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Overview
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Exosomes 30-150 nm
% Nanodevices 10-100 nm
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Internal volume of exosomes (diameter 30-150 nm) is ~4-1500 x10-24 m3
The volume of one average 50 kDa protein or 100 nt RNA molecule is ~6 x102° m?
->Exosome theoretically can hold up ~70-25,000 small proteins or short RNA




Clinical Significance of EVs
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Types of EVs
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EVs (from uninfected cells)

Exosomes
*Well defined shape under EM
*50 to 100 nm
*Formed intracellularly
«Contain tetraspanin proteins: CD63, CD81, CD9
*Contain ESCRT-pathway proteins ALIX and TSG101
Exosome-like vesicles
20 to 50 nm
*Originate from multivesicular bodies formed by other organelles (Golgi)
sLack ESCRT proteins ALIX and TSG101
Microvesicles (ectosomes)
*100 to 1000 nm
*Originate from outward budding/fission of plasma membrane (exocytosis)
*Do not contain tetraspanin proteins
*Similar lipid composition to plasma membrane
Apoptotic bodies
*500 to 4000 nm
*Formed only during programmed cell death
*Contain DNA and histones




EV Research and Infections: Tip of an Iceberg

Baltimare groups are:
I dsDMA type (examples: Adenovirus, Herpesvirus, Poxvirus)

II: ssDMA type (+)sense DMNA (example: Parvovirus)
Il dsRMA type (example: Reaovirus)

V: (+)ssREMNAtype (+)sense RMNA (examples: Picornavirus, Togavirus)
Vo (-)ssREMAtype (-)sense RMA (examples: Orthomyxovirus, Rhabdovirus)
YVl ssRMNA-HT type (+)sense RMNA with DMA intermediate to life-cycle (example: Retrovirus)

WYiI: dsDMNA-RT type (example: Hepadnavirus)

PubMed Search:
Viruses
Intracellular Pathogens & Viruses (all DNA and RNA)

Intracellular Pathogens & Fungi (Candida, Cryptococcus,
Aspergillus)

Intracellular Pathogens & Parasites (Leishmania, Malaria,
Chagas, Sleeping sickness)

Intracellular Pathogens & Bacteria (TB, Listeria, Salmonella)

# of Manuscripts:
~106
1,749
6,049

1,300

7,703

PubMed Search:

Parasites
Bacteria

Fungi

# of Manuscripts:

239,892

~2.1x 108

~1.6 x 108
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Extracellular
Vesicles and
Infections

Scientific Organizers

Dr. Fatah Kashanchi (GMU)
Dr. Leonid Margolis (NIH)

June 1-2, 2018

Bolger Center in Potomac, Maryland

Exosomes in Human Infectious
Diseases Conference

05 Mar 2020 - 08 Mar 2020 | Nassau, Bahamas
Important Dates

Early Bird 19 Sep 2019
Talk Submission 26 Sep 2019
Poster Submission 04 Jan 2020
Registration Deadline 10 Jan 2020
Synopsis

Extracellular vesicles (Evs), which are generated by almost all living cells, are now considered to
be an important s-{stem of cell-cell communication. A large volume of data has been published
on EVs in different fields of biology and medicine, from immunology to marine biology. These
data are discussed at large intemational meetings that gather tholsands of researchers.

However, there is still a need for more-focused meatings at which the im nce and reliability
of the data should be evaluated by a narrow circle of experts. Here, we 0se to organize
a small conference that will focies on one of the most important aspects of Evs, their role in
infectious human diseases. The aim of the proposed ca ce is to improve our understanding
of the mechanisms of this involvement and to evaluate EVs as potential therapeutic targets.

