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Antiretrovirals & Other Drugs



In Vitro Analyses of ART Toxicity
In Fetal Rat Cortical Neurons

Control

Toxicity Index
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Robertson et al, J Neurovirol 2012, 18: 388-299



ART Toxicity in Other Glial Cells
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Latronico et al, J Neurochem 2018, 144: 271-84

Jensen et al, J Neuropathol Exp Neurol 2015, 74(11): 1093-1118



Relationship Between CAB and RPV Concentration
In Plasma and CSF

Individual unbound plasma cabotegravir concentrations are represented as mean of the 4 replicates.
CSF, cerebrospinal fluid; IM, intramuscularly; Q4W, every 4 wk; Q8W, every 8 wk.

Letendre et al. HIV Glasgow; Glasgow, UK. Oral 0346.



Animal Models Support That ART Concentra-
tions in Brain Are Much Higher Than in CSF

4 N

C Simulated concentration of efavirenz in brain
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In Vivo Measurement of
Fluorinated Drugs with *°*F-MRS

S TEFVI_pmn 13 250
singte

Tissue fluvoxamine concentrations (puM) i Efav i re n Z

151 o ® Brain by MRS (uM)
5 © Plasma by HPLC (uM)
\ ~ Non linear regression fit to brain data
\\ Non linear regression fit to plasma data
10+
’ .
'] . o9
L] ~—
“'“o___x - 3
‘“'-".— —_ = “ 'I I n” I
51 x';'“--- . . g 1 ‘ . . ‘ . ‘ .
[ ] - — -0 - 720 -0 -20 -0 -0 -no 240 250
] ° — X = otta per Milm - Fhawieel0
| i 15
i inggte. e
o ~ ‘ .
N I o SN Dolutegravir
0 24 48 72 96 120 144 168 192 216 240 =
Time (hours)

Bolo et al, Neuropsychopharmacology
23:428-438, 2000

i et

-B5 758 57

!
:

X - poestn per Blilin - Fluwiee 1

Bussell, Brown, & Letendre, Unpublished Data




Dolutegravir, NP AEs, & Discontinuation
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N=565
DTG Only

de Boer et al, AIDS
2016, 30:2831-2834
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Hoffmann et al, HIV Medicin
\ 2017, 18, 56--63
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Age, per 10 years older
MNonwhite ethnici
Prior AlDS-defining condition
HCV-cainfection
CD4™ cells per ul
<350
350-500
=500
HIV RNA =>100000 copies per ml
Treatment naive
Backbone
Abacavir-lamivudine
Tenofavir-emtricitabine
Other
Raltegravir versus dolutegravir

/ N=4,041
DTG vs. RAL
WVariable
Female

Toxicity:
RAL 4.3%
DTG 3.6%

\_

Elzi et al, AIDS 2017,
31:1853-1858
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Psychiatric event

Depression

Fettiplace et al, J AIDS
2017;74:423-431 /




First author

Mixed Results from CROI 2019

Abstract

Drugs

Neurobehavioral
Findings

Neuroimaging

Findings

Vera

Mora-Peris

Prats

O’Halloran

Chan

122

443

439

442

440
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20

42

202

254

Raltegravir
Dolutegravir

Raltegravir
Dolutegravir

INSTIs

INSTIs vs.
Non-InSTIs

Dolutegravir

Switch
120 Days

Switch
120 Days

Early vs.
Chronic HIV
48 Weeks

Clinical
cohort

Switch
48 Weeks

Global NP: No difference
PRO: No difference

Global NP: No difference
PRO: No difference

NPZ12: No differences
Depressive, Anxiety, and
Stress: Worse at Baseline
in Early HIV

