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Overview

= Update on the most recent literature surrounding EVs
from virally infected cells (“Damaging EVs”)

= Generation and infection of iPSC-derived
neurospheres

= Effect of stem cell EVs (“Reparative EVs”) on HIV-1
infected neurospheres

= Summary

Neural progenitor cell-derived neurosphere
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Meeting of the American Society for Intercellular Communication
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It gives us great pleasure to annouce the 1% meeting of the American Society for Intercellular Communication (ASIC)

The meeting will be held on October 21%* - October 23™ 2021.

The meeting is organized by a group of investigators seeking to create a platform for informal exchange of ideas on emerging questions and cutting-edge developments in the
field of Extracellular Vesicles (EVs), Extracellular Particles (EPs), and particulate carriers of extracellular RNA (exRNA) as biological mediators, regulators and diagnostic analytes.
Our program of relatively short talks (15 and 30 minutes) encourage discussions that can take place after each scientific talk, where the audience and attendees can debate the

concepts presented to foster a dynamic scientific exchange.

We invite you to join us for a 3-day meeting (Thursday afternoon, all day Friday and Saturday until noon; October 215 — October 23™) at the Bolger Center in Potomac,
Maryland. The program will include the functions of EVs, EPs, exRNA in cancer, CNS diseases, infections (both bacterial and viral), the mechanistic basis for their biogenesis and
activities, and technological and diagnostic advances in the field. In the interest of everyone's health and safety, vaccines are required to attend this meeting in person. We will

also be following CDC guidelines for this meeting.
Late Breaking Abstracts are due by September 30, 2021

Late Breaking Registration: September 30, 2021 @
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EVs from latent cells
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Epidemiology
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Table 1. Baseline Characteristics Among 190 Study Subjects A 20 A zuﬁ/ i HIV-1 RNA in Human Brain Regions
o :‘5215—!.: %21 fee
Characteristic Value <3 |* 43
FiH . £
Age, yoars 51 (44-57) §'§5 “ . L . 8% 8 -
Male sex, % of patients az ;"’ 51 .:E L §U 5\ T .
CD4* T-cell count, cells/mm® 523 (249-728) : : : . ) " Z * ¢
: 0 50 100 150 H H 3 H *
T cells exprassing CO4, % 3 —— Ptasma HIV ANA lavl Log g cell-associated HIV RNA level * * + *
CD8* T-cell count, cellsfmm 844 (B506-1185) (copies/mL) (8/Co per million CD4* T calls) 3 % - o
T cells exprassing CDB, % 48 (3757 B [homo6 Pa g7 ] L - : : * 5
Nadir CD4* T-cell count, cells/mm? 113 (20-227) . . . — . o * 1
Duration of HAART suppression, months 31 (14-566) .. & u 157 e ':' * ‘;‘ E * -+ s -!-
Agent included in HAART, no. of patients . . ; g o z . * ; &
Prateasa inhibitar 124 ﬁ:&) 3 * 3 * -
o 5, *
L . I 50 100 150 * " o 5 q 3
Raltegravir 14 Plas[ma I-|IV"F":.,A level v . T FC Fc-4 FC6 BG Caud Puta OGP SN CSF
Maraviroe 1 coplesm L iral DNA level . n : ; 3
Enfuvirtide a3 Figure 1._ No a_ssocialinns between ultrasensitive _ulas_ma human im- (copi:i‘:e?rr:;:::n CDll"‘eTecells] Flgure 1 HIV—l RNA load (leglﬂ COP]‘eS/g tlSSHe] mn BaCh I'engIl Of
virus (HNV) ANA levels and T-cell activation. Utrasensi- HIV-1+ individuals is presented in a scatter plot. The horizontal
tive plasma HIV RNA levels were measured using the COBAS AmpliPrep/ Figure 2. Cell-based measures of viral persistence are modestly asso- N s . s .
COBAS TagMan HIV-1 tes, versian 2.0. All Pyalugs are »40. tinted with immone ectivation bars represent the median value in each region. Viral load val-

ues were higher in caudate nucleus compared to that in the other
regions (FC-4, FC-6, BG, putamen, globus pallidus, SN), and the
lowest values were found in FC and CSF.

A) Hatano/Deeks et. al., JID. 2013 @
5 B) Kumar et. al., J Neurovirol. 2007 ATCC



CNS Viral Infections

Meninges: CPfependyma:

[HIV]JEV, MuV; HEV, MV, VZV, HEV. MuV, CMV.[HIV]
EBV, HPeV, and CHIKY VZV, NPEV, HPeV, and CHIKV

White maltes: Cercbral corex:
[HIY emV. Jev. [EV, HSV-1,[HTV]
CHIKYV, and HHV6 MV, WNV, CMV,
and TBEV
Thalamus:
HHV6

WNV, RV, and

EEEV
Cerebellum:
Brain stem/spinal cord:
HIV]VZV. EBV, PV, WNY, NPEV and WNV
RV, and EEEV

Dahm et al. Mediators Inflamm. 2016.



