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{4 Let’s Get Social!

Follow the American Chemical Society on Twitter, Facebook,
Instagram, and LinkedIn for the latest news, events, and
connect with your colleagues across the Society.

linkedin.com/company/
american-chemical-society

@AmerChemSociety | @AmericanChemicalSociety @amerchemsociety

Contact ACS Webinars® at acswebinars@acs.org
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CUCK » WATCH - LEARN = DISCUSS

Where is the Webinar Recording?

ACS Members w/Premium Package

All Registrants

Watch the unedited recording
linked in the Thank You Email
for 24 hours.

Visit the ACS Webinars® Library
to watch the edited and
captioned recording.
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A Career Planning Tool For Chemical Scientists 5 CAheggyfo,weo

ChemlDP is an Individual Development Plan
designed specifically for graduate students and
postdoctoral scholars in the chemical sciences.
Through immersive, self-paced activities, users
explore potential careers, determine specific skills
needed for success, and develop plans to achieve
professional goals. ChemIDP tracks user progress
and input, providing tips and strategies to
complete goals and guide career exploration.

https://chemidp.acs.org °

Career Consultant Directory & CAhegstSryfomfeg

Find a Career Consultant

= & Bk,

Academia Government Industry
15, Wl
% = ‘=’
Nonprofit Independent Retirement

* ACS Member-exclusive program that allows you to arrange a one-on-one appointment with
a certified ACS Career Consultant.

* Consultants provide personalized career advice to ACS Members.

* Browse our Career Consultant roster and request your one-on-one appointment today!

www.acs.org/careerconsulting 6
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Metworking

@march 2,2023

Careers in Industry

O may 4, 2023

Is grad schoal right for me?

Ojuly6, 2023

The Basics of Building Resilience

@ september 7, 2023

Finding and securing an internship

@ riovember 2. 2023

Careers in Academia

Qo

ecember 7, 2023
s/en/careers/personal-career-consulting.html
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https://www.acs.org/content/acs/en/careers/developing-growing-in-your-career.html

ACS Bridge Program

Are you thinking of Grad School?

If you are a student from a group underrepresented in the chemical sciences, we

want to empower you to get your graduate degree!
The ACS Bridge Program offers:

» A FREE common application that will highlight your achievements

to participating Bridge Departments

» Resources to help write competitive grad school applications and
connect you with mentors, students, and industry partners!

Learn more and apply at www.acs.org/bridge

Email us at bridge@acs.org

ACS
v Chemistry for Life®
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ACS Scholar Adunoluwa Obisesan
BS, Massachusetts Institute of Technology, June 2021

(Chemical-biological Engineering, Computer Science & Molecular Biology)

“The ACS Scholars Program provided me with monetary
support as well as a valuable network of peers and mentors
who have transformed my life and will help me in my future
endeavors. The program enabled me to achieve more than |
could have ever dreamed. Thank you so much!”

i GIVE TO THE

AAC L SCHOLARS

PROGRAM

Donate today at www.donate.acs.org/scholars
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PRODUCED BY THE AMERICAN CHEMICAL SOCIETY

0 Reactions o ==

What e Sayn Al Breung Ve Bk

Frea G
Lanatives. N, Ranty -

- \,-,
5:.5

WHAT HAPPEN " {

RSPACE .‘J‘UN . 4 K ) ; \‘wum\t“‘lé

SPACE TRASH . Chematry

https://www.youtube.com/c/ACSReactions/videos 10

10


https://www.youtube.com/c/ACSReactions/videos

3/9/2023

-

ACS Sam Jones, PhD

Chemistry for Life® Jo) Science Writer & Exec Producer
/]

Looking for a new science podcast {

to listen to? » Deboki Chakravarti, PhD
7 p P Science Writer & Co-Host
T % I\I :.J’ TO SUBSCRIBE

..:.. visit http://Www.acs.orq/tinvmatters or

MATTE RS scan this QR code

e [m] 32 [m]
& ”

Check out Tiny Matters, from the American Chemical Society.
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STEREO
CHEMISTRY

Carolyn Bertozzi and K. Barry Bioorthogon: k chemistry Lithium mining's water use
Sharpless chat about sharing clinch th 1Prize sparks bitter conflicts and y
the 2022 Nobel Prize in : novel chemistry revisits a fan-favorite interview
Chemistry i s with the renowned scientist

®)

HEMCONVOS

Jess Wade on Wikipedia and The sticky science of why we

The helium shortage that
work-life balance eat 5o much sugar

supposed to be

VOICES AND STORIES FROM THE WORLD OF CHEMISTRY

amazonmusic

cen.acs.org/sections/stereo-chemistry-podcast.html




ACS on Campus is the American Chemical
Society's initiative dedicated to helping students
advance their education and careers.

prepare an effective resume. interview
pick a graduate or post-doctoral

Get Published.

