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Despite immune recovery in individuals on antiretroviral therapy, the
frequency of HIV associated cognitive disorders (HAND) remains high for
reasons that are not well understood.

HI\-associated neurodegeneration is driven by chronic inflammatory
responses in the brain secondary to:

a low level of HIV replication in CNS reservoir cells (macrophages,
microglia) and

Injury to the blood brain barrier (BBB) mediated by prdlammatory
factors in blood and migration of leukocytes across the BBB.

BBB injury andntrathecal immune activation identified early pest
Infection with elevated CSF neopterin, monocyte chemotactic protein/CCL
' YR A Y U-iSdNGEGAER 10/CXEL0 levels.

Treatment approaches targeting inflammation, tightening BBB and HIV
replication should be beneficial for amelioration of HAND.
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The BloodBrain Barrier (BBB):
A specialized endothelium with physical barrier and transport functions

Adapted from Abbott et al (2006) Nat ReNeurosci7: 41 &

4 =
Apl(.\] membrane
/ |
4 Cingulin, JACOP. PAR3/6, N P i
4 CASK, 7Hb, Itch, MUPP1, . ; Claudin3,5,12
7/ 71| MAGI1-3,ZONAB z%,\. [ Occludin s
/7 AFb, RGSS < r/ e Tight
/ \ \ () - junction|
4 203 TN e a4
—— ey &
4 —Basolateral
7/ membrane
{ —7 ~
/ (- - y-Catenin. HE pecam
\ VI Desmoplakin, {\dhe.rens
A \ /7 4 pl 7(Y": 70-1 junction
/7 Actin/vinculin-based
V4 cytoskelgton ...........
/ 5
Basal laming
/7 Interneuron Basal lamina .
. - - ~ Transport Functions
- - St
o - ——— = —— - Passive = ABC Solute Transcytosis ononuclear
J== e mmm=m—_-——T iffusi Tr le Carriers Receptor-mediated Cell
Tight ——— = diffusion ranspdrter i pto ia ell
- g _——— == Efflux SLC Adsorptive-mediated Migration
unction
c, ‘1 Astrocyte RMT AMT @
pillary o4 15 d; 43 H ek
'y " U
Pgp MRP|-5 1
~ BRCP 123 4 T
~
; ~ MRP{-5*
T M °Y
- - ~
- ~
S ~
~ -~ Lipid Lipid Glucose fransferrin Cationised albumin
~ ~ soluble soluble Amino acids Melanotransferrin Histone
-~ ~ non-polar non-polar Nucleosides Lipoproteins Avidin
~ lecul myloid TAT
~ -~ and Small peptides Glycosylated proteins SynB,
P -~ conjugates FFAs oG (Cell penetrating peptides)
J Y, ~ -~ Organic anions insulin
= o‘ ~ o Organic cations eptin
~ NFo
/ ~ EGF
oglia h\

= 7‘

Abbott et al (2010)Neurobiol Dis 37: 13.

[y AR

Lewis Katz School of Medicine



Tight junction disassembly l infitrafion:cf
- . Infected Monocyte -
‘ © 0. ® e

mfected Macro%age 0 e

Qf

Activated
< Astrocyte

>

¥ Activated
'7 Microglia

(P Injured Neuron [ damagel

TEMPLE

UNIVERSITY
Lewis Katz School of Medicine



BBB compromise in H¥Y encephalitis (HIVE): Tight junction (TJ) alterations regulated
by Rho/Rho kinase activation during monocyte infiltration in brain
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Diminishedpericytecoverage of BBB in Hlinfected patients paralleling macrophage/
microglia activation
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HIV-1 infected humanized NOD.Cg-Prkdcscidl12rgm!Wil /Sz], huNSG mice
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Polydrug abuse (including smoking, opioids/other drugs, alcohol use disorde
(AUD) presents significant but understudied problem, especially in patients
living with HIV (PLWH).

The high level of coincident tobacco use among intravenous drug abusers is
noted in literature.

A majority of heroin abusers are also tobacco smokers, and the smoking
lengthens the duration of heroin reinforcement.

Clinical data indicate that over 85% of methadau@ported patients use
tobacco products.

Smoking is 3} times more prevalent in PLWH and is considered major factor
In cognitive decline in this population.
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Peripheral blood T cell profile

in humanized mice exposed tc,,

smoke/morphine and infected & oo

with HIV

We observed a significant change

in circulating CD4 and CDS8 levels
following either smoke exposure,
chronic morphine administration, or
the combination of these insults with
HIV infection.

Cornwell et al Sci Rep 2020
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Expression of PD-1, perforin and

granzyme B in T cells

Neither smoke nor morphine exposure
altered the expression of the T cell
inhibitory receptor PD-1 in non-infected
animals.

In HIV-infected animals,

the expression of PD-1 by CD8+

T cells increased in the animals receiving
chronic morphine administration.
Smoke exposure alone, and the
combination of smoke and morphine,

failed to increase the expression of PD-1.

Exposure to either smoke or the
combination of smoke and morphine did
not exert a significant effect on either
perforin or granzyme B in CD8

T cells of uninfected animals.The
expression of perforin or granzyme B
was not altered by either smoke or the
combination of smoke and morphine in
CDS8T cells from HIV-infected animals.
The expression of perforin and granzyme
B by CD8T cells was significantly up-
regulated following morphine
administration by CD8T cells from HIV-
infected mice.

