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QUESTIONS

Why do we need a cure for HIV?
Why don’t we already have a cure?
What are current strategies for cure?
What challenges need pharmacology insights?



ONE REASON WE NEED A CURE: GLOBAL HIV BURDEN 
2016

People living 
with HIV

36.7 million

New HIV 
infections

1.8 million

AIDS-related
deaths

1.0 million

5,000 new infections per 
day

64% sub-Saharan Africa

43% female adults



INCREASING ACCESS TO TREATMENT



ANOTHER REASON WE NEED A CURE: 
THE TREATMENT CASCADE



ANOTHER REASON WE NEED A CURE: 
INCREASED COMORBIDITIES (ARVS AND INFLAMMATION)

Guaraldi et al. Clinicalecon Out Res. 2013

%
 R

isk
 o

f N
on

in
fe

ct
io

us
 C

om
or

b
id

iti
es

 



WHY DON’T WE HAVE A CURE?
HIV PERSISTENCE ON TREATMENT
• Removal of ART results in rebound viremia within 3 weeks
• Occurs even in the setting of long-term viral suppression
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WHY DOES REBOUND OCCUR? 
ANATOMICAL SITES OF HIV (DNA/RNA)

Adapted from Wong et al Curr Opin HIV AIDS 2016, Holdrych CROI 2018



THE VIRAL RESERVOIR: 
A CENTRAL PROBLEM TO CURE

• Sequestered anatomic sites
• Genital tract
• Central nervous system

• Central memory T cells (T 
follicular helper cells); quiescent

• Lymphoid organs
• Lymph nodes
• Spleen
• Gastrointestinal tract

Tissues (genital tract, spleen)

Barton et al. Trends Microbiol. 2016



MULTIPLE MECHANISMS OF HIV PERSISTENCE

Deeks et al Nat Rev Immunol 2012



LOW LEVEL REPLICATION OR CLONAL EXPANSION?
LOW LEVEL REPLICATION (ARVs)

Evidence of viral evolution in 
anatomic compartments
ARV intensification with INSTI results in 
increased 2-LTR circles

Imaging evidence of active HIV 
replication in LN under suppressive 
ARV therapy
Lower drug concentrations in 
anatomical sites? 

CLONAL EXPANSION (IMSs)
No evidence of viral evolution in 
anatomic compartments
ARV intensification does not 
change the size of the viral reservoir
Evidence of clonal expansion in 
lymph node xxxx
Absence of breakthrough 
resistance at a population level  
xxxxx
Drug concentration targets 
unknown at a cellular level

20+ references20+ references



WHATEVER IS RESPONSIBLE, THE VIRAL RESERVOIR DECAYS 
SLOWLY



N=1: Timothy Brown (“Berlin Patient”)

SCT with CCR5 32 32 + GVH Disease

Must remove virus AND target cells

CAN’T USE ARV TX ALONE FOR CURE:
STRATEGIES FOR A CURE

Immune-mediated control of HIV 
infection (eg “Elite Controllers”)

Withdraw ARV without rebound (eg
remission after cancer therapy)

Increase inflammation/comorbidities?



STRATEGIES FOR A CURE

Find and shrink the size of the HIV reservoir
Reduce seeding of the latent pool with early ARV therapy (eg Febig 1/2)
Reverse latency (shock and kill)
Suppress latency (block and lock)
Increase HIV-specific immune function (vaccines)
Immune checkpoint blockade (antibodies – eg anti-PD1 Ab)
Gene therapy targeting for the virus or host (CCR5 knockout/knockdown)
Stem cell transplant

Combination Therapy Will Be Necessary



SHOCK AND KILL STRATEGY

Deeks, Nature Med 2012; D Douek, April 2016, IAS USA 

Shock
Drug 

Immune
Augmen-

tation

Vaccine
BITEs

DARTs

ARVs
Protect 

from 
New 

Infection



Kim et al. Cell Host and Microbe, 2018Margolis et al. Science. 2016

SHOCK APPROACHES



CURRENT SYSTEMS TO STUDY HIV LATENCY



CHALLENGES WITH CELL MODELS

Spina et al. An in-depth comparison of latent HIV-1
reactivation in multiple cell model systems and 

resting CD4+ T cells from aviremic patients. PLoS
Pathog. 2013;9(12):e1003834. 

