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All models of durable SIV/HIV remission -

including elite controllers, post-treatment 

controllers and the cured monkey studies -

suggest that the sustained control of HIV will 

require 

(1) a low reservoir size

(2) an effective and durable host response

(3) low inflammation



Enhancing host immunity
Leveraging HIV prevention products (vaccines, bNAbs) 

and cancer immunotherapy (ICBs, CAR-T cells)

• Vaccines (UCSF/DARE/amfAR)
• HIV DNA vaccine (Inovio): Enrolled (n=60)

• CE DNA +TLR agonist + bNAbs: Approved, starting soon

• CE DNA + PD-1 blockade: In development

• mRNA vaccine (CureVac): NHPs

• CMV/SIV vaccine: NHPs

• CAR-T cells (Lentigen/UCSF)

• Duo-CAR: In development



Can we reduce the reservoir?

Can we reduce the inflammatory 

environment?

Assumption: An understanding of the 

mechanism that accounts for how HIV 

is maintained during long-term ART 

will lead to effective interventions



T cell proliferation is the main cause of persistence

Infected cells maintained 

by those factors that 

dictate normal memory T 

cell homeostasis

HIV integration near 

growth genes may be 

selectively maintained
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Enrichment for HIV in more differentiated cells
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HOPE: CD4+ T cell half-lives (replacement rates) measured 

in vivo with deuterium labeling (treated HIV, n = 24)
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HOPE Cohort: Intact genomes are enriched in more 

differentiated cells with higher turnover rates



HOPE: Clonality increases with CD4+ T cell differentiation
Unique clones with same integration site were found across all states of 

differentiation
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In larger clones (>10%), HIV integration in 

cancer genes, suggesting proliferating cells 

should be enriched for the virus



Intact genomes (FLIPS) 

are enriched in HLA-DR+ 

and effector memory 

CD4+ T cells
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DARE: HIV enriched in PD-1 expressing cells; inhibition 

of this pathway causes latency reversal



Unspliced Intracellular HIV RNA Plasma HIV RNA

Day 2                    Day 8                      Day 22 Day 2                    Day 8                      Day 22 

CITN: PD-1 blockade (pembrolizumab) increases cellular and 
plasma HIV in individuals on ART with cancer (n=32)



Does the size, distribution, 

inducibility, intactness and/or 

clonality of the reservoir evolve 

during long-term (> 10 years) of 

ART?



DARE/SCOPE: Intact genomes (IPDA) decay more 

rapidly than defective one during first seven years

t1/2 = 4.0 years through year 7

t1/2 = 19.0 years after year 7
t1/2 = 15.8 years through year 7

t1/2 = 47.3 years after year 7



The frequency of “active” HIV reservoir in lymph tissues declines 

during long-term ART



The “active” reservoir in 

nodes declines over time and 

appears to be correlated with 

the level of lymphoid 

inflammation (germinal 

centers)
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FLIPS: The number of expansions of identical HIV-DNA 

sequences increases over time in TEM cells



During long term ART, the reservoir becomes increasingly clonal 

and difficult to reactivate



Lymph node inflammation 

persists during ART and 

associated with higher 

viral burden, lower 

CD4/CD8 ratio, higher 

CD4+ T cell activation and 

(in controllers) HIV DNA



Summary and therapeutic implications

• HIV enriched in more differentiated, rapidly turning over cells

– PD-1, HLA-DR, Tfh markers

• Clonal HIV integrated in genes associated with cell proliferation

• Reservoir during ART is not stable

– Intact genomes decline more rapidly than defective ones

– Reservoir increasingly clonal over time, with more in effector cells

• Reservoir may become increasingly difficult to reactivate, providing 

some rationale for “block and lock strategies”



If the reservoir is preferentially 

maintained in cells that are rapidly 

turning over (high replacement rates) 

then would sustained inhibition of this 

process lead to a measurable decay in 

the reservoir?



Sirolimus 

(rapamycin)—which 

reduces T cell 

activation and T cell 

proliferation and 

enhances generation 

of memory—is 

associated with low 

“reservoir” size post-

renal transplant



mTOR inhibitors (sirolimus) induces decrease in proliferating T cells



Outcome Mean 

95% 
Confidence 

Interval P-Value 

%CCR5+ CD4+ T-Cells -1.67 (-3.76, 0.42) 0.11 

%CD27+ CD4+ T-Cells -0.30 (-2.38, 1.77) 0.76 

%CD69+ CD4+ T-Cells -0.17 (-0.97, 0.63) 0.65 

Central Memory (%CD45RA-CCR7+) CD4+ T-Cells -0.01 (-2.18, 2.17) 1.00 

Effector Memory (%CD45RA-CCR7-) CD4+ T-Cells 2.20 (-0.50, 4.90) 0.10 

%Ki67+ CD4+ T-Cells -0.51 (-0.97, -0.05) 0.031 

Naive (%CD45RA+CCR7+) CD4+ T-Cells -2.16 (-5.46, 1.15) 0.18 

%PD1+ CD4+ T-Cells 0.42 (-1.81, 2.66) 0.69 

Terminally Differentiated (%CD45RA+CCR7-) CD4+ T-Cells -0.04 (-1.21, 1.14) 0.95 
 

A5337: Sirolimus decreased the frequency of CD4+ T cells expressing a marker 
of cell cycling (Ki67) (primary population, 20 weeks of treatment, n=16)



Outcome Mean 

95% 
Confidence 

Interval P-Value 

%CCR5+ CD8+ T-Cells -3.92 (-5.99, -1.85) 0.001 

%CD27+ CD8+ T-Cells 0.15 (-3.67, 3.98) 0.93 

%CD69+ CD8+ T-Cells -0.52 (-1.38, 0.35) 0.22 

Central Memory (%CD45RA-CCR7+) CD8+ T-Cells -0.87 (-1.82, 0.08) 0.07 

Effector Memory (%CD45RA-CCR7-) CD8+ T-Cells -0.58 (-3.02, 1.86) 0.62 

%Ki67+ CD8+ T-Cells -0.54 (-0.90, -0.19) 0.005 

Naive (%CD45RA+CCR7+) CD8+ T-Cells 0.75 (-3.61, 5.12) 0.72 

%PD1+ CD8+ T-Cells -2.85 (-4.85, -0.86) 0.008 

Terminally Differentiated (%CD45RA+CCR7-) CD8+ T-Cells 0.68 (-2.82, 4.18) 0.69 
 

A5337: Sirolimus decreased the frequency of CD8+ T cells expressing CCR5, 
Ki67 and PD-1 (primary population, 20 weeks of treatment, n=16)



Primary Efficacy Population (N=16)

c

A5337: Sirolimus reduced HIV DNA levels (mean 0.16 log10 copies DNA/mL)
Although the effect was modest, this may be the first drug shown to affect this outcome



Higher levels of exposure to everolimus associated with greater 

reductions in cell-associated RNA (bulk)

Gene expression 

studies (pathway 

analyses): The 

greater the degree of 

mTOR inhibition the 

greater the reduction 

in cell-associated 

RNA



• Reservoir: Long-term ART

• HIV increasing enriched in rapidly turning more differentiated cells

• Singlets may more likely to be a state of deeper latency

• HIV Remission: Reduce and control

• Control: Active and robust experimental medicine program

• Reduce: May need to target proliferating (clonal) population

• Cell proliferation as a target

• Will prevention of proliferation lead to decay in these cells?

• mTOR inhibition shows in vivo activity (rare in human studies)

• Other options being pursued (IL1-beta inhibition, JAK/STAT 

inhibitors)

Conclusions