Global & Learning/Memory:

fMRI: No difference
EC: Increase in 3 resting-
state networks

'H-MRS: Higher NAA/Cr
with DTG (p=0.07)

sMRI: Decrease in medial
orbital frontal cortex in
Chronic HIV

sMRI: Lower total and

INSTIs worse

NPZ4: Improved
PHO-9 Somatic: Worsened

subcortical GM with InSTls

None reported

PRO=Patient-Related Outcome

FC=Functional Connectivity

InSTI=Integrase Strand Transfer Inhibitors
PHQ=Patient Health Questionnaire



Maraviroc
Raltegravir

Efavirenz

Etravirine

Summary of In vitro Evidence of
Mechanisms of Neurotoxicity

1 Microglial activation

1 IL-8 in brain macrophages

1 TNF-a and IL-13

Dendritic spine injury

Mitochondrial alterations

T Autophagy

T B-Secretase expression, 1 amyloid-, 1 ROS
1 Endoplasmic reticulum stress

| ATP stores; | neural stem cell proliferation

| MAP-2 density in rat neurons

Zidovudine

Lamivudine

Abacavir

Indinavir

Lopinavir

Atazanavir

| Mitochondrial DNA in cortical neurons
T Amyloid- production
| Mitochondrial DNA in cortical neurons
1 Amyloid-3 production
1 Amyloid-B production

T Amyloid-3 production

| Myelin basic protein, | galactocerebroside in
oligodendrocytes

T Oxidative stress, 1 ER stress, 1 IL-6 and
TNF-a in macrophages

| Tight junction proteins, | synaptic proteins, 1
TNF-qa, IL-6 and IL-1(3

T Oxidative stress, | MAP-2, | synaptophysin

Shah et al, Neurotox Res (2016) 30:677—697 691



Amyloid-B (% Control)

Amyloid-B, Microglial Cell-Associated

ART Drugs Can Increase Amyloid-f8
& Reduce Microglial Phagocytosis

EFV Reduces Microglial Phagocytosis of AR, ,,

c
Az - S
- m
S 31 <
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Zo 4 3TC 3TC/AZT EFV o
2" A.(_'T EFV ®
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N2a/APPwt cells (conditioned media)
3TC AZT 3TC EFV Citrl

AZT
EFV

Giunta et al, Molecular Brain 2011, 4:23 Brown et al, PLoS ONE 2014, 9(4): e95500



Amyloid and Phospho-Tau Neuropathology
May be Influenced by Antiretrovirals

Tenofovir use prior to death Darunavir use prior to death Ritonavir use prior to death
associated with lower odds of associated with higher odds of associated with higher odds of
amyloid B plaque deposition phopho-tau deposition in neurons microgliosis

(OR 0.13, p=0.012) (OR 15.3, p=0.0005) (OR 4.96, p=0.023)

Soontornniyomkij et al, AIDS 2018, 32: 2005-2015



Somatic APP gene recombination in
Alzheimer’s disease and normal neurons

Ming- Hsumguae Benjamin Siddoway™, Gwendolyn E. Kaeser'->*, lgor Segora™, Richam Rivera', Willlam 1 Romanow’,
Christine 5. 1w, Chris Park?, Grace Kennedy®, Tao Long® & Jerold Chon®s

https://doi.org/10.1028/541586-018-0718-6



SIV-Targeted ImmunoPET

PEG-modified, ®4Cu-labeled SIV Gp120-
specific antibody

Visualized by PET
Viremic animals: Signals in the Gl and

respiratory tract, lymphoid tissues and
reproductive organs

Aviremic animals: Signals reduced but
detectable in colon, lymph nodes, small
bowel, nasal turbinates, genital tract and lung

Did not detect uptake in the CNS,
“probably because of probe exclusion
by the blood-brain barrier”

Before ART During ART

Santangelo et al. Nature 2015, 12(5): 427-35



Monoclonal Antibodies Are Being Investigated
For Alzheimer’s Disease & Multiple Sclerosis

-

o

Prins & Scheltens,
Alzheimer's Research & Therapy 2013, 5:56
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Orthmann-Murphy & Calabresi,
Clinical Pharmacology & Therapeutics
2017, 101(1): 52-64
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Reduced Sensitivity to Broadly
Neutralizing Antibodies in CSF-Derived HIV

Near full-length HIV-1 envelope variants
from paired CSF and blood plasma
samples of 9 adults by SGA

CSF compartmentalization in 55% (5/9)

Autologous neutralization: No significant
differences in sensitivity between CSF
and blood viruses

BNADs: Large differences between
CSF and blood viruses with both
compartmentalized and equilibrated
CSF populations

Stefic et al, CROI 2016, Abstract 400
Stefic et al, PLoS ONE 2017, 12(8): 0181680




