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Hallmarks of Brain Aging

Stem cell
exhaustion

Mattson & Arumugam, Cell Metabolism, 2018, https://doi.org/10.1016/j.cmet.2018.05.011



HIV May Accelerate White Matter Injury
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HIV May Accelerate Subcortical Gray Matter
Changes, Gliosis, and Neuronal Injury
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Longitudinal Evidence Supports
Differential Vulnerability of Brain Regions

Frontal Cortex
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Baseline cerebral blood flow

Some Imaging Studies Have Not
Found Evidence of Premature Aging

WM Hyperintensities
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HIV May Cause Premature Cognitive Decline
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Greater Influence on Mortality
of Depression in PWH
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Overlap Between Cognition and Depression
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GDS: Geriatric Depression Scale

Outcome?®

Effect Estimate (95% CI)

Per 25% Increase
in % of Days With
Depression

Comparing Those
Always Depressed
With Those Never
Depressed

All-cause mortality,
hazard ratio®

Risk of missing a scheduled
appointment, risk ratio®

Risk of having an unsuppressed
viral load, risk ratio®

1.19 (1.05-1.36)
1.08 (1.05-1.11)

1.05 (1.01-1.09)

2.02 (1.20-3.42)
1.37 (1.22-1.53)

1.23 (1.06-1.43)

Arseniou et al, Psych Clinic Neurosci 2014; 68: 96—109



Some Cognitive Studies Have Not
Found Evidence of Premature Aging
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Correlates of Cognitive SuperAging in PWH

Predictor
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Successful Aging in 36% of the General
Population: May be Lower in PWH
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CSF NFL (nglL)

Older Age is Associated with Higher
Concentrations of Many Biomarkers in PWH
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Global Deficit Score

Worse ——

Aging Alters Associations Between
Some Biomarkers and Cognition
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Statistic p (after EDI control)
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Oliveira et al, Sci Rep, 2015;
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T/S Ratio
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Evidence of Premature Brain Aging
by the Epigenetic Clock Method
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Brain-PAD (years)

Imaging-Based Brain-Predicted Age
is Older in PWH
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Standardized drug concentration

Older Age May Alter Drug Metabolism and
into the CNS
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Animal Models Support That ART Concentra-
tions in Brain Are Much Higher Than in CSF
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In Vitro Evidence of ART Toxicity
in Neuronal Cell Culture
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ART Toxicity in Other Glial Cells
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Evidence of Clinical Neurotoxicity
Has Been Accumulating

Efavirenz is Associated with HAND

Odds P Value
Ratio

Age (per 10 years) 0.83 0.29
Education (per 1 year) 0.85 0.002
Non-Italian Born 3.5 0.056
Efavirenz use 4.0 0.008

Ciccarelli et al, Neurology 2011, 76: 1403
Pls are Associated with Carotid Thickening and Cerebral Small Vessel Disease
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LaBounty et al, HIV Medicine 2016, 17(7):516-23  Soontornniyomkij et al, AIDS 2014, 28:1297-1306



Dolutegravir, NP AEs, & Discontinuation
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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

1 Autophagy

1 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
1 Amyloid-8 production
| Mitochondrial DNA in cortical neurons
1 Amyloid- production
1 Amyloid- production

1 Amyloid-8 production

| Myelin basic protein, | galactocerebroside in
oligodendrocytes

1 Oxidative stress, 1 ER stress,

1 IL-6 and TNF-a in macrophages

| Tight junction proteins, | synaptic proteins,

1 TNF-q, IL-6 and IL-13

T Oxidative stress, | MAP-2, | synaptophysin

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



Amyloid-B (% Control)

Amyloid-B8, Microglial Cell-Associated

ART Drugs Can Increase Amyloid-f3
& Reduce Microglial Phagocytosis
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Amyloid and Phospho-Tau Neuropathology

May be Influenced by Antiretrovirals
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Tenofovir use prior to death
associated with lower odds of
amyloid B plaque deposition
(OR 0.13, p=0.012)

Darunavir use prior to death
associated with higher odds of
phopho-tau deposition in neurons
(OR 15.3, p=0.0005)