Cornwell et al Sci Rep 2020
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Human cytokine levels in animals exposed to either smoke or morphine in the
plasma of NSG mice (A—C). Human cytokine levels present in the plasma of smoke

and/or morphine- treated HIV-infected NSG mice (D-H).
A B

We analyzed the levels of 29
cytokines and other biomarkers,
and we found that only CCL13 was
significantly elevated following HIV
infection.

Exposure to smoke induced
elevated the level of TNF bnd
both smoke and the combination
of smoke and

chronic morphine ugregulated the
level of CCL22 in noanfected
animals.

The combination of smoke and
morphine administration induced a
significant reduction in the levels of
IL-14 H-4 and IE17A, while

neither smoke nor morphine alone
mediated the same inhibitory
effect.

Cornwell et al Sci Rep 2020
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A HIV ‘ _____ Uninfected
3
Microglial activation in HIV- 3 A
infected NSG mice exposed to 5 "
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Electronic cigarettese(cig) health effects are driven by effects on microvasculature
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During the last few years, electronic cigarettesdig)
have become very popular especially among
adolescent users.

E-cig serve as nicotine delivering devices that have
gained popularity due to a variety of flavors appealin
to young users, aggressive marketing, and perceivec
safety as compared to combustible tobacco

The health effects of-eig remain unknown and very
limited data indicate that they adversely affect immur
responses, cause systemic endothelial cell dysfunctic
and result in a pranflammatory phenotype in
macrophages /endothelial cells in the lung, leading tc
increased tissue injury during viral and bacterial
Infections

Increased amounts of cytokines, oxidative stress and
inflammatory cells (neutrophils, macrophages) were
found in lungs of chronically@g exposed animals

While being addictive -eig effects on the brain and
cognition are essentially unknown.

Our data indicate that ig disrupt BBB function and
increase macrophage accumulation in lungs, and
enhance neuroinflammation.
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Increased BBB permeability, impaired memory decreased Occludin and Glutl staining and
enhanced microglia reaction in brains of mice exposed to chronic e-cig vapor
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A
Chronic ecig exposure enhances leukocyte adhesion to brainsee .
endothelium in vivo upregulated piaflammatory genes in

brain endothelium
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Chronic e-cig exposure enhances leukocyte adhesion to brain endothelium in vivo
upregulated pro-inflammatory genes in brain endothelium
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E-cig conditioned media diminished barrier integrity, and caused tight junction
redistribution in e-cig exposed 3D models of BBB in vitro
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Effects of ecigarettes on BBB
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Why to study effects of alcohol abuse at blood brain barrier insetting of HIY
infection?

Combination of heavy drinking and HIV infection leads more significant cognitive
impairment and structural brain abnormalities

Effects of alcohol abuse on structural integrity of BBB could accelerate such
abnormalities

What are mechanisms of BBB injury by alcohol?
Altered permeability of BBB and enhanced effects of alcohol in brain

Protective strategies based on BBB shielding
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Effects of alcohol on transendothelial resistance, permeability and monocytes
migration across brain microvascular endothelial monolayers in vitro and BBB
permeability in vivo
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Alcohol effect on myosin light chain (MLC) and T phosphorylation/content in BMVEC
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Alcohol effects in WPBI-=NOD/SCID mouse model for HIVE

HIV-1 infectedhu MDM (day 0)
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TEMPLE Western blot
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immunoproteasomes in the spleen.



Neuro-inflammatory responses in alcoHeld huPBLENOD/SCID HIVE mice
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Inflammation as the cause of alcohol-induced neurodegeneration
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Chronic alcohol consumption is associated with increases i
serum proinflammatory cytokines

Monocytes isolated from the blood of alcoholics produce
greater amounts of TN& spontaneously and in response to

MCP-1 {pgimg of totalprotein)

O Control m Alcohol

il

endotoxin.

In the brains of chronic alcoholics microglial activation coincided
with enhanced CCL2 production.

In vivachronic EtOH administration followed by secondary pro
inflammatory stimulus (LPS) resulted in sustainedegplation
of cytokines (TN, CCL2, I:1b) in the brain for long period of
time.

Activation of brain microglia and increased brain expression of
COX-2 and gp91phox NOX subunit mMRNA were found in the
EtOH-pretreated LPS group.

Combined alcohol and LPS exposure inhibited neurogenesis.
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Agonists of cannabinoid receptor 2 (CB ,) possess potent anthflammatory properties and are
devoid of the psychoactive effects of CB1R stimulators.

CB, are found predominantly on immune cells. Gi#ere also detected in brain (microglia and
perivascular macrophages) aihéy are only detectable under in neuroinflammateonditions

CB2R agonists may decrease of immune cell activation, and diminished secretioanflgononatory
factors by lymphocytes, macrophages and microglia

Cannabinoids have been reported to inhibit chemokiméuced chemotaxis of various cell types
including neutrophils, lymphocytes, macrophages, monocytes and midviagilaanisms of anti
inflammatory effects mediated by C&tivation are not clear.

Anti-inflammatory properties of CBagonists may be related to thearctions on the endothelium

Synthetic CB agonists reduced TNEinduced activation of human coronary artery endothelial aalls
Vitro

CB, activation afforded neuroprotection in animal models of stroke, multiple sclerosis and Alzhsim
disease.

We propose that CB activation will attenuate neurodegeneration and BBB injury caused by-euro
infammation and HRY CNS infection via effects on monocytes, brain endothelium, activated micro
and HIV1 infected macrophages
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Up-regulation of CB, expression in microvessels and macrophages/microglia
in HIV-1 encephalitis (HIVE)

g7 TEMPLE

—— UNIVERSITY"

Persidsky et al. Brain, Behavior Immunity 2011



