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Eastern Europe and

Western and Central Asia
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East Asia
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United States Eastern Europe and Latin America South and
Central Asia South-East Asia

O ¢

[ ] Men having sex with men [ | Injecting drug users Commercial sex workers and their clients [] All others




Table 1 | Risk of HIV acquisition from an HIV-infected source*+*

Exposure route Infections per 95% CI
10,000 contacts
Parenteral exposure
Blood transfusion 9,250 5,900-9.610
Injection drug use with sharing equipment 63 41-92
MNeedle stick injury 23 0-46
Sexual exposure without condom use
Receptive anal sex 138 102-186
Insertive anal sex 11 4-/8
Receptive vaginal sex & 6-11
Insertive vaginal sex - 1-14
Receptive oral sex Low 04
Insertive oral sex Low 04
Vertical transmission

At the time of birth 2,260 1,700-2,900




Fluid

Cell-free fluid
Cerebrospinal fluid
Ear secretions
Feces

Milk

Plasma

Saliva

Semen

Sweat

Tears

Urine
Vaginal-cervical
Infected cells
Bronchial fluid
PBMC

Saliva

Semen

Vaginal-cervical fluid

Virus isolation®

21/40
1/8
0/2
1/5

33/33

3/55
3/15
0/2
2/5
1/5
/16

3/24
39/92
4/11
11/28
7716

Estimated quantity
of virus*

10-10,000
5—10

None detected
e |

1-5,000¢

<1

10-50

None detected
o |

=y |

=y |

Not determined
0.001-1%"
<20.01%
0.01-5%

Not determined

—

=Adapted from Table 2.1 (p. 28) of Levy JA, HIV and the Pathogenesis of AIDS, 3rd ed.
ASM Press, Washington, DC, 2007.

"Number of samples positive/number analyzed.

“For cell-free fluid, units are infectious particles per milliliter; for infected cells, units
are percentages of total cells capable of releasing virus. Results from studies in the
laboratory of J. A. Levy are presented.

“High levels associated with acute infection and advanced disease (~5 > 10°* PBMCs/ml

of blood).




Course of HIV Infection and AIDS
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CD4* T cell count (cells per pl) in blood

Primary infection

1,200 —
1,100
1,000 —
900 —
800 —
700 —
600 —
500 —
400 —
300 —
200 —

100 —

Y

<350 cells per ul

The risk for several infectious complications
begins to rise, including varicella zoster infection,
severe bacterial infections and tuberculosis

<200 cellz per pl

Increased risk of more-serious opportunistic
infections — particularly pneumocystis
pneumonia and oesophageal candidiasis

<100 cells per ul

Increased risk of coccidioidomycosis,
cryptococcosis, cryptosporidiosis,
cytomegalovirus disease (particularly
retinitis), encephalopathy, histoplasmosis,
disseminated mycobacterium avium complex,
progressive multifocal leukoencephalopathy,
toxoplasmosis of brain and HIV-associated
wasting syndrome
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Acute phase

Mononucleosis-like

syndrome:

Lymphadenopathy

Diarrhea, etc.

Asymptomatic phase

Often none, sporadically:

Fatigue,

Mild weight loss
Generalized
lymphadenopathy
Thrush

Oral hairy leukoplakia
Shingles

Symptomatic phase

Establishment
of reservoirs

Continuous, low virus
production. Virus evolution

A. 200-500 CD4* T cells/ml:

Oral lesions, shingles, skin lesions
Low platelet count

Basal cell carcinoma of the skin

Headache

Genital warts

Reactivation of latent Mycobacterium tuberculosis

B. Fewer than 200 CD4* T cells/mil:
Protozoal, bacterial, and fungal infections
Viral infections and malignancies
Neurological symptoms




Quality of life Impairment

HIV infection

' g '
Effects of drug toxicity Effects on quality of life|| Common co-morbidities
= Gastrointestinal distress = Stigma = Cardiovascular disease
= Metabolic abnormalities = Burden of chronic = Osteopenia and
= Fat redistribution illness osteoporosis
= Renal and hepatic dysfunction|| = Substance abuse = Cancer
= Cognitive adverse effects = Social isolation = Liver dysfunction
= Rash = Depression = Renal dysfunction
* Drug—drug interactions = Polypharmacy = Neurocognitive impairment




HIV Care Cascade

A

Dependent on the availability
and uptake of HIV testing

Dependent on linkage to
care, retention in care and
access to ART

Dependent on adherence to ART,
viral load monitoring and availability
of second-line and third-line regimens

People living with HIV infection = Patients currently receiving ART
B People who have been diagnosed B Patients who achieve viral suppression




President’'s Emergency Plan for AIDS Relief
(www.pepfar.gov)

Global Fund for AIDS, TB and Malaria
(www.theglobalfund.org)



http://www.pepfar.gov/
http://www.theglobalfund.org/

- AIDS related mortality has declined globally

from a peak level of 2.4 Million Death in 2005,
to approximately 1.5 Million deaths in 2013.