Ritonavir use prior to death
associated with higher odds of
microgliosis

(OR 4.96, p=0.023)

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



APOE ¢4 is Associated with Cognitive
Decline in Men with HIV in MACS
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Mukerji et al, Clinical Infectious Diseases 2016;63(8):1130-9



Number of people

Risks of Polypharmacy in Aging PWH
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**(Red): p <0.01, * (Yellow): p < 0.05, - (Green): p > 0.10, statistical significance

Ma, et al CROI 2019, Abstract 437



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

Amphetamines
Antianxiety
Anticholinergics
Anticonvulsant
Antidepressants
Antihistamines
Antipsychotics
Beta-blockers
Gastrointestinal
Muscle Relaxants
Opioids

=== p>0.05

No. Observations (%) Odds Ratio OR (95%Cl)  p-value
78 (0.6) - 0.8(0.3,22) 066
3706 (29.8) 14(12,1.7)  0.0004
676 (5.4) —— 12(09,1.7) 029
1274 (10.3) —— 1(0.7,12) 0.74
6231 (50.2) 16(14,1.8)  <.0001
2053 (16.5) 1.4(1.2,1.7)  0.0004
2074 (16.7) —_— 0.9(08,1.1) 052
1004 (8.1) —— 1.3(0.9,1.9) 0.17
807 (6.5) 1.8(1.3,25)  0.0009
718 (5.8) —— 09(07,12) 035
3420 (27.5) 1.4(1.1,1.6)  0.0003

0.0 05 10 15 2.0 25
p<0.05 HIV- more likely HIV+ more likely

NC-Ir\ﬁ ﬁl(zf/E)rvations Odds Ratio OR (95%Cl) p-value
0
HIV+ 12422/29800 (41.7) ‘\ —— 1.5(1.4,1.7) <.0001
Third-Party Health Payer ~ 14332/35435 (40.4) | —— 1.5(1.4,1.7) <0001
Annual Income >$12,000 5902/18977 (31.1) ‘\ 0.8 (0.8,0.9) <.0001
Homeless 525/950 (55.3) i—I— 1.1(1,1.3) 0.062
Completed High School 10168/26881 (37.8) - 0.9(0.8,1.1) 025
Depressive Symptoms 6825/12835 (53.2) | - 1.3(1.2,1.3) <.0001
Injection RDU 324/601 (53.9) —— 1(0.8,1.3) 091
Non-injection RDU 4082/8573 (47.6) |-I- 1.1(1,1.2) 0.0036
Abstain 8607/21482 (40.1) \ Reference NA
0-7 drinks/wk 4664/13288 (35.1) ] 09(09,1) 00015
7-12 drinks/wk 589/1601 (36.8) o=| 0.9(0.8,1) 0.034
>12 drinks/wk 1138/2738 (41.6) -ﬂ- 1(09,1.1) 037
Clinical AIDS 6269/11956 (52.4) | el 17(15,2) <0001
05 10 15 20
4 p>0.05

= p<0.05, NC-AE more likely
p<0.05, NC-AE less likely

NC-AE use less likely NC-AE use more likely
n/N : number of NC-AE med use visits/total predictor visits
OR: odds ratio, adjusted for HIV+ status except for “HIV+” and “Clinical AIDS”
RDU: recreational drug use
Clinical AIDS: any visit at or subsequent to AIDS-defining illness diagnosis

-

N

NP-AE Drug Use and ART
Outcome OR (95% Cl) p-value
CART use 1.46 (1.35-1.57) <0.0001
CART adherence 1.03 (0.95-1.12) 0.45
C RO I Undectable viral load 1.12 (1.05-1.19) 0.0008

Conference on Retroviruses
and Opportunistic Infections

Radtke, et al. CROI 2018, Abstract 401



Multiple Mechanisms May Contribute
to Neurotoxicity of Drugs with Aging

“Direct” Neurotoxicity

Neuronal Mitochondrial Neuronal Autophagy Neuronal Amyloid Glial Endothelial
Alterations Alterations & pTau Accumulation Dysfunction Dysfunction