Risks of Polypharmacy in Aging PLWH

Smit, et al Lancet Inf Dis 2015, 15(7):810-8 Ma, et al CROI 2019, Abstract 437



Women with HIV are More Likely to Use Other
Medications Associated with NP-AEs

4 Y4 N

\_ AN /

(" NP-AE Drug Use and ART

\__ y,
Radtke, et al. CROI 2018, Abstract 401




Attack of the 'Omes



‘Omes Differ by Informational Diversity and
Evolutionary Conservation

e Genome: DNA

o Transcriptome: mRNA, miRNA, others
 Proteome: Structural and functional proteins
 Metabolome: Energy flux, signaling proteins
e Lipome: Lipid-based membranes
 Glycome: Cell surface and secreted glycans

Varki, A, Cold Spring Harb Perspect Biol 2011, 3:a005462
Giron et al, CROI 2019, Abstract 124



Genome



Genomewide Association Study of HAND

Jia et al, Am J Med Genetics 2017, 174(4):413-426 FAM155A

CNS HIV ANTIRETROVIRAL THERAPY EFFECTS RESEARCH | WWW.CHARTERRESOURCE.UCSD.EDU



Biological Plausibility

* T-Cell Receptor-a
» One component of the a3 TCR heterodimer, involved in T-cell activation

» Knock-out mouse studies identified a role for TCRa in adult neurogenesis
particularly in the hippocampus, which is commonly affected in HAND

= SH3RF3

» Involved in regulating endosome sorting and signaling (may be relevant to
amyloid 3 clearance and accumulation)

» Associated with age of onset in familial Alzheimer’s disease

= FAM155A

» Unknown function; Strongly associated with depression personality trait in
the SardiNIA cohort, although this did not validate in the Baltimore
Longitudinal Study of Aging

Jia et al, Am J Med Genetics 2017, 174(4):413-426



Neuro-
degenerative

Immune

Dopamine

Mitochondrial
& Epigenetic

Kallianpur & Levine,
Curr HIV/AIDS Rep (2014)
11:336-352



APOE €4 Associated with Cognitive
Decline in HIV+ Men in MACS

Mukerji et al, Clinical Infectious Diseases 2016;63(8):1130-9



Evidence for APOE €4 Vulnerability

Author Year Sample | Outcome Association Comment
Size
36

No significant differences Women
Memory Island Test: p<0.05

Morales 2012
Hoare 2013
Wendelken 2016
Chang 2011
Joska 2010
Chang 2014
Valcour 2004
Spector 2010
Mukerji 2016
Morgan 2013

45
76
139

144
177
182
201
273
466

NCI

Memory Island test

NCI
NCI
NCI

NCI

HAND

NCI

NCI

Cognitive Decline
HAND

Worse executive fct, p=0.045 Older than 60

No significant differences South Africa

Only present in older pts
Blood Donors in China
Older than 50

No differences €4+ vs. €4- CHARTER



Evidence for APOE €4 Vulnerability

Wendelken et al, J Acquir Immune Defic Syndr 2016; 73: 426—-432

Author Year | Sample |Outcome Association Comment
Size
4 Corpus callosum, p=0.007

Hoare 2013 Diffusion Tensor Imaging
Wendelken 2016 76 Structural MRI and
Diffusion Tensor Imaging
Chang 2011 139 Structural MRI
Chang 2014 177 MR Spectroscopy HIV+ & HIV- g4+: Lower ml

Cooley 2016 237 Structural MR No differences €4+ vs. €4- Stratified by age 50




Gene | Variant | Domain
value

DRD2 rs6277  Cognitive 0.004
flexibility (1.2—2.6)
DRD2 rs6277  Executive 3.3 0.001

Function (2.0-5.7)

Villalba et al. Behav Brain Funct (2015) 11:25

0.23

0.23

Probability of Neurocognitive Impairment

Deficit score

1.00

0.75

0.50

0.25

0979 [ val/val or Val/Met
081 m Met/Met T

0.7 -
. |
05| |
0.4 -

0.3
0.2+

0.1+
0 n |
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Bousman et al. Neurobehav HIV Med; 2010: 1-11
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Cardiometabolic Risk Score