HIV-1 and HAND

HIV-associated neurocognitive disorders (HAND) are comprised of
a range of neurological dysfunctions which are commonly
associated with HIV-1 infection.

Despite cART, HAND still persists in HIV-1 patients (>50%).

Exosomes secreted from HIV-1 infected cells under cART can
damage CNS cells (damaging exosomes).

- Damaging exosomes contain viral non-coding RNA (TAR) and
other viral proteins (Tat, Nef, Env) that cause neuroinflammation.

Damaging exosomes have also been isolated from 6 other CNS
tropic viral infections including HTLV-1, Zika, RVFV, Ebola, HSV-1,
and HHV-6A.

HIV-1 budding (in green) from cultured lymphocyte. Credit: C Goldsmith, P Feorino, g
EL Palmer, WR McManus, Centers for Disease Control and Prevention (CDC) ATCC



HIV-1 and HAND

A) Gardner State of Engagement in HIV Care: USA B)
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HIV-associated dementia (HAD), asymptomatic
neurocognitive impairment (ANI), and mild
neurocognitive disorder (ANI); from Justin McArthur at
Hopkins
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No FDA-approved transcription inhibitors
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30 FDA-Approved antiretroviral drugs

Saquinavir  Indinavir  Emtricitabine

Stavudine Ritonavir Amprenavir Enfuvirtide (T-20) Maraviroc

Zidovudine Didanosine Nelfinavir / Tenofovir Darunavir |Etravirine

- \

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

>

Lamivudine |Delavirdine | Abacavir | Atazanavir| Tipranavir

NRTIs (8)
NNRTIs (4) Zalcitabine Nevirapine Efavirenz Fosamprenavir
Protease Inhibitors (10)
Fusion Inhibitor (1)

. ‘ ‘ Lopinavir + Ritonavir
Entry Inhibitor (1)
Combinations (5) - not shown @

Palmisano L and Vella S, Ann Ist Super Sanita. 2011 ATCCD



TAR RNA is present in culture supernatants of HIV-1 infected cells
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TAR RNA (short franscripts)
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= More than 70 papers from late 80s to present
= Detected in vitro, in vivo and latent patient cells
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Sequence alignment of exosomal RNA using Integrated Genomics Viewer
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atgggtecgagagegteagtattaagegggggagaattagatcgatgggaaaaaatteg
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Barclay et al., J Biol Chem. 2017.
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Membrane vesicles as conveyors of iImmune responses

gp120
Docking
Glycoprotein
Lipid
a1 Membrane
gp

Transmembrane
Glycoprotein

Lipid rafts

_-' Actin

KCytoskeleton

Membrane trafficking

Metabolism

“MFGES)

Enzymes: "GAPDH,

phosphoglycerate kinase |
and peroxinedoxin |

and ADP ribosylation factor

\ *Tubulin Exosome
Cofilin 1”
‘Myosin ) (*ERM proteins)

P i
(*Rab proteins )

Rho GDIS) _——

~ " ((*Annexing)
(RAP12) s

Histone 2, histone 4,
complement factor MVF,
ferritin and atypically
secreted proteins

*pyruvate kinase, a-enolase,

Protein synthesis: *EEF1AL EEF2 |

Adhesion
( .Inrr-gr |n-.: y molecules
(*Tetraspaning)

@
@Clathei MVB formation
D
|/';M"|‘;'|C '.‘LB‘.;'F‘T-‘_'
o r— T cell-stimulating
. molecules
;_{uqllc class i

€01

5

Transmembrane
molecules

MNature Reviews | Immunology]

16

Thery et al., Nat Rev Immunol. 2009.
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Antiretroviral Drugs Alter the
Content of Extracellular Vesicles
from HIV-1-Infected Cells

Catherine DeMarino?, Michelle L. Pleet?, Maria Cowen', Robert A. Barclay?, Yao Akpamagbo?,
James Erickson?, Nicaise Ndembi?, Manhattan Charurat?, Jibreel Jumare?, Sunday BwalaZ,
Peter Alabi*, Max Hogan®, Archana Gupta®, Nicole Noren Hooten (35, Michele K. Evanss,
Benjamin Lepene’, Weidong Zhou®, Massimo Caputi®, Fabio Romerio?, Walter Royal 3rd'?,
Nazira El-Hage!!, Lance A. Liotta® & Fatah Kashanchi?