• 5 T cell models
• 4 J-Lat models
• 1 patient cells

• 13 stimuli

• no single model 
captured patient cell 
response 

• PKC agonists and PHA 
reactivated HIV across 
models; drugs in most 
other classes did not



CHALLENGES WITH EXTRAPOLATION TO CLINICAL TRIALS
Nature 2012

JID 2014



USING PHARMACOMETRICS TO OPTIMIZE DOSING

JCI 2017

Q3-4 Days



IMPROVING STATIC IN VITRO SYSTEM PREDICTABILITY

Figure: Graphical Representation of a Hollow Fiber Model (HFM). Whitford BioProcess
International (2009)7:54-63

• Central reservoir mimics 
in vivo circulation

• Syringe pump infuses 
drug treated media to 
mimic in vivo drug 
absorption

• Media pumps dilute 
drug treated media in 
central reservoir to 
mimic in vivo drug 
clearance



AAC 2015

HOLLOW FIBER BIOREACTOR POTENTIAL

PK/PD Predictions
Meropenem for Pseudomonas

Aztreonam+avibactam for MDR 
Enterobacteriacea

Oseltamivir for Influenza A

Amprenavir+ritonavir for HIV

Cmax/EC90 AUC/EC90

Ctau/EC90
% Time > EC90



HOLLOW FIBER BIOREACTOR POTENTIAL

Archin JID 2014
Archin JCI 2017
Cottrell, unpublished 2018



CHALLENGES WITH TISSUE DISTRIBUTION/PHARMACOKINETICS:
LATENCY REVERSING AGENTS AND ANTIRETROVIRALS

Tissue distribution is 
heterogeneous

Tissue distribution is 
nonhomogeneous and 
tissue specific, with high 
inter-tissue and inter-
subject variability 
target site concentrations 
may substantially differ 
from plasma 
concentrations

Representative PET images of human subjects following 
the 18F-trovafloxacin.  Muller AAC 2004



MEASURING TISSUE PHARMACOKINETICS FOR LRA 
AND ARV PK/PD

LC-MS methods of 
quantification

•Extraction of analyte
from tissue homogenate 

•Useful for providing initial 
information of averaged 
concentration

•Lack of spatial resolution
•intracellular+extracellular

Enzymatic Digestion & 
Cell Isolation

•Concentrations decline 
with sample processing

•Lack of spatial resolution

Traditional imaging 
techniques (QWBA, PET)

•Require radiolabels 
•May not distinguish 

between parent and 
metabolite

•Challenging to evaluate 
multi-drug therapies

•Cellular resolution may 
not be possible

Mass Spectroscopy 
Imaging 

•Only allows ex-vivo 
measures

•Spatial distribution of 
compounds

•Distinguishes between 
parent and metabolite

•Provide additional 
information on 
endogenous 
compounds and 
metabolites

Solon et al AAPS 2010



UTILITY OF MUCOSAL TISSUE HOMOGENATES IN PREP
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MRV (4)

RAL (2) ZDV (2)

DDI (0.21)

ABC (0.08)

D4T (0.05)

APV (0.5)

LPV (0.08)

TFV (1)

FTC & 3TC (4)

DTG (0.06)

ETR (1.3)

EFV (0.03)

DLV (0.2)

NVP (0.8)

RTV (0.3)
ATV (0.18)

IDV (2)

SQV (ND)

MRV (27)

RAL (150)

ETR (8)

RTV (13)

DTG (0.17)

FTC (2.6) DRV (2.7)

TFV (46)

Cottrell et al 2015



UTILITY OF MUCOSAL TISSUE HOMOGENATES IN PREP 

PK Model of TFVdp and FTCtp in Mucosal Tissueses In Vitro Cellular Targets for Efficacy/Synergy Dose Frequency for HIV Protection

JID 2016



Need a better understanding of tissue pk/pd

LN: WHAT CONCENTRATION IS NEEDED FOR EFFICACY?

NNNNNNNNeeeeed aaa beeetterrr understanndiinng of tissue pkkk///////ppppppppd

(n = 8)

Emtricitabine (FTC)    Raltegravir (RAL)
Tenofovir (TFV)           Maraviroc (MVC) 
Efavirenz (EFV)           Atazanavir (ATZ)

LC-MS/MS ARV Concentration Analysis in Lymph Nodes

UTILITY OF TISSUE HOMOGENATES LIMITED IN CURE

Burgunder et al. Unpublished data. 2018

Need a better 
understanding 
of tissue pk/pd



ENZYMATIC CELL DIGESTION

Nature Med 2017



ENZYMATIC CELL DIGESTION
PNAS 2014

Fletcher et al CROI 2018



MASS SPECTROSCOPY IMAGING

• Could HIV persistence in 
reservoirs be due to 
inadequate ARV 
distribution?

• Will anti-latency therapies 
reach all tissue sites ?

