the CCR5 allele
provides resistance against HIV-1 acquisition.

We transplanted stem cells from a donor who was
homozygous for CCR5 delta32 in a patient with acute myeloid
leukemia and HIV-1 infection. The patient remained without

viral rebound 20 months after transplantation and

discontinuation of antiretroviral therapy.

This outcome demonstrates the critical role CCR5 plays in maintaining HIV-1 infection.

Hiitter G et al.: N Engl J Med 2009




HIV & CCR5 Delta32/Delta32

(homozygozity: 32-bp deletion)

CD4 5 Coreceptor B Virus-Cell
Binding Binding Fusion
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“Paciente Berlim”: unico caso de cura virolégica

HIV-1 RNA {comies periml)

First bone marrow Second bone marrow
transplantation (CCRS A32 || transplantation
AML diagnaosis homaozygous donor) (same donor)
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Berlin patient before transplantation: 2.9% of CXCR4 using viruses
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The “Boston patients” TMO com “GvH”

Boston patients: ambos transplantados (TMO) para tratamento de linfoma
em 2008 e 2010. ARVs mantidos ap6s o TMO
Oito meses apos TMO: “not detect any sign of HIV in the blood”

Inicio de 2013: decisao de interrupcao dos ARVs em ambos
A seguir: “they appeared to remain HIV-free”

Julho 2013: “they may have been cured”
Rebound: em agosto & novembro de 2013
Ambos pacientes: seguem em “good health and back on ARV therapy”

* “underlying how inginious HIV can be in finding places in the body to evade
attack efforts by the immune system”

* “the HIV reservoir is deeper and more persistent than previously known”
* “the current standards of probing for HIV may not be sufficient”

Henrich T & Kuritzkes D: Brigham & Women’s Hospital — Boston / Harvard




HIV cure research:

hematopoietic stem cell transplantation
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1 F i3 ARdL Allogeneie  CcART bedore and after Mo detectable HIV RMA on cART Alive alter 42 meonths of Follow
& ] [ Evierne Cransplantation, with Froom day 210 alter rransplantation. wpe
ETRArTO ) interruptions due o side-
eflects.
L al 14 M F 27-53 Bl HL. Aumologaous cART bedore and after Mo detectable HIV RMA on cART in Five patients werne aslive.
MHL rransplantaticon. three patients who survised.
1 4 A 31-58 Bl HL. Aumologaous cART bedore and after D cART The four patients woere alive
Z 7 MHL rransplantaticon. Mo detectable HIW BMA alver alfper 12 months of follow ug.
cransplantatian [wie patienis]),
wiral losd rebound [Dwo patients
Derectable HWV DNA a0 month 12
after ransplantaticn for all
Pafsens
1 R 17 BLAML Allagenes: CcART belore and afvers Uinderectable RRA and DMNA on cART. Death 191 days after
[ Evierne Cransplantation, with Derectable HIWV EMA and DNA an day  Cransplaniaticn
ETRArTO ) interruptions due o side- 16 alfter TI.
eflects.
1 ] i ARdL Allogeneixe Donor homozygous or CCRS Mo cART. Mo trace of HIV alter Alive alter & years of Follow up.
[ Boae A32 B vears al follow-up. Canzidered the Mrsr case al
ETRATTOW |
24 M[F = 45 HL, NHL Aunmologous CART belore and after O cART
(= 15] rransplantation, with Derectable HIW BMNA and DRA alter characteristics comparable o
=45 interrmuptions due o side- cransplantatian. HIV negative patienis.
B effects (m—E). HIW DNA significantly lower at
manth 2d than those ar baseline
1 (L | 24— Bl BL. HL. Autologaus cART belore and alter O CART. Alive with underectable VL by
MHL cransplantation, with Derecrable HIW BENA (D710 consentional methods, but with
inferruplions due Lo Side- pateenis) and DMNA (10010 derectable protviral DA,
effects (n—3]. parienis) alter rransplantation.
2 R Ml HL Allagenew: CcART belore and alvers Underectable HIWV BENA on cART, Alive 5 and 3 years after
[ Boernee cransplantation. derectable alfter TL transplantaticay, bul wiremis
ETRArTO ) Derectable HIWV DNA early alter rebounded afver TI1
ransplantation and anderectablbs
in bong perem Tolbaw-up.
LUniversicy ol 1 ] 12 ALL Allogeneixe Donor homozygous or CCRS Mo detectable HIV after treatment ied 2 months after
Minnesola [oord A32 deletvan. discontinuation. transplantation by a sevens
I sl Bloosd ) grali-versus-host disease.
publizhed)