Join us alongside chairs Leonid Marguﬂs'E:IHfNICHD}. Fatah Kashanchi (George Mason
University) and Graga Raposo (Institut Curie, CNRS)

Plenary Speakers

Randy Schekman Stephen Gould
University of California, Berkeley Johns Hopkins University
Philip Stahl Guillaume van Niel
Washington University in St. Louls INSERM

Yoel Sadovsky Magee Genaveffa Franchini
Waomens Research Institute NIH

Andrew Hill

La Trobe University

50% registration support for selected young investigators
*  Poster Prizes Available

Istration rate includes 3 nights’ fixed accommodation (05, 06 and 07 Mar 2020) and a 24hour
all-inclusive food and beverage package for the conference period.

www fusion-conferences.com
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Topics to Be Discussed
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1. Background on viruses, autophagy and EVs
(damaging EVs; diagnostics)

2. lsolation of EVs from latent HIV-1 and other virally
infected cells (HTLV-1, RVFV, Ebola and Zika)




Characterization and Analysis of “Damaging EVs”
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Epidemiology
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A)

Table 1. Baseline Characteristics Among 190 Study Subjects

Characteristic Walue
Age, years 51 (44-57)
Male sax, % of patients 92
CD4* T-cell count, eellsfmm® 523 (245-728)
T cells expressing CD4, % 23(16-32)
CD8"* Tcell count, cellsimm?® 844 (606-1185)
T cells expressing COB, % 48 (37-57)
Madir CD4* T<ell count, cells/mm® 113 (29-227)
Duration of HAART suppression, months 31 (14-66)
Agent included in HAART, no. of patients
Pratease inhibitor 124
NMRTI 2
Raltegravir 14
Maraviroe 1
Enfuvirtide 3
A A 2
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Figure 1. No associations between ultrasensitive plasma human im-
munodeficiency virus (HIV) RNA levels and T-cell activation. Ulirasensi-
tive plasma HIV ANA levels were measured using the COBAS AmpliPrep/

COBAS TagMan HIV-1 test, version 2.0. All P values are »40.

Log4p proviral DNA level
(copies per million CD4* T cells)

Figure 2. Cell-based measures of viral persistence are modestly asso-
ciated with immune ectivation.
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HIV-1 RNA in Human Brain Regions
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Figure 1 HIV-1 RNA load (log,, copies/g tissue) in each region of
HIV-1+ individuals is presented in a scatter plot. The horizontal
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 et al. JID. 2013
B) Kumar et al. J Neurovirol. 2007
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Mechanism
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Mechanism
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Treatment
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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

IS

Lamivudine |Delavirdine | Abacavir | Atazanavir| Tipranavir

NRTIs (8)

NNRTIs (4) Zalcitabine  Nevirapine Efavirenz Fosamprenavir
Protease Inhibitors (10)

Fw"," Inltnbrtor (.17).- 1 Lopinavir + Ritonavir
Entry Inhibitor (1)
Combinations (5) - not shown

No FDA-Approved Transcription Inhibitors

Palmisano and Vella. Ann Ist Super Sanita. 2011~ ATCC’




Characterization and Analysis of “Damaging EVs”

TAR RNA is present in culture supernatants of HIV-1 infected cells
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Characterization and Analysis of “Damaging EVs”

TAR RNA (short transcripts)
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= More than 70 papers from late 80s to present
= Detected in vitro, in vivo and in latent patient cells
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Characterization and Analysis of “Damaging EVs”
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Characterization and Analysis of “Damaging EVs”
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Antiretroviral Drugs Alterthe
Content of Extracellular Vesicles
from HIV-1-Infected Cells

Catherine DeMarino?, Michelle L. Pleet, Maria Cowen?, Robert A. Barclay?, Yao Akpamagbo?,
James Erickson?, Nicaise Ndembi2, Manhattan Charurat?, Jibreel Jumare?, Sunday Bwala?,
Peter Alabi*, Max Hogan®, Archana Gupta®, Nicole Noren Hooten("5, Michele K. Evans$,
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 RNA, 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
nevrocognitive and immunological dysfunction.
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Isolation
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Ultracentrifugation: 10,000g, 30 min

Pellet Q;l
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Ultracentrifugation: 100,000g, 70 min
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Ultracentrifugation: 100,000g, 70 min

< PBS Resuspend Pellet
Optiprep

Cell Culture

)
@| Centrifuge 10 minutes at 3000X g l
®

— Discard pellet
v

Filter with 0.22 pm filter |

Filtrate

Q%[ ExoMAX Reagent (1:1 ratio)

l | Incubate at 4°C overnight

| Centrifuge 30 minutes at 1,500 X g |

l—v Discard supernatant

Re-suspend pellet in 300 pL PBS

OptiPrep™

6 7.2 84 9.6 10.8 12 13.2 14.4 15.6 168 18

C)

