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HIV research timeline

Timeline | Key moments in HIV research

First clinical and
epidemiological
observations of
AIDS?

CD4 identified
as the main HIV
receptor“'”

Efficacy trial
for AZT*

Prevention of
mother-to-child
transmission

with AZT*

Introduction of
generic
antiretrovirals

|dentification
of tetherin?%¢

|dentification
of TRIM 5a%

Microbial translocation
identified as a
pathogenic process
during HIV infection®

1981 1983 1984 1985 1987 1993 1994 1996 2001 2002 2003 2004 2005 2006 2009
Isolation Nucleotide HIV in blood * |dentification of the two Identification of * Characterization * First person
of HIV? sequence of plasma main co-receptors for APOBEC3G* of patients that functionally cured
HIV genome measured by HIV (CCRS and spontaneously from HIV (‘Berlin
determined®!! PCR2 CXCR4)te19 control HIV®2 patient’)”

* Introduction of * First clinical trial * Vaccine trialin
combination demonstrating Thailand (RV114)™
antiretroviral therapy* protective effect of

male circumcision®!

AZT, azidothymidine; TRIM5aq, tripartite motif-containing 5a; CCR5, CC-chemokine receptor 5;
CXCR4, CXC-chemokine receptor 4; iPrex, initiative for pre-exposure prophylaxis.

Barreé-Sinoussi et al. 2023



First cases and discovery
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First cases and discovery

1981

1982

1983

1987

Increased number of reports of patients with rare
diseases (Karposis sarconama, Pneumocystis

pneumonia)

Disease described as AIDS

Francoise Luc Robert
Barré-Sinoussi/Montagnier & Gallo, independently, Barré-Sinoussi Montagnier Gallo

published the identification of a novel retrovirus
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Book and movie
about the drama
how HIV has been

AND THE

-> later HIV iy
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Dispute over diagnostics ownership settled by US and

French government




Origin of HIV
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The early events in the HIV epidemic
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The early events in the HIV epidemic

LETTER

doi:10.1038/nature19827

:|San Francisco, 1978

New York City, 1979
New York City, 1979

. Georgia

New York City, 1979

New York City, 1979

New York City, 1979

1970s and ‘Patient 0’ HIV-1 genomes illuminate
early HIV/AIDS history in North America

Michael Worobey', Thomas D. Watts', Richard A. MeKay?, Marc A. Suchard?, Timothy Granade®, Dirk E. Teuwen®,
Bervl A. Koblin®, Walid Heneine®, Philippe Lemey’ & Harold W. Jaffe!
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HIV epidemic

Global HIV statistics

* 38.4 million people globally with HIV in 2021.

e 1.5 million people newly infected in 2021.

* 650 000 people died from AIDS-related illnesses in 2021.

» 28.7 million people were accessing antiretroviral therapy in 2021.

* 84.2 million people have become infected with HIV since the start of the epidemic.

* 40.1 million died from AIDS-related illnesses since the start of the epidemic.

https://www.unaids.org/en/resources/fact-sheet



HIV epidemic

Adult HIV
prevalence %
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https://commons.wikimedia.org/wiki/File:AIDS_and_HIV_prevalence_2008.svg
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HIV break #1

What have we learned?

1. HIV has been detected in the early 1980s

2. However, it has been around for quite a while...

3. Subtypes took a different route through primates and spilled over into the human population
4

Still a lot of people are infected, die and/or do not have access to treatment

11



What is HIV?

Family: Retroviridae

e Genus: Lentiviruses

* Positive-sense ssRNA genome
(~9.8 kb)
* 2 copies packaged

Potential targets for
diagnostics and antiviral
therapy

——Glycosylation

]env-Gchoprotein Complex

Proteins of Host Cell

Lipid Membrane
Matrix Protein

Capsid

Nucleocapsid Protease

Integrase  Reverse
Transcriptase
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HIV genome

HIV-1 genome

5'LTR PR/RT/IN env “43'LTR
U3 R |US MA/CA/NC

HIV-1 mature virion  Env

SU (surface, gp120)
TM (transmembrane, gp41)

membrane K

PR (protease, p12)

RT (reverse transcriptase,
p66, p51)

IN (integrase, p32)

MA (matrix, p17)
CA (capsid, p24)
NC (nucleocapsid, p7)

§ BP (budding protein, p6)

gRNA

Vpr

Heuvel et al. 2022



How HIV propagates

Potential targets for
diagnostics and antiviral
therapy
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HIV entry

1. Env —»  2.CD4bindng —> Al Cofecoplor R 4. Membrane

_ binding fusion
............ Vlral
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gp41
gp120 .......