ALL: acute lymphoblastic leukemia; AML: Acute myeloid leukemia; BL: Burkitt lymphoma; BM: bone marrow; F: Female; HL: Hodgkin lymphoma; M: male; NHL:
non-Hodgkin lymphoma; NA: not available; PBMC: Peripheral blood mononuclear cells; PCR: polymerase chain reaction; Tl: treatment interruption; VL: viral loa

Passaesa CP & Saez-Cirion A: Virology 2014



HIV cure research:
hematopoietic stem cell transplantation (HsC)

Study Patients Diagnosis Graft type Strategy against HIV infection Effect on HIV persistence Clinical Outcome
Relerence N Gender Age
Cabarreetal. 14 MF -~ 27-33  BLHL  Autologous cART before and after No detectable HIV RNA on cART i~ Five patients were alive
2004) NHL transplantation, three patients who sunived.
Simonell 24 M/F <45  HL NHL Autologous cART before and after On cART Alive, immunologic
et al. (2010} (n=15) transplantation, with Detectable HIV RNA and DNA after  characteristics comparable to
> 45 interruptions due to side- transplantation. HIV negative patients.
(n=9) effects (n=8). HIV DNA significantly lower at
month 24 than those at baseline,
Clloetal. 10 M 24-60  BL HL  Autologous cART before and after On cART. Alive with undetectable VL by
(2013) NHL transplantation, with Detectable HIV RNA (9/10 conventional methods, buf with
interruptions due to side- patients) and DNA (10/10 detectable proviral DNA.
effects (n=3) patients) after transplantation.

Several studies: autologous or allogeneic HSC transplantation in association with ARV therapy as a strategy to eradicate HIV in
seropositive patients diagnosed with leukemia and/or lymphoma

HIV detection after transplantation: either following therapy withdrawal or because the therapeutic regimen was not able to
completely eliminate the viral reservoirs. In addition, in several cases, the patients died after transplantation
HSC transplantation to eradicate the virus: successful only in the Berlin patient

Passaesa CP & Saez-Cirion A: Virology 2014



HIV: EStratégiaS cura funcional & esterilizante

observacoes & intervencgoes...

 Manipulacao génica — “knockout” do coreceptor CCR5




“knockout” do CCR5: terapia génica

Adenovirus
vector

Zinc-finger
nucleases

Mutant /
CCRS _f')
genes :
' CD4
receptor

|
\X ...........

~ HIV

2N

HIV finds no CCR5
receptor to bind.
Cell is resistant

to HIV \

Introduction of a mutant copy of the gene for the HIV co-
receptor CCR5 into the T cells of HIV patients. This prevents
the expression of CCR5 on the cell’s surface, and thus inhibits

HIV from infecting cells Sangamo Biosciences

HIV penetra nas
células por meio
receptores (CD4,
CCR5... ). Zinc fingers
nucleases (ZFN)
expressas por
adenovirus
recombinantes podem
bloquear a expressao
do gene CCRS5,
tornando a célula
desprovida de CCR5 e
resistente ao HIV

Kent SJ et al.: Lancet ID 13 July 2013




CCR5D32 mutation and HIV infection: basis for curative HIV therapy

Clinical trials of CCR5 gene editing-based cell therapy for the treatment of HIV-infected persons