Share your science with confidence - get essential tips
for becoming a better writer. reviewer and
communicatoc

Get Ahead.

Develop your careet. network with local professionals.
and learn how to leverage your ACS membership.

acsoncampus.acs.org
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ACS Industry
Member Programs

* ACS Industry Matters

ACS member only content with exclusive
insights from industry leaders to help you
succeed in your career. #ACSIndustryMatters

Preview Content: acs.org/indnl

« ACS Innovation Hub LinkedIn Group

Connect, collaborate and stay informed about
the trends leading chemical innovation.

Join: bit.ly/ACSinnovationhub

ACS
("1

& SAvpus
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ACS OFFICE OF DEIR

Advancing ACS' Core Value of Diversity, Equity,
Inclusion and Respect

Resources

Inclusivity Style Guide

ACS Publications DEIR Hub

C&EN Trailblazers

Quick Guide: Inclusion
Moments

15

ACS Webinars on Diversity

ACS Volunteer and ACS
Meetings Code of Conduct

NEW! Download DEIR
Educational Resources

Quick Guide: How to host
inclusive in-person events

Diversity, Equity, Inclusion, and Respect

**adapted from definitions from the Ford Foundation Center for Social Justice:

Equity**

Seeks to ensure fair treatment,
equality of opportunity, and
fairness in access to information
and resources for all. We believe
this Is only possible in an
environment built on respect and
dignity. Equity requires the
identification and elimination of
barriers that have prevented the

full participation of some groups.

Diversity**

The representation of varied
Identities and differences (race,
ethnicity, gender, disability, sexual
orientation, gender identity,
national origin, tribe, caste, socio-
economic status, thinking and
communication styles, etc.),
collectively and as individuals. ACS
seeks to proactively engage,
understand, and draw on a variety
of perspectives.

https://www.acs.org/diversity

Inclusion**

Builds a culture of belonging by
actively inviting the contribution
and participation of all people.
Every person's voice adds value,
and ACS strives to create balance
in the face of power differences. In
addition, no one person can or
should be called upon to represent
an entire community.

Respect

Ensures that each person is treated
with professionalism, integrity, and
ethics underpinning all

interpersonal interactions.

ACS

Chemistry for Life®

AMERICAN CHEMICAL SOCIETY

MEETINGS & EVENTS

SPRING 2023

Crossroads of Chemistry

MARCH 26-30 ¢ Indianapolis, IN
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TWENTY-SEVENTH ANNUAL
GREEN CHEMISTRY =

& ENGINEERING
CONFERENCE

’
June 13-15, 2023 | Long Beach, CA & Hybrid \:)

CLOSING THE
LOOP

Closing the Loop:
Chemistry for a Sustainable Future

Register Today

Save up to $200 on Early Registration Pricing!

Register Now! www.gcande.org
17
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NEXT WK —

Wed., March 15, 2023 | 2:00-3:00pm ET Thurs., March 16, 2023 | 2:00-3:00pm ET Wed., March 23, 2023 | 1:00-2:00pm ET
Successful Transitions: Strategies Toxicology 101: Chemicals and How Artificial Intelligence is
for Adapting to a New Role their Toxic Effects Changing Drug Discovery
Co-produced with the ACS Younger Chemists Committee Co-produced with the ACS Office of Career and

Co-produced with the Science History Institute
and the ACS Committee on Ethics Professional Education

Register for Free ~ Browse the Upcoming Schedule at www.acs.org/acswebinars

18
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THIS ACS WEBINAR®
WILL BEGIN SHORTLY...

% Say hello in the
guestions window!
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Nature’s Lipid Nanoparticles:
Exosomes in Drug Delivery and Therapeutics

JANET SASSO, MPH ATTA BEHFAR, MD, PhD TIM MOSELEY, PhD

Director of the Cardiac Chief Technology -| i Program Manager,
Regenerative Medicine Officer and Owner, CAS, a division of the
Program, Mayo Clinic Direct Biologics American Chemical Society

This ACS Webinar® is co-produced with CAS, a division of the American Chemical Society.