»
00N

O
"""""""""

» »
» »
---------

» » )
» » »
.............

Variable > P — 0K,
loop 3 ;

Ce" "' .............................................. ’; --------- LA LA b o 000000000000000 o0sfT L 0da 1/ P PP0000000000000
membrane ‘ m

PERSPECTIVES

Fusion peptide ~ Coreceptor Six-helix bundle formation

Receptor can determine cell tropism:
Receptor CD4

Co-receptor CCR5

Co-receptor CXCR4



HIV reverse transcription
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Reverse transcription

nuclease

polymerase

RT enzyme: RNA-dependent DNA-polymerase
Synthesis of DNA from RNA template

RNase H-activity: degrades RNA from RNA:DNA hybrids

no proof-reading function (no 3‘-5'-Exonuklease activity)
high mutation rate

Synthese einer
komplementdren cDNA

( cDNA »

Abbau der mRNA durch

eine RNAse
Vervollstindigung der
cDNA zu einem DNA-
Doppelstrang

N

( cDNA

(L cona )

CUNA

17



Reverse transcription & the central dogma of biology

Discovered by David Baltimore (Nobel prize)

Information flows from:

DNA —> RNA and can go back to DNA

Applied in molecular biology (RT-PCR)

https://en.wikipedia.org/wiki/Central_dogma_of molecular_biology

replication
(DNA -> DNA)
DNA Polymerase

DO DA DNA

transcription
(DNA -> RNA)

RNA Polymerase

WA RNA

translation
(RNA -> Protein)
Ribosome

O-0-0-0-0-0O-0 rrotein

18



Who can reverse transcribe?

Retroviruses

Orphan class

I

Retrotransposons
(Metaviridae)

B Hepadnaviruses I

Caulimoviruses

Hepadnaviruses

Retrotransposons

(Pseudoviridae)

LINEs

Retroposons

LINEs

Group Il introns

Group II plasmids

Retrons

Telomerase

LTRs

+

+a

PBS Rid)

Env

Poly(A)

DNA (exons) encoding
physiological functions

()
/0

Other repeats 3%

Non-LTR retrotransponsons
35%

Other non-coding 48%

DNA transponsons 3%

Endogenous retroviruses 8%

19



Domestication of retroviruses — an evolutionary boost

Domestication of Domestication of an ASCT2-tropic ERV brings Domestication of another ERV

endogenous retrovirus genes
The placental syncytiotrophoblast is an important

barrier between maternal and fetal blood that is ‘ ERV Syncytin-1 '
formed by cell-cell fusion. The fusogenic property of

trophoblasts derives from domestication of ERV

genes, but this came at a cost that prompted further
selection for ERV gene domestication. '

about expression of Syncytin proteins. gene led to the Suppressyn gene.

©

Fusing trophoblasts

Suppressyn

The Syncytin-1 receptor,
ASCT2, is also expressed.
Ligand-receptor binding But this also leaves cells

allows cell-cell fusion susceptible to other Suppressyn binds unbound ASCT2, which
and syncytia formation. ASCT2-tropic ERVs. blocks infection by ASCT2-tropic ERVs.

