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Aging is a key risk factor in many chronic diseases and PWH
have increased risk of many aging related comorbidities

Does HIV or its treatment with
ART accelerate these pillars of
aging in people with HIV?

Stem cells and
regeneration

If so, what are the mechanisms?

Proteostasis

The 7 pillars of Aging

Kennedy Cell 2014
THE OHIO STATE UNIVERSITY

WEXNER MEDICAL CENTER




PWH have increased coronary calcium scores and arterial ages
compared to a demographically similar group of people without HIV
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What are the underlying biological mechanisms that influence
inflammation and promote age-related comorbidities in PWH?

Copathogens

HIV replication

Altered lipid profiles
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Antiviral Therapy
Toxicities

Microbial
translocation
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Stem cell hematopoiesis may be altered by Inflammation

Physiology

s . . Stem Cells
Cardiacdisease disrupts and

thebone-marrow niche CHIP Figure regeneration

Tomer ltkin & Shahin Rafii

The production of blood cells, including some immune
cells, relies heavily on the bone-marrow microenvironment.
Cardiovascular diseases are now found to corrupt this niche,
leading toimbalances in blood-cell production.
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Trained immunity regulates innate immune responses to repeat
exposures to TLR ligands and may contribute to inflammatory conditions.

nature RESEARCH ARTICLE
mlcrObIOIOgy PUBLISHED: 19 DECEMBER 2016 | VOLUME: 2 | AQCEI]MEERLIEZQSG

IMMUNOGENETICS

Microbial stimulation of different Toll-like receptor Epigenetic programming of

signalling pat.hways induces diverse metabolic i e-to-macmpl o diffcrertiats
programmes in human monocytes 3. . . .
and trained innate immunity
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RESEARCH ARTICLE

Chronic HIV infection induces transcriptional
and functional reprogramming of innate
immune cells
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Effect of HIV infection and antiretroviral therapy
on immune cellular functions

Marek Korencak, ..., Brian K. Agan, Hendrik Streeck

JCl Insight. 2019;4(12):e126675. https://doi.org/10.1172/jci.insight.126675.
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Antiretroviral Therapy may alter immune cell function by
modulation of mitochondrial function, telomere length,
and oxidative stress.

Circulation

ORIGINAL RESEARCHARTICLE
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HIV and ART alter the concentration and composition
of lipid profiles

Diacylglycerol (DAG) species (i.e. DAG16:1/18:1) Triacylglycerol (TAG) species (i.e. TAG 54:3-FA16:1)

I Lysophosphatidylcholine (LPC) species (i.e. LPC 16:0) 1
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Phosphatidylcholine (PC) and Phosphatidylethanolamine (PE) species Scale Factor [ ] 2

Lipid species have been associated with CVD and diabetes
Stegemann et al Circulation 2014
Meikle et al ATVB 2011

e . Fernandez et al PlosOne 2013
* Red- lipids increased in PWH Wong et al PlosOne 2014

Blue- lipids decreased in PWH Haus et al Diabetes 2009
Toledo et al Am J Clin Nutr 2017
Razquin et al Diabetes Care 2018

» Traditional lipid measurements (TC, LDL) were not
dramatically different among HIV- and HIV+ groups

Belury et al Pathogens and Immunity 2017
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Circulation

ORIGINAL RESEARCHARTICIE

Elevated Plasma Ceramides Are

Associated With Antiretroviral Therapy
Use and Progression of Carotid Artery

Atherosclerosis in HIV Infection

BACKGROUND: Ceramides have been implicated in the pathophysiology
of HIV infection and cardiovascular disease. However, no study, to our
knowledge, has evaluated circulating ceramide levels in association with
subclinical cardiovascular disease risk among HIV-infected individuals.

METHODS: Plasma levels of 4 ceramide species (C16:0, C22:0, C24:0,
and C24:1) were measured among 398 women (73% HIV+) and 339
men (68% HIV+) without carotid artery plaques at baseline from the
Women'’s Interagency HIV Study and the Multicenter AIDS Cohort Study.
We examined associations between baseline plasma ceramides and risk
of carotid artery plague formation, assessed by repeated B-mode carotid
artery ultrasound imaging over a median 7-year follow-up.