3/9/2023

CAS connect you to the world’s
published science for better insights

ACTIVE PHARMA INGREDIENT COSMETIC FORMULATIONS

Over Over

B ANALYTICAL METHODS PROTOCOLS GLOBAL REGULATIONS SPECTRAL DATA 50 K 2 50

STRUCTURES...... 5 o o ame
REACTIONS PHARMACOLOGY / TOXICOLOGY PROCESSES scientific JOUrnalS million substances

STRUCTURE-ACTIVITY-RELATIONSHIP PROPERTIES IP CLAIMS INGREDIENT FUNCTIONS and documents

DNA / RNA SEQUENCES MARKUSH DISEASES UVCB SUBSTANCES
Over Over
NMR DATA FORMULATIONS CELL LINES / TYPES POLYMER PROPERTIES
BIOMOLECULE ISOLATION AGRICULTURE FORMULATIONS 50 64 .
MASS SPEC DATA TARGETS |anguages patent OffICGS

PROTOCOLS ORGANOMETALLICS / INORGANICS BIOASSAYS tran5|ated WOI’|dWIde

o,
.
AS
© 2023 American Chemical Society. All rights reserved C
Ammericen Chemical Seclety

Data is valuable only when it is
transformed into insight

INFORMATION HINDSIGHT INSIGHT
]
0® ‘O
%.OOO
& oo
Q o

CURATE CONNECT ANALYZE
to give information to reveal
data meaning across disciplines insights

22 © 2023 American Chemical Society. All rights reserved.
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EXOSOMES IN DRUG
DELIVERY AND
THERAPEUTICS

Janet Sasso, Information Scientist

American Chemical Soclety

23
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Why exosomes?

Synthetic

Low bioavailability | Rapid
bloodstream clearance | Cytotoxicity

Natural

Innate stability | Biocompatibility |
Low immunogenicity |
Crosses blood-brain barrier

CAS

Exosome publications has increased over time
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Cancer leads the way

amongst a wide range of diseases

Stroke 2% —— Infection 2%
Autoimmune disease 2%

Myocardial infraction 2% ‘

Viral infection 2%

Diabetes mellitus 2%

Parkinson disease 3%

Neurodegenerative disease 3% -
Cardiovascular disease 3%

Alzheimer disease 3%

Inflammation 8%

Cancer 68%

27 © 2023 American Chemical Society. All rights reserved CAS
macican Chemical Socinty

A
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There’s a challenge: isolating and purifying exosomes
Throughput Ideal
Speed .~ | . Scalability
// e /\
Exosome | :
integrity | ,,n Purity
Workflom\l\ Z N
simplicity = " Yield
Automatability
28 © 2023 American Chemical Society. All rights reserved Sé,§ ?"E
28
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Throughput Ideal
Speed Scalability

With a wide range of approaches... ek S ) o

29

Exosome application publications

30

Percentage of documents

Ultracentrifugation
Density and size based
sequential separations

purity

Ultrafiltration
Filter membrane with defined
size-exclusion limit

purity, integrity

Immunoaffinity
Antigen—antibody specific
recognition and binding

yield, speed

© 2023 American Chemical Society. All rights reserved

100

80

20

0
2015 2016 2017 2018 2019
Year
© 2023 American Chemical Society. All rights reserved

W ultracentrifugation

m size-exclusion chromatography

ultrafiltration

polymer-induced precipitation

® immunoaffinity techniques

= microfluidic

Workflow

simplicity Yield

Automatability

Polymer precipitation

Polymer adhering and precipitating
exosomes

purity, speed

Size exclusion chromatography
Hydrodynamic radii exosome separation

throughput, automation

Microfluidics
Immunoaffinity, size, density

throughput, scale, speed .

CAS %

Amarican Chemical Soclety

()

2020 2021 .

CAS

Amarican Chamical Saciety

\‘
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Exosomes in the clinical development pipeline

Preclinical Development and Clinical Trials

Clinical Trials

® Preclinical
Development

© 2023 American Chemical Society. All rights reserved

Exosome research activity

Companies and their targeted diseases

= Anjarium Biosciences

= Carmine Therapeutics

= Ciloa

= EV Therapeutics
Unicyte

i llias Biologics

= Aetholon Medical

B Codiak Biosciences

= Aruna Bio

= Celltex Therapeutics

= Evox

= Florica Therapeutics

= Innocan Pharma -

= ReNeuron -
VivaZome o .