ASCT2, alanine, serine, cysteine-preferring transporter 2; ERV, endogenous retrovirus.

https://www.science.org/doi/10.1126/science.ade4942
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Integration

— «—

- Unintegrated linear DNA o

Host target

i
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GT|

e

Host DNA

Integrated (proviral) DNA

l

ub gag pol env u3

5 Y AA(A)nAH 3

Viral RNA genome

* processing of provirus by integrase
release of two nucleotides

e integration in target region of cellular genome
duplication of flanking host sequences

Host DNA

e
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Integration

U3 (3" unique sequence)

Promater region 5 3
U5 (5" unigue sequence) U3|R|U5|PB gag pof env |PP|U3|R| U5
Recognition site for viral 3 S5
integrase o Integrase
PB (primer binding site) ]
Association of tRNA 5’ v 3 me d |1ate d
PP (polypurine section)
Initiation site for second I_| U3|R US| PB gag po'f env | PP | U3 | R USI_‘
strand synthesis 3’ 5
gag (group specific antigens)
structural proteins T 2/
pol (enzymes) 5 3 5 3
Catalytic HIV proteins Ll
env (envelope proteins) ; host . chromosome .
HIV receptor 3 5 3 5
o le
I ot 3' from virus + genomic 5'
host I_I U3l R| U5 PB gag I"JO.I‘I env | PP | U3| R |U5 '—l chromosome
3 genomic 5'+3' from virus 3
Lo
5\‘ 3
host L U3|R| US| PB gag pol |env|PP|U3|R|U5 u chromosome
3 3\‘
Lo
5 5'replenished
host q U3|R| US| PB gag pol |env |PP|U3|R|U5 h chromosome
3!

replenished 5

3.!'

51

5:

3.!'

Integration of HIV-DNA into a host chromosome

1 After the viral RNA genome has been
transcribed into double strand DNA,
the viral protein integrase creates
overlapping 5-ends by removing two
nucleotides from both 3'-ends.

2 Intergrase performs the same reaction
on any site on an arbitrary chromosome
of the host cell.

3 Both DNA molecules are ligated by
synthesis of phosphodiester bonds
between terminal nucleotides of viral
3'-ends and overlapping 5"-ends of the
host chromosome. However, the non-
homologous 5-ends from the viral DNA
are not ligated to the host chromosome.

4 The non-homologous 5'-ends from the
viral DNA are removed by integrase.

5 Finally, the gaps are filled up by

cellular repair proteins, which recognize
single strand breaks.

Not drawn to scale! Enzymatic reactions, interacting
proteins, splicing sites, and binding site  are
omitted for clarity. In style of Mudrow 5, Falke D,
Truyen U (2003). Molekulare Virofogie, 2. Aufl. (engl.:
Molecular Virology, 2nd ed.) Spekt Akad Verl.
Heidelberg, Berlin.

23



Requirements for virion formation: transcription and translation

Cytoplasm

22 Virions
e \ morphogenesis

s Nucleus
(+)ssRNA y 4 RNAWW
@ O\ WL, . .".
| Reverse /) \! N
transcription // @Transcription
/] ( \ @ Translation
p e, | Genomic DNA A RO ‘
cDNA @ Integration
@ Nuclear import | @ Postintegrational
\ conA DNA repair

Rozina et al. 2022



HIV budding and maturation

Viral glycoproteins

* processing through TGN

i B @ ‘ e transport via secretory pathway to cell membrane
Env binding F .‘ / -)_.:.

- gpl20 W _ - : " W, >
gpi1 / l‘ . RNApackaging

Gag, Gag/Pol

Secrtory m:\ e mivmaoodang |\ «  synthesis of viral RNA in cytosol
@ /“\— \ * Gag multimerisation and binding to lipid rafts
@ ‘ ’ ‘ ! \ * binding of viral genomic RNA to Gag
\ * transport of Gag/Pol to membrane
wA §g e  budding initiation via ESCRT-complex
" L%zgrjs};ranscriptase * maturation of new particles by proteolytic cleavage
\

I Gag and GagPol synthesis

\
\
Viral genomic RNA \

Producer cell Y
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HIV budding and maturation

Immature HIV-1 virion Mature HIV-1 virion

Gag-Pol

Capsid core

26



Innate immune response — how to restrict HIV replication

S3/85 HIV-1

’/ ﬂNef

3 29
90K & 3
3 ¢ \ Release W{M‘\“mm\\
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038725,
Tetherin —| \W‘\
ou) %‘N‘

@ (Gag )
HIV gRNA

AAAAA

G

AAAAA
HIV gRNA

Nucleus

B

NA~ |—— APoBEC3G
nzxzm: RNA:DNA
—— SAMHD!