Intervention Phase Recruited subjects (n) Qutcome measures Status Institution/
(ClinicalTrials.gov Company
identifier)
Single dose of ZMF-modified Patients on cART with PR: Safety, Side-effect Published [3177] University of
autologous CD4" T cells or without treatment profile (NCTODB42634) Pennsylvania,
failure (12) SRY: Effect on viral load Albert Einstein
and T cells College of
Medicine,
Sangamo
Biosciences
Escalating doses of ZNF-modified Patients on cART with PR: Safety Completed Sangamo
autologous CD4* T cells or without heterozygosity SRY: Long-term (NCTO1044654) Biosciences
for CCR5A32 mutation (19)  persistence and activity
of modified cells
Single dose of ZFN-modified 11l Untreated viremic PR: Safety and Completed Sangamo
autologous CD4* T cells patients (21) tolerability (NCTO1252641) Biosciences
SRY: Persistence of
modified cells,
Effect on HIV and
CD4' T cells
Single dose of ZFN-modified Aviremic patients on PR: Safety Recruiting University of
autologous CD4" T cells with cART with or without (NCTO2388594) Pennsylvania,
and without cyclophosphamide CCR5A32 mutation (15) Mational
conditioning/pretreatment Institute of
Allergy and
Infectious
Diseases
Escalating doses of cyclophosphamide I/l Aviremic patients on PR: Safety Recruiting Sangamo
administered before single dose cART (26) SRY: Engraftment (NCTO01543152) Biosciences

infusion of ZFN-modified
autologous CD4" T cells

of modified cells,
Effect on HIV and
CD4* T cells

PR: primary outcome; SRY: secondary outcome

Allers C & Schhneider T: Curr Opinion Virol 2015; 14:24-29




Gene therapy on the move:
In vivo and ex vivo gene therapy concepts
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Kaufmann KB et al.: Mol Med 2013; 5:1642-61




Bone Marrow Gene Therapy for HIV/AIDS (review)

Bone marrow gene therapy remains an attractive option for treating AIDS caused by HIV. This
technology combines the differentiation and expansion capacity of hematopoietic stem cells
(HSCs) with long-term expression of therapeutic transgenes using integrating vectors

Clinical trial of HIV gene therapy based on modified HSC transplantation

Gene Therapy Mechanism Phase

Rev-responsive element decoy (Rev protein) Pilot
Trans-dominant Rev (Rev protein) I-11

Ribozyme (Tat/Rev mRNA) I1

11
Combinatorial trans-dominant Rev (Rev protein) and antisense (Pol mRNA) I-11
ICombinatorial strategy: fusion inhibitor C46 (Env protein) and shRNA (CCRS5) [-11
Combinatorial strategy: shRNA (Tat/Rev mRNA), Pilot
ilo

TAR decoy (Tat protein) and ribozyme (CCRS)

Herrera-Carrillo E & Berkhout B: Viruses 2015; 7:3910-6



HIV: EStratégiaS cura funcional & esterilizante

observacoes & intervencgoes...

 Reversao da laténcia viral — ”purging”
“kick & kill”




cromatina

Mecanismos epigenéticos que regulam
a expressao dos genes

O genoma das células dos
mamiferos esta
acondicionado no ntcleo
via empacotamento do
DNA ao redor de histonas
(estrutura conhecida como

cromatina). O estado On e

Off da expressdo do gene
é regulada por: DNA
methylation, post-
translational modifications
of various residues within
histone tails, and non-
coding RNAs

Zeybel M et al.: J Hepatol 2013; 59:1349-53



Histone

Histone tail

DNA inaccessible, gene inactive

Histone tail

Acetyl group

DNA accessible, gene active

Methylation of DNA and
histones causes nucleosomes
to pack tightly together.
Transcription factors cannot
bind the DNA, and genes are
not expressed.

Histone acetylation results

in loose packing of nucleo-
somes. Transcription factors
can bind the DNA and genes
are expressed.