RESULTS: Plasma levels of C16:0, C22:0, and C24:1 ceramides were
significantly higher in HIV-infected individuals compared with those
without HIV infection (all P<0.001), and further analysis indicated that
elevated ceramide levels were associated with antiretroviral therapy use,
particularly protease inhibitor use, in HIV-infected individuals (all P<0.001).
All 4 ceramides were highly correlated with each other (r=0.70-0.94; all
P<0.001) and significantly correlated with total-cholesterol (r=0.42-0.58; all
P<0.001) and low-density lipoprotein cholesterol (r=0.24-0.42; all P<0.001)
levels. Of note, C16:0 and C24:1 ceramides, rather than C22:0 and C24:0
ceramides, were more closely correlated with specific monocyte activation
and inflammation markers (eg, r=0.30 between C16:0 ceramide and
soluble CD14; P<0.001) and surface markers of CD4* T-cell activation. A
total of 112 participants developed carotid artery plagues over 7 years, and
higher levels of C16:0 and C24:1 ceramides were significantly associated
with increased risk of carotid artery plaques (relative risk [95% Cl]=1.55
[1.29, 1.86] and 1.51 [1.26, 1.82] per standard deviation increment,
respectively; both P<0.001), after adjusting for demographic and behavioral
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Ceramides Quartiles RR (95% ClI)
C16:0 Q1 Ref.
Q2 1.32(0.65 - 2.68)
Q3 1.67 (0.81 - 3.43)
Q4 2.36(1.03 - 5.38)
C22:0 Q1 Ref.
Q2 0.93 (0.46 - 1.85)
Q3 0.85(0.41 - 1.76)
Q4 0.80 (0.34 - 1.86)
C24:0 Q1 Ref.
Q2 1.36 (0.68 - 2.74)
Q3 0.91(0.41 - 2.00)
Q4 0.80 (0.32 - 1.99)
c24:1 Q1 Ref.
Q2 1.53(0.77 - 3.01)
Q3 1.58 (0.76 - 3.25)
Q4 1.99 (0.97 - 4.09)
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Ceramides can contribute to inflammation, mitochondrial
dysfunction, and insulin resistance.
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Statin treatment decreases monocyte activation and inflammation in PWH.

SATURN HIV Study
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Statin treatment decreases monocyte activation, inflammation, and
ceramide levels in PWH.

SATURN HIV Study
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Monocyte derived macrophage (MDM) are a model for tissue/plaque
macrophages and are activated by their environment.
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MDMs grown in Pooled Serum from statin users have alterations
INn gene expression.
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Statin therapy may reduce CVD events in PWH and improve “biological age?”

Table 3. Comparison of Demographic and Clinical Parameters by Presence of Plaque (continued)

Participants, No./total No. (%)

Coronary plaque

All participants None Present
Parameter (n =755) (n=387) (n = 368)
Inflammation and immune activation biomarkers, median (IQR)
Insulin, plU/mL 6.7 (4.5-11.7) 6.7 (4.4-11.7) 6.8 (4.7-11.8)

sCD14, ng/mL
sCD163, ng/mL
MCP-1, pg/mL
IL-6, pg/mL
LpPLA2, ng/mL
oxLDL, mU/L
hsCRP, mg/dL
hsCRP categories

Lower risk, <0.10

Average risk, 0.10-0.30
Higher risk, 0.31-1.00
Highest risk, >1.00

1817 (1527-2184)
842 (625-1089)
185 (146-242)
1.58 (0.99-2.79)
130(92-168)

53.1 (41.9-69.9)
0.18 (0.08-0.36)

219/742 (29.5)
301/742 (40.6)
161/742 (21.7)
61/742 (8.2)

1838 (1549-2188)
839 (615-1107)
180(139-229)
1.45(0.96-2.60)
120 (85-157)
50.4 (40.4-64.2)
0.16 (0.08-0.34)

121/380 (31.8)
155/380 (40.8)
80/380 (21.1)
24/380 (6.3)

1786 (1468-2176)
842 (628-1087)
194 (155-252)
1.71(1.05-3.04)
136 (103-177)
56.6 (45.0-73.3)
0.19(0.08-0.40)