* ssDNA
Reverse
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Integration
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Infected != infected

“
a0t
-’ e

Nucleus *~ .

Non-Permissive CD4 T Cell
95% of Cells

-
v T L d

-~
-

’
L]
)
'’
.
-

 Abortively Infected

Permissive CD4 T Cell
5% of Cells

Activation of
Innate Antiviral
and Inflammatory
Responses

/

Death of
CD4 TCell

>95% of CDA4 T cells dying after infection with
HIV are not productively infected

Cell death involves abortive infection of
nonpermissive CD4 T cells

The nonpermissive state leads to
accumulation of abortive HIV reverse
transcripts

These transcripts elicit suicidal innate antiviral
and inflammatory responses
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HIV break #2

What have we learned?

1. HIVis a retrovirus — what makes a retrovirus a retrovirus?

2. How does HIV infect, replicate and releases virions?
Which receptors or enzymes are involved?

3. How can the body use these steps to intervene?

4. Are all viruses bad?

29



HIV transmission

Ungeschutzter
Geschlechtsverkehr

Benutzen

gebrauchter
Nadeln

(Drogenkonsum)

Blut Geburt
Bluttransfusion (von Mutter auf
Kind)

Nicht-sterile
Instrumente

30



Course of infection

1. Acute HIV infection

2 to 4 weeks after infection
Flu-like symptoms

HIV blood level very high
High risk of transmission

2. Chronic HIV infection

Asymptomatic or clinical latency
No HIV-related symptoms
HIV transmission still possible

Chronic infection progresses
to AIDS in about 10 years

3. AIDS
* CD4 cell count < 200 cells/mm3

e Accumulation of opportunistic

infections

e Without treatment survival ~ 3 years

| Acute phase Chronic phase - AIDS 1
I 11 |
) Acute HIV syndrome :
_angry wide dissemination of virus I Death
infection seeding of lymphoid organs I \
I
I
— I
I Opportunistic
! Diseases

Clinical latency

/“"' viral load

"\

Constitutional
symptoms

| Setpoint

1 2 3 4 5

6 7
Years

8 9 10 M

107

108

10°

104

10°

102

HIV RNA copies per ml plasma

TRENDS in Genetics
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HIV pathogenesis

Primarer Rezeptor: CD4

Korezeptoren: CCR5 und/oder CXCR4

: . gpi20 F
* bestimmen Tropismus

variable

* T-Helferzellen

* Makrophagen

* Monozyten

e dendritische Zellen

Zerstorung von CD4-Helferzellen

» direkte virale Abtotung infizierter Zellen (Apoptose, Zellschaden)
* indirekte Zerstorung infizierter Zellen durch gesunde Zellen des
Immunsystems

32



Akute HIV Infektion (Stadium A)

Bis ca. 4 Wochen nach der Infektion
Symptome (unspezifisch und variabel):

Fieber
* Hautausschlag
*  Midigkeit
* Lymphadenopathie
* Hals- und Kopfschmerzen
* Muskel- und Gelenkschmerzen
* Orale und genitale Ulzerationen

Klingt in der Regel innerhalb von 2 Wochen ab

Oft nicht erkannt—> Grippe oder Pfeiffersche Drisenfieber als
Diagnose

Hohe Viruslast in dieser Phase 2 hohe Infektiositat

Darmassoziiertes lymphatisches Gewebe ist zentrales HIV-Ziel
* 30-60% der T Gedachtniszellen werden innerhalb von 10 Tagen zerstort

33



Asymptomatische Phas

e (Stadium B)

HIV RNA
(copies/ml of plasma)

CD4* T cells (cells/ul)

