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About ATCC

▪ Founded in 1925, ATCC is a non-profit 
organization with HQ in Manassas, VA, and an 
R&D and Services center in Gaithersburg, MD

▪ World’s largest, most diverse biological materials 
and information resource for cell culture – the 
“gold standard”

▪ Innovative R&D company featuring gene editing, 
differentiated stem cells, advanced models

▪ cGMP biorepository

 Partner with government, industry, and 
academia

 Leading global supplier of authenticated cell 
lines, viral and microbial standards

 Sales and distribution in 150 countries, 
19 international distributors

 Talented team of 450+ employees, over one-
third with advanced degrees
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 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



Meeting of the American Society for Intercellular Communication
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EVs from latent cells
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A) Hatano/Deeks et. al., JID. 2013
B) Kumar et. al., J Neurovirol. 2007

A) B)



CNS Viral Infections
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Dahm et al. Mediators Inflamm. 2016. 



HIV-1 and HAND
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 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, 
EL Palmer, WR McManus, Centers for Disease Control and Prevention (CDC)



HIV-1 and HAND
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HIV-associated dementia (HAD), asymptomatic 
neurocognitive impairment (ANI), and mild 
neurocognitive disorder (ANI); from Justin McArthur at 
Hopkins

0

200000

400000

600000

800000

1000000

1200000

Nu
m
be
rs
 o
f I
nd

iv
id
ua

ls

Gardner State of Engagement in HIV Care: USA

HAD

MND

ANI

No impairment

HAD

MND

ANI

No impairment

Pre-cARTera cART era
A) B) 



10



11



No FDA-approved transcription inhibitors

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



TAR RNA is present in culture supernatants of HIV-1 infected cells
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TAR RNA (short transcripts)
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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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Barclay et al., J Biol Chem. 2017.



Membrane vesicles as conveyors of immune responses
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Thery et al., Nat Rev Immunol. 2009.





Isolation of EVs away from virus

18 DeMarino et al., Sci Rep. 2018



HIV life cycle
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Question: Which particles are released first from infected cells-
EVs or Viruses ?
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EVs or Viruses ?



Question: Which particles are released first from infected cells-
EVs or Viruses ?



Seed J1.1 cells 
(106 cells/mL) 
in 1% FBS, add 
cART

Treat with 
20% FBS, PHA 
and IL‐2 or 
CD3/CD28 
beads

Harvest cell suspensions 
from different time 
points: 0h, 3h, 6h, 12h, 
24h. Separate cells from 
supernatant.

Process cells for 
downstream qPCR 
for TAR, TAR‐Gag 
and genomic RNA

Day 0 Day 3 Day 4

Incubate 
supernatants with 
NT80/82/86 beads 
to catch virions and 
exosomes. Proceed 
with WB for 
exosome markers, 
p24 and Actin

Experimental procedure

23
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Actin
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Virus rescue assay

Seed 106 naïve 
cells (Jurkat, 
CEM, U937) in 
250 ul of the 
supposedly 
infected 
supernatants 
from 6h and 
24h. 

Day 0

Remove the 
sup. Resuspend
in 1 ml fresh 
media and 
seed in the 
plate., 
concentrate 
and add pellet 
with Infectin
(Y. Wu)

Day 1

Process cells 
for 
downstream 
western blot 
for p24

Day 4
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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



 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. 
 It is estimated that the actual global prevalence may be as high as 20 million worldwide. 

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

Epidemiology
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Human T-lymphotropic virus type 1 (HTLV-1)



Higuchi and Fujii, Retrovirology. 2009. 35



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.

C) HTLV-1-associated uveitis (HU) B) Infective Dermatitis (ID)

A) Bronchiectasis
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HTLV-1 overview



Pinto et al., Retrovirology. 2021. 

Inhibition of ICAM-1 and CD45 via small interfering RNA prevents 
cell-to-cell contact 
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Pinto et al., Frontiers in Microbiology. 2019. 38

Antibodies against specific cellular surface receptors inhibit cell-
to-cell contact



Pinto et al., Retrovirology. 2021. 39

Proteomic analysis of the 2k, 10k, and 100k showed that HTLV-1 
EVs carry viral/host proteins
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2k & 10k HTLV-1 EVs contain highest amount of viral/host proteins 

Pinto et al., Retrovirology. 2021. 



41 Pinto et al., Retrovirology. 2021. 

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
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Inhibition of micropinocytosis attenuates 10K and 100K EV 
internalization and decrease cell viability in HUT102 cells 
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Inhibition of receptor-mediated endocytosis attenuates EV 
internalization and decrease cell viability in HUT102 cells
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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
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Background

Epidemiology
 HIV-associated neurocognitive disorders (HAND) are 

commonly associated with HIV-1 infection
 Despite combination antiretroviral therapy (cART) 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

HIV particles; Photo credit: M Metcalfe, T Hodge, CDC
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Generation of neurospheres



Infection of neurospheres
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HIV-1 tropism

d) 
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Infection of neurospheres (+ cytokines)
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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, lncRNAs, 
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

 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
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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 



 Further assessment of potential functional effects of EV-associated lncRNAs
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Future directions



 Better definitions of death and mechanisms of repair
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Future directions
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Summary

 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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