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• Review of the obstacles to viral eradication 

• Berlin Patient; Visconti Patients; Mississippi 

Baby; Boston Patients 

• Gene therapy approaches  

• Shock and kill  

• Immune-based strategies 

 

 



HIV cure research is a religion! 







Current therapies are extremely effective 

- reduced pill burden, fewer side effects. 

Virus in blood can be reduced to 

undetectable levels for years.  

 

Why not maintain the status quo and go 

with life-long ART? 

 

Immune inflammation causes co-

morbidities! 



Hunt et al JID 2003, PLoS ONE 2011 and unpublished 
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Individuals on ART develop “aging” 

diseases earlier in life. 

Immune inflammation leads to co-

morbidities including cardiovascular issues 

and diabetes. 

Despite this, recent findings indicate that 

HIV-infected individuals live as long as 

uninfected individuals! 

 



The changing face of ART 

15 years ago! 

Today! 

Tomorrow? 



 

What are the 

obstacles to 

eliminating HIV 

infection? 

 



Mechanisms of HIV persistence Mechanisms of HIV persistence 

T cell survival 

Homeostatic  

proliferation 

Finzi et al. Science 1997 ; Wong et al. Science 1997 ; Chun et al. PNAS 1997 ; 

Palmer et al. PNAS 2008 ; Chomont et al. Nat Med 2009 
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Latent reservoir 
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Latent reservoir 
 

Memory CD4 T cells confer immunologic 

memory so that pathogens encountered in 

childhood are rapidly resolved if 

encountered again in adulthood 

 

The ability of HIV-1 to take up residence in 

these cells confers life-long persistence. 

 

This reservoir is considered the single 

biggest obstacle to curing HIV-1 infection 
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Slow decay of latently infected CD4+ T cells 

- 

Time to eradication 

> 73.4 years 

Courtesy Bob Siliciano 

45 30 15 0 



Mechanisms of HIV persistence Mechanisms of HIV persistence 

T cell survival 

Homeostatic  

proliferation 

Ongoing  

viral replication 

Finzi et al. Science 1997 ; Wong et al. Science 1997 ; Chun et al. PNAS 1997 ; 

Palmer et al. PNAS 2008 ; Chomont et al. Nat Med 2009 

Active reservoir 

Latent reservoir 

Courtesy N. Chomont 



Raltegravir: 9/15 had increase in 

2-LTR circles at Wk1 or Wk2 

Raltegravir: 13/45 had detectable 

2-LTR circles at any timepoint 

during the study 



Cytoplasm 

Nucleus 
 Raltegravir  

Infectious virions  

(in face of protease 

inhibitors) 

Increase in episomes following Raltegravir intensification can 

only be explained by de novo infection. 

Reverse transcription of 

linear cDNA substrates 

(in face of RT inhibitors) 



Median % difference of lymphoid tissue from PBMC concentration 



Mechanisms of HIV persistence Mechanisms of HIV persistence 

T cell survival 

Homeostatic  

proliferation 

Ongoing  

viral replication 

Finzi et al. Science 1997 ; Wong et al. Science 1997 ; Chun et al. PNAS 1997 ; 

Palmer et al. PNAS 2008 ; Chomont et al. Nat Med 2009 

Active reservoir 

Latent reservoir 

Courtesy N. Chomont 

 
Is there an active reservoir and are 

there surrogates that could inform on 

the dynamics of the reservoir and its 

contribution to viral persistence? 

 

Cell-associated RNA 

 



Multiple viral RNA species produced in infected cells 



Multiple viral RNA species produced in infected cells 

 

Multiple forms of viral RNA – prematurely 

terminated, spliced, unspliced – produced in 

infected cells. 

 

CA-RNA present in infected cells from individuals on 

suppressive ART (Furtado NEJM, 2009; Yerly JID, 

2009; Hockett J. Exp. Med, 1999) 

 

CA-RNA predicts time to rebound post-treatment 

interruption 

 



Baseline reservoir size and timing of viral rebound 

Jonathan Li 



Baseline reservoir size and timing of viral rebound 

Jonathan Li 

 

Size of active reservoir (CA-RNA and residual 

viremia) are associated with timing of viral rebound 

 

Significantly lower levels of CA-RNA in individuals 

treated during acute infection 

 

Suggests infected cells may be recognizeable to 

immune system. Therefore, boosting antiviral 

immunity may help clear the viral reservoirs 

 



 

Is HIV curable? 