Acute Asymptomatic/chronic phase Development of AIDS
108 m
106 + .
_ Set point viremia
10% l
102 .
\\\\
1,200
L CD8* T cells
it DN Eelidulotuliulyioiaiiatieiiiaiipeais o B PO >
--------- Py
800 I~ cD8* <
e anti-HIV 3
~~._response ©
] ~.
600 CD4* T cells ~. =3
S
400 ©
[a]
o
200 2
0 T T T ‘\‘\ ! 1 T T T
5 10 15 2 4 6 8 10 12
Weeks * Years 2

Time after HIV infection

Gleichgewicht zwischen Virusvermehrung und Virusabwehr
Dauer: Monate bis Jahrzehnte

ggf. nicht-AIDS-definierende Erkrankungen u.a.
MaRiges Fieber > 38,5 °C, Chronischer Durchfall, Glrtelrose (Herpes
zoster), Pilzinfektionen der Mundhohle
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AIDS (Stadium C)

Opportunistische Infektionen:
* u.a. Lungenentzindungen durch Pneumocystis carinii, Pilzerkrankungen von
Speiserohre und Atemwegen, CMV Retinitis

Tumorerkrankungen
» Kaposi-Sarkom (Humane Herpesvirus 8 (HHV-8))
* Maligne Lymphome (u.a. durch EBV)

CMV Retinitis Kaposi-Sarkom Burkittt-Lymphome

-

Wasting-Syndrom:
» starker Gewichtsverlust, anhaltender Durchfall, Fieber/Abgeschlagenheit

HIV-assoziierte Enzephalopathie

35



HIV tropism and pathogenesis in the gut

Crakes and Jiang 2019
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% HIV/SIV
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e Pathogenic bacteria
T Pattern recognition receptor (PRR)

o Antimicrobial peptide (AMP)
* Inflammatory cytokine
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What is AIDS?

Opportunistische Infektionen durch Erreger die bei immunkompetenten
Personen keine oder nur milde Krankheitssymptome hervorrufen.

z.B. Kaposi-Sarkom durch Humanes Herpesvirus

CD4-Zellen/pl
A
1000
Lymphknotenschwellung
X > 500/ pl
500 orale Haarleukoplakie
Candida-Infektion
>250/pl - Diarrho Herpeszoster
T Zervix-Ca Tuberkulose
200 | < 250/l PcP
Toxoplasmose ‘Irf\?po.srs arkom
CMV-Retinitis/CMV-Infektionen 5 I\j:\"s-tlng.]
atypische Mykobakteriose
100 | <100/ pl Lymphome
JC-Virus
0 —H -
0 4 10 15 Jahre

Bei Erkrankten kommt es zu lebensbedrohlichen opp. Infektionen und Tumoren.



HIV break #3

What have we learned?

1. How s HIV transmitted?
2. Which phases of infection are typically observed during HIV infection?

Are there markers for disease severity?

38



Therapeutics

Reduction of plasma viral load
under level of detection of RT-
gPCR (50 copies/mL)

Combination therapies and
very good medical adherence
of patients important

Development of drug
resistance slows down

Otherwise: fast development
of resistance up to virological
failure

CD4+ T-Lymphozyten {Zsllen/ul}

Infektion

1200
1100
1000
800
800
700
600
500
400
300

200 |

100
0

Akute Phase Chronische Phase

Beginn ART

. 4
¢ 3 6 9 12 1 2 3 4 5
Wochen

Viral Suppression

Viral Load Viral Load
Before With
ART ART

Detectable
Level

Undetectable
Level

107
108
10°
107
10°
102
101

100

HIV-RNA (Kopien/ml Blutplasma)
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Where to hit
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Therapeutics — antiretroviral therapy (ART)

NNRTI-based

Pl-based ‘Ni-based

substance:

NRTI- nucleoside reverse transcriptase inhibitor
NNRTI- non-nucleoside reverse transcriptase inhibitor
PI- protease inhibitor

INI- integrase inhibitor

El- entry inhibitor
FI- fusioninhibitor

target:

Reverse Transcriptase (Blockierung katalytisches Zentrum)
Reverse Transcriptase (conformational changes)

Protease (wrong substrate)

Integrase (blocks catalytic activity)

gp120-V3/CCR5-Co-receptor (selective binding to CCR5 Co-receptor)
gp41 (direct binding to HR-2 domain of gp41)