Saloner et al, J Acquir Immune Defic Syndr. 2019 Apr 29




Heme-Oxygenase-1 Promoter (GT)n dinucleotide
repeat polymorphism, HIVE, & HAND

Short 'S’ Medium ‘M’ Long ‘L A

500- <27 27-34 >34 880~ Short 'S Medium ‘M"  Long ‘L
i n=338 n=614 n=146 5004 <27 27-34 =34

4004 ” 450_: (n=354) (n=641) (n=211)

1 L 400
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neurocognitive impairment
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Gill et al, Journal of Neuroinflammation (2018) 15:70 Garza et al, Submitted 2019




Neurocognitive Impairment & HAND are More Frequent in
Hispanic-ancestry Persons, but not mtDNA Haplogroup B

p=0.012

 Post-mitotic, high-energy 100{ (B)
demands - ol
: - . =] S 804
 Neurodegeneration in inherited g2 NS
mtDNA diseases E
. o < g 60+ NS
e Mitochondrial link between = |
neuroinflammation and gg 40 T [T 1 T
neurodegeneration @ s l L] : l B
Di Filippo, et al. J Alzheimers Dis 2010; Trudler, et al. J %g 4
Neural Transm 2015 55) é 20 -
=z
« mtDNA haplogroups and AD/PD
Giannoccaro, et al. Mov Disord 2017 0

L1 L2 L3 Other H J T Uk Other A B C Other
Mitochondrial Haplogroups

Slide courtesy Todd Hulgan Clin Infect Dis 2015; 61(9): 1476-84



Nuclear-Mitochondrial Interactions

—— )

Bonferroni-Corrected P value Threshold=0.0025

 FBN3 is a fibrillin, an extracellular matrix protein that is involved in

microfibril formation. FBN3 is highly expressed in the brain (unlike
FBN1 and FBN2) and is involved in maintaining BBB integrity

Smieszek et al, Mitochondrion 46 (2019) 247-255



Glycome



P Glycosylation of

'\\( IgG‘anllbody Secrete d
T proteins/Antibodies
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Giron et al, CROI 2019, Abstract 124
Colomb et al, Curr HIV/AIDS Rep, 2019




Giron: Host Glycomic Determinants

Giron et al, CROI 2019, Abstract 124
Vadrevu et al, J Leukocyte Biol 2018



Giron: Host Glycomic Determinants

Giron et al, CROI 2019, Abstract 124



Giron: Host Glycomic Determinants

Giron et al, CROI 2019, Abstract 124



Giron: Host Glycomic Determinants

Giron et al, CROI 2019, Abstract 124



Virome



CMV Is Associated with
Worse Neurocognitive Performance

Gianella & Letendre, J Infect Dis 2016 Letendre, et al, Clin Infect Dis. 2018,67(5)770-777



Letermovir for Prevention of CMV Morbidity

Letermovir

Hoj\: Om
se'ty

F LN o
&

Marty FM et al. N Engl J Med 2017;377:2433-2444.



Microbiome



The GALT Provides HIV with Abundant Target Cells

Loss of tight junctions

Mucus

~
Microbial products CD4 T cell loss
Enterocyte apoptosis

Healthy Gut HIV-Infected Gut
e Majority of CD4+ T cells in body e Massive loss of CD4+ T cells
* Tight epithelial junctions, mucus * Enteropathy
« Antimicrobial peptides, antibodies, cells ¢2-10x increased permeability
» Cross-talk between microbes and e Translocation of microbial products

Slide Courtesy Netanya Utay, M.D. Brenchley and Douek, Mucosal Immunology, 2008



HIV in the Gut

Without ART With ART

pelrore ATler
therapy therapy
35.9% B LN B LN 0.53%
62.3% B Gut B Gut 98.0%
0.23% [@ Spleen B Spleen 0.28%
0.04% [ Brain B Brain 0.38%
0.12% B Kidney B Kidney 0.01%
0.03% [ Heart B Heart 0.0002%
1.13% [ Lung O Lung  0.73%
0.24% [ Liver [J Liver 0.07%
107 7 _ 10 7 =
3 10°7 = I . - = 3 1009 = I n - =
8 5 I = i 5 -~ T
o 10 I I I : 10 _ I I
Z 10* 1 Z 10%7
T o
> 10° 1 > 10° 1
R @2
c 10 s 10
S 10" £ 10"
100 B T T T T T T 100 - T T T T T T
Duodenum  Jejunum lleum Ascending Transverse Rectum Duodenum  Jejunum lleum Ascending Transverse Rectum
colon colon colon colon
B Acute Early chronic Late chronic B Acute Early chronic Late chronic
62% of VRNA+ cells are in the gut 98% of VRNA+ cells are in the gut