. In 2013 240,000 children were newly infected
with HIV, 58% fewer than in 2002.

. 2.6 Million children under 15 (90%) are living In

sub-Saharan Africa.

. Women have a lower viral load set point than

men (0.4 log10), yet progress at about the
same.




Pathogenesis




Definition of Viral Pathogenesis?

. As a series of stochastic events with the process of infection

determined by strong selective pressures referred to as
bottlenecks in infection.

. These bottlenecks can be thought of as analogous to the rate-
limiting step.

. Stochastic events such as mutations or the random success of

a given virus at a stage In Iinfection provide variation in the
substrates for these rate-limiting steps.
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Faith of viral infection and disease

. Viral Bottlenecks?

. Host Bottlenecks?

. Human Induced Bottlenecks?!!




Viral Bottlenecks and Outcome




Viral Evolution and fithess
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Viral Tropism and Strains

HIV (X4) HIV (R5)
o-chemokine
receptor (CXCr4)

f-chemokine
receptor (CCr5)

B-chemokine
(CCl 3,CCl 4)




Transmission
of virus to new host

4

Viral-Host Fithess

Initial infection, =
extreme genetic &
bottleneck &

clonal
expansion

Viral life cycle

Systemic infection + replication in body compartments
(gut, lymphatic tissues, spleen, brain, genital tract...)

Q6L

Virus stored in
reservoir of stable
integrated provirus

in long-lived
resting T cells

Uncertainty
around which
virus is transmitted

Lymbgh*rlg.dlgs ‘

Mechanism 1

Transmission

Within-host adaptation

in virulence is slow due

to within-host trade-offs,

or rugged fitness landscape

@ Mechanism 2

e
Transmission
Within-host adaptation is

nearly neutral with respect
to traits that determine set-
point viral load

@ Mechanism 3
— Ty, Acute infection,
N0 genotype of initial
virus influences set-
point viral load

Preferential

transmission Within-host
of stored viruses adaptation is
Storage of mostly an
\ viruses in long- evolutionary
lived memory dead end

CD4 T cells




& & 03 Virus

- Crossing the
mucosal barrier

H and local propagation

& : of infection
Y

£ Macrophages Virus-host cell interactions
&

N

Infected,
activated resting
CDA* T cells CD4* T cells

Dissemination to
draining lymph nodes

Immune activation

Establishment of
viral reservoirs

GALT and other organized
lymphoid tissues

Sustained HIV production

:

Systemic dissemination
of virus and infected cells




» Cytokines

Macrophages
v
B cells Endothelial cells

14— + EBV, HHV-8 14— + HHV-8

IL-6 IL-6
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Lymphoma Kaposi’s sarcoma

CD4* T cells

<>
Epithelial cells

l<—+HPV

(o]
Oo\go

Carcinoma




Host Genetics / Epigenetic Bottlenecks




on size

Populat

Tissue representation

Host Bottlenecks

Donor Recipient

Donor blood

(chronic infection)

!

Donor genital tract Transmission fluid Recipient genital tract

Randomly sampled
from blood

Randomly sampled
from genital tract;
may be sensitive to
autologous antibodies
or lectin binding

Fast replication

w replicationl

Recipient blood
(acute infection)

Recipient blood
(chronic infection)




Blood compartment Other compartments

Latently infected
CD4* lymphocytes

Productively infected /’\
CD4* Iymphocytes <1%

t,,z ~ 8.5 days
34% Q >

t 1.1 days Uninfected
1.6 days e L @ﬁ CD4* lymphocytes

gengsgtion ] ﬂ} @‘ i& @ﬁ?w@ \ Q iz ~
145 days

HIV-I
0
12 6h 1=7% CD4* lymphocytes
& infected with
defective viruses
O Q t1/2 ~ 141 days

Uninfected, activated Long-lived cell populations
CD4* lymphocytes and T memory cells




The Berlin Patient

STOPPING AIDS ISE&APOSSIBLE

Curing HIV - Only a Start

Community Forum on HIV Cure Research with Timothy Ray Brown,
The Man Who Once Had HIV




Mississippl Baby

Slide 15 of 50

A Confirmation of HIV 1 Infection
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Boston Patients




Our Induced Bottlenecks

Antiviral

Blood supply  therapy Treatment as
screening prevention

Medical male
circumcision

HIV testing/
Counseling

AssTa
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“HIV pl’é\léﬁ‘fl'ﬁﬁ Treatment of
Condoms S T J - Y sexually
= : '“ﬂ i | transmitted
infections
Education/ Microbicides
Behavior
modification
Clean Treatment/prevention

syringes of drugs/alcohol abuse




HARRT Therapy

. Highly Effective (Access and adherence)

. Can virtually eliminate the risk of HIV transmission.

. Should be considered HIV Drug resistance (ARV)




The main Problem?!!!




Cellular Reservoir of HIV

. Central Memory T cell.

. Transitional Memory T cell.

. CD34 hematopoletic progenitor.

. Naive CD4 T cell.