41



Therapeutics: Combination therapy NRTIs and Pls

Combivir® + Videx® + Zerit® + Combivir® ¥
Crixivan® + Norvir® Viracept® Aggrﬁ\ggsz®

morning

evening

complicated treatment regiments with
patients experiencing low levels of suffering

- bad adherence

42



Therapeutics

Single-Tablet Regimens
Atripla Biktarvy Complera Delstrigo Dovato Genvoya Juluca Odefsey Stribild Symfi/Symfi Lo

(efavirenz/emtricitabine/ (bictegravir/emtricitabine/ (rilpivirine/emtricitabine/ (doravirine/lamivudine/  (dolutegravir + lamivudine) (elvitegravir/cobicistat/ (dolutegravir/rilpivirine) (emfricitabine/rilpivirine/ (elvitegravir/cobicistat/ (efavirenz/lamivudine/

tenofovir disoproxil fumarate) tenofovir alafenamid tenofovir disoproxil i ) tenofovir disoproxil fumarate) emtricitabine/ tenofovir alafenamide) emtricitabine/tenofovir tenofovir disoproxil fumarate)
tenofovir alafenamide) disoproxil fumarate)
7, g & 57 )
N / /p\ § . &

Single-Tablet Regimens (cont.) Nucleoside/Nucleotide Analogs (NRTIs)

Symtuza Triumeq Cimduo/Temixys Descovy Emtriva Epivir Epzicom Truvada Viread Ziagen
(darunavir/cobicistat/ (dolutegravir/abacavir/ (lamivudine/tenofovir (emtricitabine/tenofovir (emtricitabine or FTC) (lamivudine or 3TC) (abacavir/lamivudine) (emtricitabine/tenofovir (tenofovir disoproxil (abacavir or ABC)
emtricitabine/tenofovir lamivudine) disoproxil fumarate) alafenamide) disoproxil fumarate) fumarate or TOF)

alafenamide) \

Z LY
Protease Inhibitors (Pls) Non-Nucleosides (NNRTIs)
Evotaz Prezcobix Prezista Reyataz Edurant Intelence Pifeltro Sustiva
(atazanavir/cobicistat) (darunavir/cobicistat) (darunavir or DRV) (atazanavir or ATV) (rilpivirine or RPY) (etravirine or ETV) (doravirine) (efavirenz or EFV)
26
. Q e
> R v
/ & = 2
4 B
Pre-Exposure Prophylaxis (PrEP) Integrase Inhibitors Pharmacokinetic Enhancers Entry Inhibitors
Truvada Descovy Isentress Tivicay Norvir Tybost Selzentry Trogarzo
(emricitabine/tenofovir (emricitabine/tenofovir (raltegravir or RAL) (dolutegravir or DTG) (ritonavir or RTV) (cobicistat) (maraviroc or MVC) (ibalizumab-uiyk)

disoproxil fumarate) alafenamide)

2y -
P ‘ % 4
s 4
(2 -
; & Mz) v
Notindicated for individuals at risk

from receptive vaginal sex.

90’s: up to 20 pills daily in different intervals — today: 1 pill a day

J

43



Therapeutics

extremely high production rates
* 109 new virions every day

error prone RT
* no proof-reading function

“diploid” ssRNA genome
* recombination through RT

high prevalence rates
 double infections

polymerase

nuclease
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Therapeutics and resistance

Vor ART: ART-Beginn: Im ART-Verlauf:
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New highly virulent subtype B variant

RESEARCH ARTICLE = HIV

f v

A highly virulent variant of HIV-1 circulating in the

Netherlands

CHRIS WYMANT DANIELA BEZEMER FRANCOIS BLANQUART ({§) , LUCA FERRETT! {§) . ASTRID GALL MATTHEW HALL {§) . TANYA GOLUBCHIK
MARGREET BAKKER, SWEE HOE ONG LI THE BEEHIVE COLLABORATIONt | +25 authors | Authors Info & Affiliations
SCIENCE - 3Feb2022 - Vol 375 Issue 6580 - pp. 540-545 - DOE 10.1126/science.abk1688

e HIV-1VB - virulent subtype B
* evolved ca. 1998 in the Netherlands

e viral load ca. 3,5-5,5 times higher

* progression to AIDS without therapy twice as fast

> But:
» ART is potent

> number of new infections seems to decline

in @ % =

Pre-treatment CD4 count (cells per mma)