98/362 (27.1)
146/362 (40.3)
81/362 (22.4)
37/362 (10.2)

.18
.67
<.001
.008
<.001
<.001
.10
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Randomized Trial to Prevent Vascular Events in HIV

Hoffman et al JAMA Open Network 2021




Frailty and functional impairments are also associated with aging
and inflammation
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Muscle quality is related to inflammation in PWH

Poorer Muscle Quality and Quantity With ART Initiation Is Protein
Associated With Greater Inflammation and Immune .
Activation homeostasis

Arianna Kousari, MD,% Carlee Moser, PhD,” Maxine Olefsky, MS,” Todd T. Brown, MD, PhD,*
Judith S. Currier, MD," Grace A. McComsey, MD,* Ann Scherzinger, PhD; James H. Stein, MD,?
Jordan E. Lake, MD, MSec," and Kristine M. Erlandson, MD, MS*

Kousari et al | Acquir Immune Defic Syndr ¢ Volume 88, Number 4, December 1, 2021

A: Week 0 B: Week 96 C: Change 10

Psoas Density (HU) 4-0.26* -0.11 -0.03 -0.15* -0.11 0 -0.24* -0.28* -0.03 -0.12 -0.04 0.02 |-0.14* -0.05 -0.08 -0.07 -0.03 0.05

Psoas Lean Density (HU) {-0.23* 0.1 -0.05 -0.13 -0.09 0.03 [-0.22* -0.24* -004 -0.07 -0.05 006 |[-0.11 -0.01 -006 -008 -0.11 003

Psoas Area (cm?) 4-0.29 -0.1 -0.3* -0.18* -0.21* -0.11 | -0.05 -0.09 -0.12 -0.03 -0.03 -0.05|-0.12 -0.01 -0.14* -0.16* -0.14* 0.12

°
s
Spearman's Correlation

Psoas Lean Area (cm?) 4 -0.3* -0.13* -0.26* -0.18* -0.19* -0.09 | -0.1 -0.15* -0.09 -0.07 -0.03 -0.04 |-0.17* -0.04 -0.18* -0.15* -0.11 0.17*

T T T T T i T T T T T T T T T T T T 10
% %, S R 2 o Vi 4, § 5 2 2 Vi %, Ky Ky 2 2
e @ D, O, Y, “s &Q‘P Q, R, T “ % Q, 0, ",
£ CER <?~O 72 £ ) S d-"o o (4 O 6?»0
3, %0, 2, 3, &,
e"& %, % %, % &x&
‘g, 1 ‘G, ‘g, T
A B A B A

|IL-6 may modulate protein homeostasis
- STAT3 and ubiquitin proteasome activation

-mTOR inhibition and decreased protein synthesis
|




IL-6 receptor blockade with Tocilizumab (TCZ) in people with HIV
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Participants were HIV+, aged 18-60 with suppressed viremia on stable ART, CD4+ T
cells between 350 and 1,000, and no active major comorbidities

Intervention: IV Tocilizumab, 4 mg/Kg X 1 then 8 mg/Kg x 2 every 4 weeks or
matching placebo




Tocilizumab (TCZ) treatment in PWH reduces markers of inflammation and
iImmune activation that are associated with morbidity and mortality
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IL-6 blockade with TCZ in PWH reduces markers of inflammation and immune
activation, but also increases the concentration of multiple lipid species

Activity Est. effect m

sCD14 -312 ng/mL <0.001
sCD40L -466 pg/mL <0.001
sTNFR1 -106 pg/mL 0.002
D-dimer -47 ng/mL <0.001
sTNFR2 -168 pg/mL 0.04
sCD163 61 ng/mL 0.06
IP10 14 pg/mL 0.13
IL-22 -0.44 pg/mL 0.83
I-FABP 171 pg/mL 0.48
Zonulin -1.33 ng/mL 0.33
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IL-6 blockade with TCZ in PWH reduces markers of inflammation and immune
activation, but also increases the concentration of multiple lipids
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What are the underlying biological mechanisms that influence
inflammation and promote age-related comorbidities in PWH?

Copathogens

HIV replication

Altered lipid profiles
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