Inibidores das deacetilases histonicas

HDACs inhibitors for “purging” HIV-1 from the latent reservoir

DNA
Histone
Acetyltransferases
Histone
Complex @

Heterochromatin

Region of DNA

unavailable for
transcription

Histone
Deacetylases

Unwound region
of DNA now
available for

transcription

Matalon S, Rasmussen TA & Dinarello CA: Mol Med 2011; 17:466-72



HIV latency reversal agents
various phases of HIV therapeutic development

Larency rewversal Class of Agent tested on kechanism of action Stage of therapeutic
agent agent dewvelopmenit
Viorinostatr (SAHA) HEAC 189 cells and Restimg OO nduwce acetylation of histone H3K4, I witro, e wive and
inkibitor T celks HA¥4 resulting in remodsling of nuwc-1 tested in a clinical trial
Valproic acid HEAC J-Lat cell limes and U1 cells, Formation of ewchromatin at HIV-1 5LTR  Im vitro, ex vivo, and
inhiibinor patient derved cells and reactivation of HW-1 transcrpgtion tested in a clinical trial
Pancbinostat HEAC O T cells Forrration of euchrommatin at HW-1 5LTR Phase 1/2 dlinical tria
inhiibitor and reactivation of HR-1 transcripsion
Rormidepsin HEAC 0™ T cells Formmation of euchromatin at H-1 51TR Ex wivo
inkibinor and meactivation of HWV-1 mansaiption
Entimastat HEAC 0" T cells, &0HZ, and Har Forrmation of euchromatin at H-1 51TR I witroy, £ wivo
inkibitor cell lines and meactivation of HW-1 franscription
[EEE! HEAC J-Lat clones (&7) ncreases histone acetyvlation and Im witro
inhiibinor activatiaon of NF-kappaB
Sodium butyrate HEAC O T cells, I-Lat cell lines, ncreases histone acenylation resulting I witro
inhibinor ACH2 and 11 cells n transcriptional activation of HM-1
promoter
Trichwostatin A HEAC 0t T cells, ACHZ, amd M9 calls ncreases histone acetylation resulting I witro, ex wivo
inhibinor n transcriptional activation of HM-1
promoter
Creamiflatin HEAC 1BOGFP and AT cell ncreases the acetylation level of I witro
inhibinor histone H3 amnd histome Ha at the
nuclecacms 1(nuc-1) sits
Scriptaid HEAC 1BOGFF and A7 cells Promotes hyperacetylation of histone I witro
inhibinor
Givinostat (ITF3357 1 HOAC 1B9GFP, ACHZ and U cells nduces hyparacetylation of histones Im witro
inkibinor
CEO5ACE08 HEAC ACH2 calls nduces hyparacetylation of histons Im witro
inkibitor

Kumar A et al.: Clinical Epigenetics 2015
DOI 10.1186/s13148-015-0137-6




HIV latency reversal agents
various phases of HIV therapeutic development

Chastocin

B0 204

J-deazaneplanocin A

S-aza-¥
decycytidine

Prostratin
Phaorbolmyristate
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Diterpene ester
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|-Bat, FB=t151
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Disulfiram

HMIT imhibitor

HMT inhibstor

HMT imhibitor

CaATI
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PEC agonist

PEC agonist

PKC agonist
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agents

Unclassified
agents
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ageEnts
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from HIY infected patients,
ACH-2, IO cells, infected
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ACH-2 and OM101 cells

Latenthy infected Jurkat E4
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ACH-2 cells, L
cell lines

cells, and Ha

Patient derived C04 + T cells,
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J-Lat call limes

Ut cells

COa™ T-cells, J-Lat o=l
and O T0LT cells

nes, LI

(4" T cells dersed from patient,

J-Lat call lines, U1, ACH2, and
OrAT0Y cells

J-Lat cell limes, primany CO4
T celks

COa™ T cells

A Suv39HT imhibitor, ilduces loss of
H3ikKome3

A GG inhibitor, promotes repressive
HIkSme2

Aninhibitor of EZH2, Induwces loss of
HIKITma3

nhibits of cytosine methylation and

presvent the recruitment of MBO2
and HDACZ to the 5'LTR

Activates MF-KB

Activates MF-KB

Activates MF-KB

Activates MNF-KB

Releases BRD4 from the S1LTR
and allows Tat-mediated recruitmmenit
of F-TEFE to the SLTR

Releases BRD4 from the SLTR and
dllowes Tat-mediated recruitrment of
P-TEFb to the 5LTR

Reactivates latent HIV-1 expression
thraugh depletion of the
phosphatase and tensin homolog.
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Ex wivo
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Im witro
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Ex wiwo,
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and ax wivo
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Kumar A et al.: Clinical Epigenetics 2015
DOI 10.1186/s13148-015-0137-6




Epigenetic control of HIV-1 post integration latency
implications for therapy

Complete cure of HIV-1 infection is difficult to achieve without the
elimination of latent reservoirs established during early infection have long
life span.