Altered Pharmacokinetics with Aging

Altered BBB
Permeability
Permeability Function Function xpression & Function & DDIs

Vascular
Disease
“Indirect” Neurotoxicity
Microbial Inflammatio Oxidative Insulin Lipid Coagulation
Translocation n fon Stress Resistance Abnormalities Imbalance

[ Altered Gut ] [ Reduced Hepatic ] [ Reduced Renal ] [ Altered Transporter ] [ Polypharmacy ]
E




Brain Insulin Resistance

Worsens with Age

Cognition

Obesity/
Type 2
Diabetes

Dementia/
Alzheimer's
Disease

Maternal
influence

Metabolism

Kullmann et al, Physiol Rev
2016, 96: 1169—-1209

2-4-1-9-5-8-3
Moon-Night

Intranasal insulin

Intranasal/CNS Insulin enhances
declarative (e.g. word palrs) and
working memory (e.g. number
sequences) learning [23;58;59].

Intranasal
insulin

Insulin reaches the brain via
receptor-mediated saturable
transport across the blood-

braln-bnrmr [9;10].

CNS Insulin Inhibits

via vagal efferences
[14;110].

hepatic gluconeogenesis

F

CNS Insulin increases
pancreatic insulin secretion
(feed-forward loop [87;88].)

K

Systemic Insulin
=) inhibits gluco-

neoge
hepatic Insulin
receptors [82;83].

\m>

X ¥

/O

stimulates lipogenesis
[77;78].

\

Ott et al, Diabetes, Obesity and Metabolism

Systemic insulin

via | \ inhibts Ipolysls and |_—Y

stimulates
lipogenesis [75;76)].

2012, 14: 214-221

: Lfood Imaloo”:Ns In:mth
CNS Insulin, like and enhances
systemic insulin, | the enesis
Inhlhhs lipolysls and [21;23;80].

Adipocytes




CMV is Associated with
Worse Neurocognitive Performance
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Gianella & Letendre, J Infect Dis 2016
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Letendre, et al, Clin Infect Dis. 2018;67(5):770-777
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Possible Interventions for Premature Brain Aging

* Modify Medications » Metabolic-focused
. “Lifestyle” modification * Pitavastatin
« Exercise * Metformin -
- Weight loss « Tesamorelin -. >
 Smoking Cessation * Intranasal insulin
 Moderate Alcohol Use - Neuroprotective o
« Microbial-focused * Intranasal IGF-1
- Microbiome Alteration * Cannabidiol
[- Letermovir (CMV)] - Senotherapeutics
« Anti-inflammatory « Dasatinib + quercetin
« Corticosteroids * Bcl2 family inhibitors
» Psychiatric « FOXO4 peptide craphie Czucﬂs?/f);aogi 5/t:ar:gg)

» Antidepressants



Acknowledgements

UC San Diego

= |gor Grant

Robert Heaton
Allen McCutchan
Ronald J. Ellis
David Moore
Mariana Cherner
Cristian Achim

V. Soontorniyomkij

N

Constance Bensorm

Robert Schooley
Sara Gianella
Sanjay Mehta
Davey Smith
Chris Fennema
Debra Cookson

Study Volunteers

ANIH ~

/ CHARTER/NNTC

» Todd Hulgan
Asha Kallianpur
David Clifford
Beau Ances
Justin McArthur
Ned Sacktor

A

Melanie Crescini
Michael Potter /

Ann Collier
Christina Marra
Susan Morgello
David Simpson
Ben Gelman

Howard Fox /

...Mental Health

...Drug Abuse

...Aging

...Allergy and
Infectious Diseases Y,

Trainees N

\_

Jenny ludicello
Qing Ma (Buffalo)
Bert Anderson (Emory)
Kemi Okwuegbuna
Josue Perez Santiago
Micol Ferrara

/




gasis lll""““l”i“lﬁnl QBIHA i.Im
,,.umlllllllﬁiilllli Illlliii!“lm |Illli

|m||||||||||lll S AR RN D ||||..
b, UIEEERIA RN RN 0 o

AR | TP
\ -~ W -

\