 

Lessons from early ART 

initiation! 

 



 

Sterilizing cure- all virus has been 

eliminated from the body 

 
Functional cure- virus remains but 

doesn’t rebound after antiviral 

cocktails are removed 

 



Early phases of HIV-1 infection 



• 20 adults (and one child) who started 

therapy early (but not in “hyperacute” 

stage), remained on therapy for years, 

and had no rebound after stopping 

therapy 

• Virus still remains detectable in blood but 

under control-even in absence of ART- 

functional cure? 



• “Mississippi baby” born to an HIV-positive 

mother who had not received antiretroviral 

treatment during pregnancy. Infant was treated 

from 30 hours after birth but parents stopped 

therapy after 18 months. Infant remained off 

drugs for next 27 months yet virus remained 

undetectable in blood until virus rebounded two 

months shy of infant’s 4th birthday. 



44 million HIV infections; 1 validated 

cure, Timothy Brown (Berlin Patient) 



44 million HIV infections; 1 validated 

cure, Timothy Brown (Berlin Patient) 

What was different about this case? 

 

Infected 1995. On ARVs until 2006 where he 

develops acute myeloid leukemia.   

 

Fails chemotherapy then receives two bone 

marrow transplants from a donor who had a 

mutation in CCR5- a co-receptor for the virus.  

 

8 years later, virus is undetectable in all tissues 

even though Timothy Brown is not on therapy. 

 



CCR5 alleles 

US Presidents have taken an interest in this discovery! 





ATI: Patient B 

32 



ATI: Patient B 

33 

 

Suggests presence of CCR5 null 

stem cells is necessary for the 

cure in the setting of BMT 

 

Unclear where rebounding virus 

originated from as host CD4 T-

cells were completely replaced 

with donor cells 

  



 

Genetic approaches to 

eliminating HIV infection! 

 



Why can’t we use bone marrow transplant 

to cure HIV infection? 

• Identification of immunologically matched donors 

with CCR5 mutation is challenging 

• BMT carries a 25% mortality rate. 

• BMT to cure HIV is unethical when ARVs sustain 

survival. Physician can not increase risk for patient. 

• Costs are significant ~300K 

• Scientists are developing approaches to create the 

CCR5 mutation in an infected individuals stem cells 

 

 



Gene therapy for cure of HIV-1 



Gene therapy for cure of HIV-1 



Challenges behind genetic therapies to 

cure HIV-1 infection! 

• Cost- $100K! 

• Most of the 40 million infections worldwide are in 

resource-limited regions where average per capita 

healthcare expenditure is several hundred dollars 

• Long-term concerns with modifying an individuals 

DNA. 

• Challenges in delivering the agent to the rare cells 

that harbor functional viral DNA 

 

 



 

Eliminating the latent 

reservoir using kick and 

kill approaches! 

 



Shock and kill approach for cure of HIV! 



“Kick and Kill” Pilot study of vorinostat (SAHA) in long-term 

treated adults 
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Changes in viral RNA levels were very modest 

 

Unclear whether viral protein- the essential 

target of “shock and kill” strategy, was 

produced 

 
 



 

Immune-based 

approaches to eliminate 

the viral reservoirs! 

 



• CMV engineered as a live HIV/SIV vaccine causes high 

levels of tissue-based “killer” CD8+ T cells that target novel 

parts of the virus 

• Vector stimulates “unconventional” MHC II/HLA E restricted 

CD8+ T cell responses that are potent, effector memory 

differentiated, widely distributed and indefinitely persistent 

• These cells clear latency during early infection, resulting in 

first clear documentation of a “cure” in this model 

 



Novel vaccine given before exposure 

may aid in viral control: SIV/macaque model 

Hansen SG and Picker LJ, Nature 2013 

Controllers 

(n=9) 

No protection 

but 

Virus 

eradicated in 

50% 

 



Getting CD8 T-cells to the right place! 



Obstacles to Cure 

 

Reservoir of long-lived, latently infected cells. 

 

Residual viral replication and potential replenishment of 

viral reservoirs. Reservoir may be dynamic 

 

The presence of an active reservoir, if validated, 

supports the rationale for therapeutic intervention 

strategies- even if “Shock and Kill” approaches fail. 
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