Several epigenetic and non-epigenetic mechanisms have been implicated
in the regulation of viral latency.

Epigenetic mechanisms such as histone post translational modifications
(e.g., acetylation and methylation) and DNA methylation of the proviral
DNA and microRNAs are involved in the establishment of HIV-1 latency.

Several latency-reversing agents (LRA) have been found effective in
reactivating HIV-1 reservoirs in vitro, ex vivo, and in vivo. These therapeutic
approaches aimed at achieving a sterilizing cure (elimination of HIV-1 from

the human body).

Kumar A et al.: Clinical Epigenetics 2015
DOI 10.1186/s13148-015-0137-6




Epigenetic control of HIV post integration latency
implications for therapy

Targeting latent HIV-1 reservoirs.

Latent reservoirs: key issue to the complete eradication of HIV

“kick and kill” strategy: virus can be activated in reservoirs

using latency reversing agents including: HDACis, HMTis, DNMTis,
PKC agonists and several other small molecules
Impact of LRAs: well studied in CD4+ T cells and to lesser extent in the
cells of monocyte/macrophage lineage.
Upon reactivation: latent virus undergoes robust replication resulting in
production of enormous amount of virus which:

- can induce the lysis of target cells or

- infected cells can be recognized by the cellular immune clearance

machinery

Kumar A et al.: Clinical Epigenetics 2015
DOI 10.1186/s13148-015-0137-6




HIV: EStratégiaS cura funcional & esterilizante

observacoes & intervencgoes...

* “Enhancement” da resposta imune - vacinas
terapéuticas




Incremento da imunidade: vacina terapéutica
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HIV therapeutic vaccines

moving towards a functional cure
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HIV Cures: Where We Are, Realistically ?

CARIROMM SEP 29 2014, 12:17 PM ET

http://m.theatlantic.com/health/archive/2014/09/the-berlin-patient-and-the-mysterious-cure-for-hiv/380895
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HIV & mecanismos da imunidade inata
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IAS Towards an HIV Cure Symposium:

International people focused, science driven

2 18-19 July 2015, Vancouver, Canada
AIDS Society

Stronger Together Against HIV 2015 Towards an
HIV Cure Symposium

The IAS Scientific Working
Group on HIV Cure

Scientific Report

Towards an HIV Cure

Towards an HIV Cure, an initiative of the International AIDS Society (IAS) provides leadership in
facilitating more concerted efforts to accelerate global scientific research towards a cure for HIV
and in advocating for increased investment in HIV cure research

Mission and Goals

* Facilitate scientific discussion, exchange and collaboration to promote and accelerate research
towards a cure for HIV;

* Provide leadership in advocating for increased investment and resource optimization in HIV cure
research;

* Provide clear and accurate information and disseminate knowledge in the broader community



http://www.iasociety.org/LinkClick.aspx?link=/Web/WebContent/File/IAS2015_HIV_Cure_Symposium_Scientific_Report.pdf&tabid=203&portalid=0&mid=653
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HIV Cure News and Updates: Bill Gates

says Vaccine for AIDS Should be Available
by 2030

[oeutopasuiy

On January 27, 2015


http://www.healthnewsng.com/2013/09/ias-calls-for-nominations-for-hiv-cure.html

amfAR amfAR Launches Initiative Aimed at Finding a Cure
MAKING AIDS HISTORY for HIV by 2020

About amfAR
The Foundation for AIDS Research is one of the world’s
leading nonprofit organizations dedicated to the
support of AIDS research, HIV prevention, treatment
education, and the advocacy of sound AIDS-related
public policy. Since 1985, amfAR has invested more
than $366 million in its programs and has awarded
grants to more than 2,000 research teams worldwide

The Countdown to a
Cure for HIV/AIDS

amfAR’s “Countdown to a Cure
for HIV/AIDS” is a research
initiative aimed at finding a

broadly applicable cure
for HIV by 2020.
“Countdown to a Cure” is
designed to intensify amfAR’s
cure-focused HIV research
program with plans to
strategically invest $100 million
in cure research over the next six
years.
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