% lodixanol

6.0

7.2

8.4

9.6

10.8

12.0

13.2

144

15.6

16.8

18.0

10

11

Virus Fluid

Exosomes

Virions

ATCC



Characterization and Analysis of “Damaging EVs”
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Using Nanotrap® particles to capture exosomes or viruses

(1) Nanotrap® Particles added to (2) Nanotrap® Particles (3) Perform Functional
sample rapidly enrich valuable Assay

biomarkers out of entire
sample volume

Replication in cell culture
PCR amplify
* ELISA assays

* Enzymatic assays
Protein/RNA analysis
Metabolite and
cytokine assays

Diluted virus or

exosome samples Exosome-Nanotrap®
(in urine, CSF, saliva, particles
or plasma)
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Characterization and Analysis of “Damaging EVs”

A) B) C)

Immuno-isolation ) A
- Ultracentrifugation only for small samples
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Characterization and Analysis of “Damaging EVs”

A) Extracelluar Vesicles (EVs) B)
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Characterization and Analysis of “Damaging EVs”
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Characterization and Analysis of “Damaging EVs'

Interferon Alters EV Content Through the ESCRT Pathway
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Characterization and Analysis of “Damaging EVs”
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A)
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TAR RNA: TLR3 signaling complex.




Mechanism
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Mechanism

™ Viral Spread
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Mechanism
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Topics to Be Discussed
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1. Background on stem cells and stem cell EVs
(reparative EVSs)

2. Functional effects of stem cell EVs
= Wound healing and skin repair
= Cardiac, eye repair
= CNS repair (stroke, TBI, SCI, neurodegenerative disorders)




Stem Cells
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= Defining characteristics

Self-renewal
Differentiation potential

= Types of stem cells

Embryonic stem cells

Adult (somatic) stem
cells

Induced pluripotent
stem cells

Maintain stem cell population

. Stem cell
. . Differentiated cell

Increase stem cells Increase differentiating cells

-
R R
o0 060
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Stem Cell Therapy

} 10% Bone and cartilage
8000 Embryonic stem cells Kidrey 795

mm  fesenchymal stem cells

= Meuronal stem cells

==+ Induced pluripotent stem cells
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== Hematopoietic stem cells
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Samsonraj et al. Stem Cells Translational Medicine. 2017

36 Marquez-Curtis et al. Cryobiology. 2015 ATCC



Stem Cell EVs
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Contain various biological cargo (miRNAs, IncRNAs, 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 in the context of skinf'wound healing, angiogenesis, cardiac
repair, and CNS-related pathologies
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EVs and EV Donor Cells

= 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,
CDA45 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™ (also: ATCC® SCRC-4000-EXM™, CRL-1435-EXM™ CCL-247-EXM™)
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Angio-Ready ™ Angiogenesis Assay System (ATCC® ACS-2001-2™)
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EV Functionality
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EV Functionality
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Overview of extracellular Vesicles (EVs)
Characterization and Analysis of “Damaging EVs”
Characterization and Analysis of “Reparative EVSs”

Summary and Future Directions




Summary

= Extracellular vesicles (EVs) such as exosomes are critical mediators of
intercellular communication. The diverse biological cargo that is associated
with these vesicles is believed to mediate the pleiotropic effects of EVs.

= |nfected cells secrete “Damaging EVs” which contain viral non-coding RNAs
and other viral proteins and these EVs can be separated from infectious
virions.

= Stem cells secrete “Reparative EVs” which contain both non-coding RNAs
and cytokines that can contribute to processes relevant to cellular repair.
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Future Directions
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Further Purification of EV subpopulations
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Future Directions

Advanced functionality assays using neurospheres derived from ATCC ACS-5003™
(unpublished data)
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Learn more:
www.atcc.org/exosomes

Upcoming Webinar:

Antimicrobial Resistance: Arm Your Lab in the Fight Against
Superbugs

= Presented by Christine Fedorchuk, Ph.D.
= February 27, 12:00 ET
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