To date, the most effective treatment of HIV-1 is a combination antiretroviral therapy (cART), which
reduces viral replication and reverses pathology. We investigated the effect of cART (RT and protease
inhibitors) on the content of extracellular vesicles (EVs) released from HIV-1-infected cells. We have
previously shown that EVs contain non-coding HIV-1 RMA, which can elicit responses in recipient
cells. In this manuscript, we show that TAR RNA levels demonstrate little change with the addition

of cART treatment in cell lines, primary macrophages, and patient biofluids. We determined possible
mechanisms involved in the selective packaging of HIV-1 RNA into EVs, specifically an increase in EV-
associated hnRNP A2/B1. More recent experiments have shown that several other FDA-approved drugs
have the ability to alter the content of exosomes released from HIV-1-infected cells. These findings
on cART-altered EV content can also be applied to general viral inhibitors (interferons) which are used
to treat other chronic infections. Additionally, we describe unique mechanisms of ESCRT pathway
manipulation by antivirals, specifically the targeting of VP54. Collectively, these data imply that,
despite antiretroviral therapy, EVs containing viral products are continually released and may cause
neurocognitive and immunological dysfunction.



Isolation of EVs away from virus
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HIV life cycle
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Copyright © McGraw-Hill Education. All rights reserved.

Co-receptor
(GCRS or CXGR

E The virus matures
after protease
cleaves long

precursor proteins

¥ HIV RNA, reverse

transcriptase, integrase,
and other viral proteins
enter the host cell.

inding and
fusion to the

Preintegration
complex

Host Cell

Viral DNA is
formed by reverse
transcription.

. & Viral RNA
Reverse
transcriptase

" Viral DNAis
transported across the
nucleus and integrates
to the host DNA.

R Integrase
Ww “CViral DNA

—Host DNA

viral RNA

¥ New viral R
used as genomi A
and to make viral
proteins.

¥ New viral RNA €
and proteins move to
the cell surface and
an immature virion
begins to form.

ATCC



Question: Which particles are released first from infected cells-
EVs or Viruses ¢
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Question: Which particles are released first from infected cells-
EVs or Viruses ¢
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Experimental procedure
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Day0

Day3

Day4

— _t— 1

SeedJ1.1cells
(108 cells/mL)
in1% FBS, add
CART

Treat with
20% FBS, PHA
andIL-2 or
CD3/CD28
beads

Process cells for

downstream qPCR
for TAR, TAR-Gag
and genomic RNA

Harvest cell suspensions
from different time
points: Oh, 3h, 6h, 12h,
24h. Separate cells from
supernatant.

Incubate
supernatants with
NT80/82/86 beads
to catch virions and
exosomes. Proceed
with WB for
exosome markers,
p24 and Actin
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Particle release over time
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Virus rescue assay
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Answer: EVs come out of infected cells first and then a mixture of
both EVs and viruses at a later time
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Human T-lymphotropic virus type 1 (HTLV-1)

Epidemiology

= Approximately 5-10 million patients worldwide infected with HTLV-1.

= The true figure is greater as many cases are unreported from highly populated regions, such as
China, India, Northwest Africa (i.e., the Arab Maghreb), and East Africa.

= |tis estimated that the actual global prevalence may be as high as 20 million worldwide.

6% of the entire
population

34

millions in
Africa

r

Up to 6%

,s ) of pregnant women

Robert R. McKendall. Handbook of Clinical Neurology. 2014.

40% of adults
indigenous
Australian
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A) VIRION

"o

B) HTLV-1 Genome Structure
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Higuchi and Fujii, Retrovirology. 2009.



HTLV-1 overview

36

Mode of HTLV-1 573 10Million | ‘asymptomatic
Transmission ‘

— | HTLv-1*

M\ e

5%

| Inflammatory
Diseases

A) Bronchiectasis

Oliveira PD et al., Rev Assoc Médica Bras. 2016.
Kamoi K., Frontiers in Microbiology. 2020.

Bravo FG., Sem Diagnostic Pathol. 2020.
Chiong et al., IDCases, 19, e00714.
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Inhibition of ICAM-1 and CD45 via small interfering RNA prevents
cell-to-cell contact
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Anfibodies against specific cellular surface receptors inhibit cell-
to-cell contact
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Proteomic analysis of the 2k, 10k, and 100k showed that HTLV-1
EVs carry viral/host proteins
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A) B)
. viProws
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Pinto et al., Retrovirology. 2021.
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2k & 10k HTLV-1 EVs contain highest amount of viral/host proteins
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HTLV-1 EVs contain CD45, ICAM-1 and LFA-1 may contribute to
enhance cell-to-cell contact
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2K & 167K (16 hr) HTLV-1 EV uptake occurs before other EV
subpopulations by the same cells

42
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Inhibition of micropinocytosis attenuates 10K and 100K EV
iInfernalization and decrease cell viability in HUT102 cells
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f i }
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Inhibition of receptor-mediated endocytosis attenuates EV

iInfernalization and decrease cell viability in HUT102 cells
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Overview
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Generation and infection of iPSC-derived
neurospheres