Slide Courtesy Netanya Utay, M.D. Estes, Nat Med, 2017



Microbial
Translocation and NCI

« LPS and sCD14 levels are higher in
people with HAD than with no
Impairment

« SCD14 levels are also higher in
people with mild neurocognitive
disorder and neuropsychiatric
impairment due to other conditions

— Not asymptomatic neuropsychiatric
Impairment

Slide Courtesy Netanya Utay, M.D. Ancuta, AIDS, 2008



Alterations in Gut Microbiome in PLH

HIV

A A
A A

>
>
>
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Slide Courtesy Netanya Utay, M.D. Vujkovic-Cvijin, Curr HIV/AIDS Rep, 2019



Gut Microbiome, sCD14, and HAND

Perez Santiago et al, CROI 2017, Abstract 390



Gut Dysbiosis and
NIH Toolbox
Emotional Battery

Perez Santiago et al, Society on Neuroimmune Pharmacology 2019



Fungal Translocation
as an Indicator of Gut Permeability

Hoenigl et al, CROI 2019, Abstract 410



Targeting Microbial Translocation

e |In A5286, rifaximin, a luminal
antibiotic, did not decrease
sCD14 or IL-6 levels

e |In A5296, sevelamer did not
decrease LPS, sCD14, or IL-6

* In non-human primate studies,
probiotic (Visbiome) + prebiotic
(inulin) increased gut CD4 T cell
frequency and function

Slide Courtesy Netanya Utay, M.D.
Tenorio, JID, 2015; Sandler, JID, 2014; Klatt, J Clin Invest, 2013

200% difference
(-44, 2373%)
P=0.30

-77% difference
(-94, -4%)
P=0.04




Probiotic Clinical Trial In
Immunologic Non-Responders

* Nadir CD4 = 157/yL, SlHdobacterta
Current CD4 < 374/ul sooa) el cps el camage
» |ldoform Travel Probiotic g \
— Lactobacillus rhamnosus, 2
— Lactobacillus acidophilus,
— Bifidobacterium, " Dassline: Swprbiolics
— Lactobacillus bulgaricus, <core Alpha Diversity
— Streptococcus thermophilus ey R, a0 e
- Decreased IFA-BP, sCD14, LBP ™ % fw %
» Increased Bifidobacteria & I %E”
alpha diversity a 2"
S TR = Fo—— orobiotics

Slide Courtesy Netanya Utay, M.D. Meyer-Myklestad, CROI 2019



Thinking Outside
the Cognitive Box



Depression Influences Adherence, Disease
Progression, and Mortality

Betancur et al, Braz J Infect Dis 2017; 21(5):507-514
Arseniou et al, Psych Clinic Neurosci 2014; 68: 96—-109
Pence et al, JAMA Psychiatry 2018 75(4): 379-385



Depression and
Risky Sexual Behavior

Babowitch et al, Arch Sex Behav (2018) 47:2035-2040 UCSD TMARC Data, All Rights Reserved



Esketamine Trial Data

@ Placebo © Esketamine 56 mg
O Esketamine 28 mg Eskatamine 84 mg

MADRS: Montgomery—Asberg Depression Rating Scale

Singh et al, http://dx.doi.org/10.1016/j.biopsych.2015.10.018 Daly et al, JAMA Psychiatry. 2018;75(2):139-148



Drugs (2007) 77:381-401
DOT 101007 s40265-017-0702-8

REVIEW ARTICLE

Ketamine and Beyond: Investigations into the Potential
of Glutamatergic Agents to Treat Depression

Mare S. Lener' - Bashkim Kadriu® - Carlos A. Zarate Jr'



Comorbidities Inflammation
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