W Capricor Therapeutics ™

® MDimune N )
W Xollent e, : Skin disease I

B Organicell il 5

= OmniSpirant e —— P 5 x "

BT ~ p Infectious disease [

= Aegle Therapeutics T~
Avalon Globocare

= Direct Biologics - ~

= Exopharm e

B Vitti Labs e -

= Kimera Labs <= -

= ExoCoBio B — 3

u RION

= Cells for Cells

= Evora BioSciences

Cancer I

- Neurological disease I

Lung disease I

Wound healing [
Osteoarthritis I

Gastrointestinal disease ||

© 2023 American Chemical Society. All rights reserved

bmMSC-derived exosomes (RIS, 121D

bmMSC-derived exosomes Wound healing

amniotic fluid derived exosomes ARDS

Wound healing/

Purified exosome product Myocardial infarction

exosome with ASO-STAT6 Hepatocellular Carcinoma

umbilical cord derived exosomes ARDS

ginger exosomes IBD

MSCs-derived exosome with

KrasG12D siRNA Pancreatic cancer

\l

.\}\u

L)

CAS

marican Chemical Society

= Anjarium Biosciences
Inflammatory disease I

= Evox
Kidney disease I

I Avalon Globocare

- Rare genetic disease |
>~ -
Il EV Therapeutics & . Graft vs Host disease
N

= Direct Biologics e S & +  Organ transplant rejection
® llias Biologics &« "

_ i Alopecia I
1 Xollent o

ey s -~ Heart disease |

= Innocan Pharma

Diabetes I
§l ExoCoBio N —
Bone disease ®
“ RION
y Fibrotic disease
§ Xostem
Wound healing =
I Unicyte Ischemia =
Liver disease m
VivaZome
I Eye disease m
| vitti Labs Reproductive disorder =
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MAYO
CLINIC

KX

Clinical Application of Exosome Based
Therapy

Atta Behfar, M.D., Ph.D.

Russ and Kathy Van Cleve Professor of Regenerative Medicine,
Consultant, Interventional Cardiology, Heart Transplant
Director,/Van Cleve Cardiac Regenerative Medicine Program
Co-Director of Innovation in Biologics, Cardiology
Research Program Director, Cardiology Fellowship Program
Professor, Mayo College of Medicine

Disclosures for Atta Behfar, M.D., Ph.D.

» Relevant Financial Relationships
* Rion Inc
« Sorento Therapeutics
+ Deverra Therapeutics

» Off label usage — TISSEEL

» Additional Disclosures
* Abbott — Steering Committee

MAYO
CLINIC

Yy
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Learning Objectives

» Evolution of stem cells to exosomes

» Describe the use of naturally occurring extracellular
vesicles for therapeutic applications

» Summarize how to engineer extracellular vesicles for
therapeutic delivery in wound and cardiovascular space

MAYO
CLINIC

NaZ
35

0.000h

Exosomes: Critical role of Tetraspanins
Cell entry, cell fusion and endosomal trafficking

H*/K*ATPase or Sunglasses
synaptotagmin

CDe3

Rhodopsin (Drosophila)

o)
s
@
o
ol
5
(3
3
3

CD63-PMEL17
TSPAN10-ADAM10 Lysosome-related

organelles
Egj ER

]
G CD63-CXCR4
=

MAYO
CLINIC

y
36
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Engineering exosomes therapies

Cells engineered with unigue membrane proteins
designed for endosomal trafficking

cDNA, mRNA and miRNA/siRNA targeting

Proteins and growth factor overexpression or
targeting

Massive cell expansion

Conditioned medium harvest

Bioreactor Purification Size/affinity-based purification

MAYO
CLINIC

NaZ
37

CLINICAL EXPERIENCE

TRIAL RESULTS IDENTIFY A HIGHLY REGENERATIVE CELL

CHART-1 and C-CURE Trials in Ischemic Heart Failure

C-CURE Phase Il (n=50 randomized)

CHART-1 Phase Ill (h=360 randomized)
S
<
. ||||||||||I|IIIIII|||||||”l”””””””‘HHHHHHHHHHHH ,,,,,,,,,,,,,,,,,,,,,,,,,,,,
CP hrCP
N
&y
38
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CLINomiIcs- CHART-1/C-CURE TRIAL DATA
hrCP MORE EFFICIENT AT EXOSOME RELEASE