Effect of stem cell EVs ("“Reparative EVs”) on HIV-1
infected neurospheres

ATCC



Background
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Epidemiology

= HIV-associated neurocognitive disorders (HAND) are
commonly associated with HIV-1 infection

= Despite combination antiretroviral therapy (cCART) HAND
persists in HIV-1 patients (>50%)

Significance

= There is an unmet need to develop novel platforms for CNS
disease modeling and therapeutic intervention

= EVs from stem cells have demonstrated reparative
properties in a wide range of pathologies, including those
related to the CNS
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Generation of neurospheres
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Infection of neurospheres

a)
Uninfected: + - -
HIV-1 (89.6) - v+
cART:
55 kDa —» E | «—Pr55
24 kDa —» [ N —p2s
30 kDa —» E ' «— Nef
42 kDa —» —-| <— Actin
1 2 3
c)
Uninfected : + - - -
HIV-1 (89.6): - + - -
HIV-1 (JR-CSF): - - + -
HIV-1 (CHO40) - - - +
24 kDa —» e - ———

42 KDa —0 | — — — —

b)

«—p24

«— Actin




50

HIV-1 fropism
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Infection of neurospheres (+ cytokines)

a) b) - TAR
Uninfected: + - - + 1.5%100- e
M-CSF, IL-34, TGFB-1. +  + + o+ . —_
HIV-1 (B9.8). - + + - 2
CARTL._ - - ___* ¢ E 1o
o [ %
55kDa—| | «—Pr55 H
: g 5107~
HIV.1: - + +
24 kDa—» <+ p24 s ﬁf - -
TGFpA: + + *
40 kDa— «+— Nef
c)
30 kDa—» +— Nef Integrated HIV-1 DNA Unintegrated HIV-1 DNA
17 kDa—» “—IBA-1 \mwm

170 kDa—=| | |+ CD11b
- — e 4 HI-1
— Morcegiere 4 HIV-1 4 cART

— Pemifive contral

220 kDa—» +—CD45

116 kDa—»| | - - | | —PARP1

24kDa —» | | +—PARP-1 (cleaved)
26 kDa —» [0 «BAD

dzkna—-\- ——— | Actin - L
1 2 3 4




52

Infection of neurospheres (long-term)
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Infection of neurospheres (HTLV-1)
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Stem cell EVs
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= Contain various biological cargo (miRNAs, IncCRNAs,
proteins, cytokines) that can be transferred to recipient cells

= Proposed to play a role in homeostasis through tissue
repair, regeneration, and immunomodulation

= Potential alternative to stem cell therapy due to higher
potency, increased stability/shelf life, and lower
immunogenicity

= Widely studied for reparative purposes (e.g., skin/wound
healing, cardiac repair, CNS-related pathologies)
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EVs and donor cells
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= Mesenchymal Stem Cells (MSCs; ATCC® PCS-500-012™)
- Human, normal
- Bone-marrow derived

- Authenticated for characteristic surface marker expression (CD90, CD73,
CD105 positive; CD14, CD34, CD45 negative)

- Multi-lineage differentiation potential (adipocyte, chondrocyte, osteocyte)
~ Induced Pluripotent Stem Cells (iPSCs; ATCC® ACS-1019™)

= Human, normal
- Foreskin fibroblast-derived
- Sendai virus reprogrammed

- Authenticated for expression of stem cell markers (TRA-1-60, SSEA-4
positive; SSEA-1 negative)
- Evaluated for pluripotency
= A549 Lung Carcinoma (ATCC® CCL-185™)

- Control used for large-scale manufacturing and isolation

- Equivalent to CCL-185-EXM™ exosomes (also: ATCC® SCRC-4000-EXM™,
CRL-1435-EXM™ CCL-247-EXM™)

EVs synthesized in A549 cells




EV isolation and characterization
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EV characterization
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EV characterization
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EV function
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EV function
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EV function
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EV function
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Future directions

= Further assessment of potential functional effects of EV-associated IncRNAs

Al cell
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Future directions

= Better definitions of death and mechanisms of repair
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Overview

= Summary
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Summary
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HIV-1 TAR as non-coding RNA in EVs can be found in cell lines and patient samples.

EVs are released first prior to viral release to potentially prime the neighboring
uninfected cells.

Early EV samples (i.e., 6 hours) contain p24, Nef, gp120 proteins, non-coding RNA, or
coding RNAs; however, they are not infectious virions.

The majority of the particles released (i.e., 24 hours) from infected activated cells are
not infectious virions.

NPC-derived 3-D neurospheres can be generated in a reproducible manner and can
differentiate mature CNS cell types.

3-D neurospheres are permissive to retroviral infection.
High yields of stem cell EVs can be recovered using advanced filtration methods.

Stem cell EVs can exert functional effects in CNS-related cells in both 2-D and 3-D
cultures.
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