Thompson, et al. AAC. 2015, 59(5)



QUANTITATIVE IR MALDESI

Muddiman et al J Am Soc Mass Spectrom. 2013 Muddiman et al J Am Soc Mass Spectrom. 2013 



MSI OF ARVS IN TISSUES:
DRUG-SPECIFIC DISTRIBUTION

TFV MSIEFV MSI

LYMPH 
NODE

Cholesterol MSI H&E CD3 EFV MSI TFV MSI

Cholesterol MSI H&E CD3

COLO-
RECTAL

Intra-tissue concentration gradient                      10 fold 3 fold

Intra-tissue concentration gradient 3 fold 17 fold

localized to mucosa, lamina propria

localized to capsule, few follicles medullary sinuses

Conc

Conc



ANATOMIC RESERVOIR MSI:
WHITE VERSUS GREY MATTER

Srinivas et al In review, 2018



PANOBINOSTAT (PANO- HDAC INHIBITOR): 
IN VITRO EFFICACY – IN VIVO FAILURE

Is the drug where it needs to be?
IR MALDESI Visualizes PANO In Vascular Spaces (70%) and 
Follicles (30%) 

IHC PD1 
Staining of 
NHP Lymph 
Nodes 

cells

humanized mice

HIV+ Patients

Rosen et al IAS 2017



ADDITIONAL INSIGHTS WITH MSI

Rosen et al 2017



LYMPHOID TISSUE MSI:
LYMPH NODE OVERLAY FOR PK/PD?

Image Fusion of ARV and 
vRNA or CD4+ T Cells

Total ARV Exposure in Lymph 
Node

IR-MALDESI MSI

Viral Expression or 
Target Cell Distribution

ISH/IHC

=+

Rosen et al CROI 2018



MSI OF ARVS IN TISSUES: 
CORRECTING FOR BLOOD CONTAMINATION



FACTORS AFFECTING DRUG DISTRIBUTION IN ANIMALS

Drug distribution differences?
Drug transporter activity
Protein binding
Intracellular activation
Other local barriers

…changing the way drug is
distributed from one model to 
the next



ANIMAL ARV TISSUE DISTRIBUTION VARIABLE BETWEEN MODELS
RALTEGRAVIR AND TENOFOVIR IN BLT VS SCID MICE GIVEN THE SAME DOSE 

50% 

10X 

Denton et al. IAS 2013. Plos Pathogens 2013, Akkina et al IAS 2013

BLT SCID



HUMANIZED MOUSE DIFFERENCES IN TRANSPORTER GENE EXPRESSION

BRAIN SPLEEN ILEUM

BLT
SCID

BLT
SCID

BLT
SCID

Srinivas, Burgunder, Devanathan et al. Unpublished data 2018



SUMMARY

HIV infection still a major cause of morbidity
Once ART is stopped, viral rebound inevitably occurs

Long lived infected cells in privileged anatomic sites cause of slow reservoir 
decay

active viral replication in tissues is controversial, but likely occurs to some extent

Cure strategies primarily focused on a functional cure
a combination of small molecules and immunotherapy (eg shock and kill)

Unclear which latency reversal model (cells and animals) will be most 
predictive of efficacy



SUMMARY
Pharmacologic insights will be critical to streamlining drug 
development 

Hollow fiber cell models for PK/PD screening to identify dosing strategies, 
promising combination therapy, and optimal sequencing of 
combinations
Mass Spec Imaging promising for studying drug distribution and effect in 
tissues
Better prediction of drug penetration in tissue compartments 
Understanding species differences in tissue PK/PD to develop accurate 
allometry for cure

If we cure a mouse/NHP can we cure a human?
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LYMPHOID TISSUE MSI:
INTESTINAL TRANSPORTER OVERLAY

Thompson et al. STM In review 2018





Kim et al. Cell Host and Microbe, 2018



COMPLEX NATURE OF HIV RESERVOIRS

Chun et al Nature Immunology 2015



Chun et al Nature Immunology 2015





re (Kessing et a1., 2017: doi:
10.1016/j.celrep.2017.09.080)



SUBCLASSES OF INFECTED CELLS

Fischer, Retrovirology 2008
Althaus, PLoS Comp Biol, 2015
Yukl, STM, 2018 Adapted from Huldrych, CROI 2018

latent – partially activated – productive
(DNA)   (no HIV produced)    (HIV) nnn







STRATEGIES TO A CURE
FUNCTIONAL CURE

Immune mediated control of viral 
replication

Eg elite controllers; boosting the 
immune system
ART may be withdrawn without 
subsequent viral rebound (eg
“complete remission” after treatment 
for malignant cancer)
But these strategies my results in 
increased inflammation/ 
comorbidities

STERILIZING CURE
Elimination of all HIV-infected cells 
from the body

infected cells not visible to host 
defenses
frequency of HIV-specific CD8 T 
cells typically decreases with ART 
and often have “exhausted” (or 
dysfunctional) phenotype 
Infected cells broadly distributed to 
sites relatively inaccessible to host 
defenses or treatment



SHOCK AND KILL STRATEGY

Deeks, Nature Med 2012; D Douek, April 2016, IAS USA 
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PD Measured over Time Clinical vs In Vitro PK/PD

PREDICT PD BY SIMULATING IN VIVO PK

Time Post First Dose
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MSI (IR MALDESI)
QUANTITATIVE INFRARED MATRIX ASSISTED LASER DESORPTION ELECTROSPRAY IONIZATION

Thompson, et al. Antimicrob. Agents Chemother. 2015




