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HIV Cure: Definition and Potential Outcomes

Eradication Functional Cure

Elimination of the HIV 

reservoir

Partial elimination and 

control of cells containing 

replication competent virus

Berlin Patient      

London Patient

Elite controllers                

Post cART controllers

Hutter et al. NEJM 2009, Gupta et al, Nature 2019; Saez-Cirion et al, Plos Pathogens 2013





Berlin Patient: Summary of Results From 
Follow-Up Tests for Viral Persistence 

(2011-2012)

Yukl SA, et al. PLoS Pathog. 2013

Testing Laboratories

(Positive Results/Total Number) Consensus

Typical Levels With ART 

Viral  Suppression

Fold 

Difference

Plasma HIV RNA 2/4 ?Intermittent positive

?<1 copy/mL

1-2 copy/mL 2-20

PBMC

HIV DNA

HIV RNA

0/4

0/3

Negative (<1 in 106-7)

Negative (<1 in 106-7)

751/106 total PBMC

66/106 total PBMC

750-7500

66-660

Sorted cells from blood

HIV DNA

HIV RNA

0/1

0/1

Negative

Negative

Unknown

Unknown

--

--

Peripheral CD4+ T (IUPM) 0/2 Negative (<1 IU/107-9) 1/106 CD4+ T cell 10-1000

CSF HIV RNA 0/2 Negative -- --

CSF cells HIV DNA 0/1 Negative -- --

Lymph node

HIV DNA

HIV RNA

0/1

0/1

Negative

Negative

1-12 copies/100 ng

<4 log10 copies/g

--

--

Rectum (biopsy or cells)

HIV DNA

HIV RNA

1/2

0/3

?Intermittent positive

Negative (<1 in 106-7)

777/106 total gut cells

21/106 total gut cells

780

21-210

Ileum (biopsy or cells)

HIV DNA

HIV RNA

0/1

0/2

Negative (<1 in 106)

Negative (<1 in 106)

415/106 total gut cells

37/106 total gut cells

415

37



The London Patient



The London Patient: HIV-RNA
18 months of follow-up

Gupta et al., CROI 2019



The London Patient: Loss of antibody and 
specific T-cell responses to HIV-1

Gupta et al., CROI 2019

Expression in CD8+T

Expression in CD4+T



• Although it is not a viable large-scale strategy for a cure

… these new findings reaffirm our belief that there exists

a proof of concept that HIV is curable.

Anton Pozniak

• The breakthrough suggests first case was not a one-off

and could pave way for future treatments, based on

preventing the expression of the wild-type CCR5 co-

receptor.

• Gene-editing in infected patients might be a justifiable

goal

Ravi Gupta



• The spotlight  entry of  CRISPR/Cas9 technology

Science 2013

The type II prokaryotic CRISPR (clustered regularly interspaced

short palindromic repeats)/Cas nuclease adaptive immune system

has been shown to facilitate RNA-guided site-specific DNA

cleavage.

We engineered two different type II CRISPR/Cas systems and

demonstrate that Cas9 nucleases can be directed by short RNAs to

induce precise cleavage at endogenous genomic loci in human and

mouse cells. Cas9 can also be converted into a nicking enzyme to

facilitate homology-directed repair with minimal mutagenic activity.



Dash et a., Nature Comm 2019

Sequential long-acting slow-effective release antiviral therapy (LASER ART) and

CRISPR-Cas9 demonstrate viral clearance in latent infectious reservoirs in HIV-1

infected humanized mice. HIV-1 subgenomic DNA fragments, spanning the long

terminal repeats and the Gag gene, are excised in vivo, resulting in elimination of

integrated proviral DNA; virus is not detected in blood, lymphoid tissue, bone marrow

and brain by nested and ddPCR as well as RNAscope tests.



From Soriano V. in Gene Therapy with CRISPR/Cas9 Coming to Age for HIV Cure AIDS Rev 2017

“Before moving to the clinic the CRISPR/Cas9 must

solve several major issues:

- Selection of resistance

- Presence of mutant viral strains showing poor or no-

cleavage at all

- Delay but no complete elimination of viral replication

- Need of a safe and effective mechanisms of delivery

- No platform for gRNA candidate evaluation

- No data about access to all tissues (Cas9/gRNA

nanoparticle formulations)
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..., thus much more is needed

- Definition of latent reservoir

- Definition of replication competent virus and its

origin

- Definition of residual viremia origin

- New treatment strategies

- We need to know that there is no harm at the

reservoir level while proposing a maintenance

therapy “lighter” than the previous one



Finzi, Siliciano Cell 1998

HIV-1 infected CD4 T cells: different subsets 

and half-lifes



The Int Soc for HIV cure; Nature Imm 2012

Establishment of latency



Ongoing replication vs Homeostatic proliferation:

unresolved question

2017



2018



Ching-Lan, CROI 2019





• Where can we find replication competent

provirus? Where are we?