. CD4 memory stem cell.
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HIV-specific mmunity | « Clear infected cealls = Clear infected cells fatad '“'. 'al'"w;g
§ J J J J
Discontinuation of ART

l

Sustained virologic remission




Future Therapies?




Barriers to HIV Eradication

New infection

T % ,
Expression of Latently
HIV-1 from latently infected

infected cells CD4* cell




Mechanism involved In
maintenance of HIV latency

Cytoplasm

@ [Sequestration of host
transcription factors

Prostratin| |Bryostatin

Nucleus

Epigenetic
silencing

Transcriptional
interference

Promoter
occlusion

Convergent
transcription

Sequestration
of p-TEFb

Tat and BRD4
competition
for p-TEFb

HDAC inhibitor

|

HMT inhibitor

a3




Lytic-Induction Therapy

Cocktail of
Latency Antagonists
PKC Activator
HDAC Inhibitor
Methylation Inhibitor
Others?
) .
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Initiate ART
Activated CD4* T Cells Most Cells Die Latent Reservoir Latent Cells Reactivated
CD4* T Cells Infected with HIV Latent Cells Maintained Reactivated Cells Die either
1 Nucleotide Pools Survive Because through Spontaneously
1 Cytokines of Decreased Homeostqtlc or through
? Transcription Activation Proliferation Immune System

Factors Clearance




Lytic-Induction therapy

HDAC inhibitors (verinostat, panobinostat and
romidepsin), disulfiram, PKC agonists Therapeutic vaccines,
(ingenol and bryostatin), TLR agonists and broadly neutralizing
immune checkpoint blockers (PD1-specific antibodies and immune
antibodies and CTLA4-specific antibodies) checkpoint blockers ART

Latently infected
memory CD4°T cell Active CD47 T cell Dying infected cell Uninfected cell

| PN
@@W m%@%
l::] Q
° @

HIV proteins  HIV particle

genome




Mechanism to
disrupt latency

PTEN inhibitor

HDAC inhibitor

HDAC inhibitor

HDAC inhibitor

HDAC inhibitor

HDAC inhibitor

Compound

Disulfiram

Romidepsin

Romidepsin

Panobinostat

(Novartis)

Vorinostat

Vorinostat

Clinical trials*

Short-term disulfiram administration to accelerate

the decay of the HIV-1 reservoir in antiretroviral-
treated HIV-1 infected individuals (NCT01286259)

Evaluating the safety and efficacy of single-dose
romidepsin in combination with antiretroviral
therapy in HIV-1-infected adults with suppressed viral
load (NCT01933594)

Safety and efficacy of romidepsin and the therapeutic

vaccine vacc-4x for reduction of the latent HIV-1
reservoir (REDUC; NCT02092116)

Safety and effect of panobinostat on HIV-1

expression in patients on suppressive HAART (CLEAR;
NCT01680094)

The effect of vorinostat on HIV-1 RNA expression in
resting CD4* T cells of HIV-1-infected patients on
stable ART (NCT01319383)

A pilot study to assess the safety and effect of
vorinostat on HIV-1 transcription in patients

receiving suppressive combination anti-retroviral
therapy (NCT01365065)

Comments

Completed: a transient increase in single-copy assay
viraemia was observed in six patients at different times
after disulfiram dosing; however, the size of the HIV-1
latent reservoir remained unaffected™

Enrolling

Ongoing

Completed: a 2.1-14.4-fold increase in cell-associated
RNA was observed in all patients and remained
increased 4 weeks after panobinostat administration;
however, no change in integrated HIV-1 DNA was
observed™

Enrolling

Completed: asignificant increase in cell-associated
RNA was observed in 88% of patients during vorinostat
dosing; no significant change in DNA was observed™

* The clinicaltrials.gov identifier is given in brackets. ART, antiretroviral therapy; HAART, highly active ART; HDAC, histone deacetylase; PTEN, phosphatase and

tensin homologue.




Clearing Persistently infected cells

. Therapeutic Vaccine.

. Cell based theraplies.

. Gene therapy.

. Reversing iImmune exhaustion.

Immunotoxins and Radio immunotherapy.




Cell Based Therapy

CD34+ Hematopoetic 5tem Cells CDa+ T cells

Ex vivo expansion

Vector systems for delivery Non human primates

(Adenoviral, Retroviral, Lentiviral, Transfection)
Trials in model organisms

Genome engineering methods
(ZFN, TALEN, CRISPR)

clinical trials

l Suitable target genes [ regions (e.g. CCR5, HIV-1 LTR)

— N

5' LTR 3 LTR CCRS5 receptor
HIV genome

Figure 1. Critical factors in designing cell-based therapy for HIV-1: stem cells, vector systems, genome engineering methods and the choice of
the target genes are essential prerequisites that require to be tackled in the laboratory before trials in model organisms or in humans can be
initiated.
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Figure 2. An overview of attempts at cell-based HIV therapy: Each column corresponds to a key step in development of cell-based therapies.

Colored lines corresponding to individual publications connect the specific cell types tested, delivery methods and genetic engineering tools
used and genes targeted, listed in the six columns.