200

5
o
=]

3001

2 3 4
Years since diagnosis

logio(viral load)
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Natural protection CCR5A32

Monotropic

R5 HIV

Normal Infection Normal Infection Resistant to Infection

Normal Progression Delayed Progression with R5 HIV-1
* wild type * heterozygous  homozygous for CCR5A32
— not protected — not protected — protected
— delayed progression — immunocompetent

— 1% of Caucasian population
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Variabler Verlauf der HIV-1-Infektion

>

Typical Progressor Rapid Progressor
Primary HIV Primary HIV
Infection  Clinical Latency AIDS Infection AIDS
O
5 3 c g
= A S —
8 Y ; 2
3 5 2 2
: . g
— x
£ T
S B S
months years months years
Nonprogressor
Primary HIV
Infection Clinical Latency

— 9 - 11 Jahre nach Erstinfektion bis zur
Ausbildung eines schweren
Immundefekts

[9A971 4D

Viral Replication

months years
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The cure

The ,Berlin” patient
— acute myoloide leucaemia
— allogenic stem cell transplantation
— CCR5A32 homozygous donor

no ART necessary

no HIV-1 detectable

Patient
No More

Timothy Brown—a.k.a.
“the Berlin Patient”—
is the Man Who
Once Had HIV.

February 12, 2009
N Engl | Med 2009; 360:692-698

LETTER

HIV-1 remission following CCROA32/A32
haematopoietic stem-cell transplantation

Ravindra K. Gupta' 45 Sultan Abdul- Jawad', Laura E. McCoy', Hol Ping Mok®, Dimitra Peppa™®, Maria Salgado’,
Javier Marrinez - Picado™®* Monique Nijhuis!®, Annemarie M. I, Wensing®, Helen Lee!, Paul Grant™, Eleni Nastoulit?,
Jonathan Lambert™, Matthew Pace®, Fanny Salasc?, Christopher Monit!, Andrew ). Innes'*5 | Luke Muir', Laura Waters®,
John Frater®*, Andrew M. L. Lever®!?, Simon G. Edwards®, lan H. Gabriel 151819 & Ednardo Olavarria'® 5

hitps.//doLong 10,1038/ 54 1586-019-1027-4

DOI: 10.1056/NE]Moa0802905

Long-Term Control of HIV by CCRS Delta32/Delta32 Stem-Cell

Transplantation

Gero Hiitter, M.D., Daniel Nowak, M.D., Maximilian Mossner, B.S., Susanne Ganepola, M.D., Arne Miiig, M.D., Kristina Allers, Ph.D., Thomas Schneider, M.D., Ph.D., Jérg
Hofmann, Ph.D., Claudia Kiicherer, M.D., Olga Blau, M.D., Igor W. Blau, M.D., Wolf K. Hofmann, M.D., and Eckhard Thiel, M.D.




Lenacapavir

Lenacapavir (LEN)
ECsy: 50-100 pM

LEN Targets Multiple Stages of HIV Replication Cycle SC]GI]CG

- - »
-~ d .©.
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Early-s1age svents Late stage eventy

FIGURE 1. lenacapavir targets multiple stages of the HIV replication cycle. Adapted from [4*=,5].

A Background HIV Incidence and HIV Incidence in Lenacapavir, F/TAF, and

F/TDF Groups
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HIV break #4

What have we learned?

1. What is required for efficient therapy?
How did therapy change with the years?
2. How do drug resistant mutations evolve?

3. What does a patient need to clear HIV infection?
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Summary

© N o Uk W nNoE

Discovery & origin of HIV
High clinical relevance
Classification & structure
Replication cycle

Other retroviruses
Transmission & pathogenesis

Therapy & resistance

. Functional clearance
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