• Lymphoid organs are the primary anatomical

compartments for HIV replication and spreading

• HIV recrudescence occurs from multiple anatomical sites

on treatment interruption

Pantaleo, Nature 1993; Rothenberger Pnas 2015

LN Ileum Rectum



Brenda Salates, JCI 2019



Brenda Salates, JCI 2019; Huting, CROI 2019

• Analytical treatment interruptions with transient

viremia did not substantially alter the size or

diversity of the peripheral reservoir



• Rebound and replication competent virus at ATI has

different origin and potentially arises from different

sanctuaries sites

Brenda Salates, JCI 2019; Huting, CROI 2019



The HIV hiding places



2018



1. Brain derived-viruses were compartmentalized from virus in

tissue outside the brain. Lymph nodes, blood, lung and colon

sequences were interspersed.



« Size » of the HIV reservoir

Ho et al. Cell 2013

The « real reservoir » ?

• The vast majority of

proviruses that persist on

ART are defective.



Rapid accumulation of defective proviruses…

as early as two to three weeks after infection to make up over 93% of all

proviruses, regardless of how early ART is initiated

LTR   gag

  pol

  vif

  vpr

  vpu  nef

  tat

rev

LTR

gag   env

Bruner et al, Nat Med 2016



• The vast majority of proviruses that persist on ART are defective. Of

the minority that are intact (~2%), the fractions that are latent or

replicative competent are not known.

• These “ZOMBIE” proviruses (Imamichi, H. et al., International AIDS

Conference, 2014) lack the ability to produce intact viruses but can

inflict harm by producing foreign nucleic acids and proteins.

Persistence of these proviruses may explain the persistent

seropositivity to HIV-1 and persistent immune activation seen in

patients with "undetectable" virus.

• The majority of defective proviruses contains a large internal

deletion

Bruner et al., 2019



The vast majority of acute transforming retroviruses are replication
defective, with the oncogene-containing genome being
transmissible only during mixed infection with a replication-
competent virus. 
A defective retrovirus that relies on complementing functions can, 
in some instances, become replication competent by recombining
with its replication-competent “helper.” 
In fact, there is some evidence that Rous sarcoma virus, possibly
the only naturally arising replication-competent retrovirus 
containing a host oncogene, was replication defective initially

The Remarkable Frequency of Human Immunodeficiency
Virus Type 1 Genetic Recombination

A Onafuwa-Nuga and A Telesnitsky
Microbiology and Molecular Biology Reviews - 2009



As we observed for 8E5 in this study, genetic recombination

could generate replication-competent viruses from such a

collection of defective proviral sequences.

Infectivity of recombinant viruses

generated following transfection

of 8E5 cells with defective

molecular clones of HIV.





Bachmann, Nat Comm 2019



Bachmann, Nat Comm 2019



Quantification of cell-associated HIV DNA

•When to use it?

-Quantification of cells that are infected (i.e total reservoir 

size)

•Sample: few cells (>0,1*106) -> PBMC, CD4 T or Tissue

cells

•Advantages

-High Sensitivity (1 infected cell/million cells) 

-High Accuracy

-Cheap

-Rapid

•Disadvantages

-Overestimate the size of the reservoir

-Measure intact and defective provirus

(no exclusively replication competent)



Conclusions
✓ From the Berlin Patient to 2 functionally cured HIV-1

infected patients (what about biological cure?)

✓ Molecular knives, as the CRISPR/Cas9 system, can excise
any genome, thus provide an opportunity to destroy the HIV-1
genome: a promising pathway to HIV cure

However…

• The composition of the HIV reservoir is highly complex
because of the distinct cell lineages, with various phenotypes,
transcriptional status and anatomical distributions

• The identification of cells carrying replication competent
or/and trascriptionally active viruses is still far to be defined

• Recombination events are frequent and might regenerate
infectious virus particles from replication-incompetent
sequences



✓ Based upon the current knowledge and information
available, there is no evidence that rational and well-
targeted therapy simplifications, including dual therapy
(particularly if dolutegravir-based), have a negative
effect upon the reservoir and harm the homeostasis of
the patient

Conclusions