MAYO
CLINIC

&2

CLiINomics- CHART-1/C-CURE TRIAL DATA

mMiRNA/SECRETOME INTERACTOME PROFILING OF CP VERSUS hrCP EXOSOMES

Several Platelet Markers Upregulated in hrCP

Molecular functions

a5 —

-
¢ 160
I [ e e e )
— %140 30 |
= 120 -—E
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150
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Manufacturing Maintains Exosome

Structure/Function

Conventional manufacturing process often destroys exosomes

Structure is essential to maintain
exosome integrity and potency

41

Conventional manufacturing
disrupts exosome structure

Broken and lost content
Inconsistent quality and purity
Requires frozen storage

3/9/2023

Manufacturing process
maintains exosome structure

Nn

gl

Y- 3

iy

Consistent purity and potency
Trillions of Regenosomes™
24-month room temperature
stability

Regenerative Exosomes: How They Work

MODE OF ACTION Reduces oxidative stress helping

cells survive

* Reduces inflammation to allow for healing

* Activates stem cells

to help with tissue repair

* Restores healthy blood supply

Pre-clinical data demonstrates that
PEP capable of regenerating many

types of tissue:
skin, heart, muscle, tendon, lung and
nerve

PEP stimulate the body’s natural tissue regenerative process

~_

Injury/

B

F

Platelets

o
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Regenosomes™
Wound Healing

[

42
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Untreate  TISSEEL PEP TISEEL PEP
il ® . U P

Compassionate Use -
Radiation injury in the setting of skin cancer

* Dr. Katie Van Able

* ENT / Department of Head and Neck Surgery at Mayo
Clinic

* >1yr non-healing wound

* Second round of therapy planned

Platelet Derived Exosomes
* P1 Clinical Study on ischemic wound healing
completed at Mayo Clinic fg{ ‘
* P2 Multi-center study on ischemic wound in Unireated nss‘EEL pép nsseéL PEP
2023 '

* Compassionate use
* Radiation

* Non-healing wounds
* DOD applications

} ;
:*l*
:‘f

A ICATORS

MAYO
CLINIC

Yy

43

EV Wound Trial

&

MAYO
CLINIC

5
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Anti-oxidant enzymes protect cells from oxidative
stress -

X A
© -

(‘):b
N N

. Ho-1 [ ===
SOoD éniiyme Catalase Enzyme SoD 1 E’
PEP donates essential antioxidant SOD 2 E High-levels of anti-oxidant

enzymes to facilitate elimination of

cytotoxic free radicals SOD 3 El enzymes are present Wlth | N

Cells exposed to Ly83583 (free radical generator) P E P

No PEP 10% PEP 20% PEP

Significant reduction
in apoptotic cells
when PEP added to
culture media

Caspase staining
(apoptotic marker)

45

Restoration of Microvascular Content

Pre-op Post-op Post -op 4 weeks
Sh; TISSEEL
-

Post-op D28

Normal Wound

PEP
]

o

TISSEEL PEP

Vascular area (um?)/500pm?
o

FIk1(-) PEP

DAPI 7 Y 4 # 2
O a-SMA § =

SN
Rizzo et al, ATVB 2022 (Under ieview)

&y
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Modulation of inflammation through macrophage polarization

CD14+ monocyte
IFN-
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Cardiac Regeneration (EV AMI Trial)

Diastolic Wall Thickness

~1.01 l+|
Sos

20.6

[0}

o4

=0.2 -

= 0.

Pre-AMI  Placebo PEP

S g0 Ejection Fraction
S~ l—|
S 60 ——
©

T 40

L

g 20 +

g ol

[imy Pre-AMI Placebo PEP
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EV AMI TRIAL
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DISCOVERY

Paul Stalboerger
Tim Peterson
Matt Hillestad
Zeji Du

Amanda Terlap
Skylar Rizzo
Monique Bagwell
Matt Hillestad
Mohsin Abbas
Humberto DeVitto
Parisa Kargaran

PRE-CLINICAL
Tyra Witt

Mary Nagel
Tiffany Griffiths
HISTOLOGY
Ryan Mahlberg

MAYO
CLINIC

&y
51
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Van Cleve Cardiac Regenerative Medicine Program

OMICS
Kent Arrell

NANO SCIENCE
Carmen Terzic
Sungjo Park

CLINICAL

Drew Rosenbaum, MD
Michael Sabbah, MD
Suraj Yalamuri, MD

Scientific Advisors
Andre Terzic
Scott Kaufmann

Clinical Collaborators
Steve Moran
Emanuel Trabuco
Rafael Sierra
Matt Houdek
Peter Amadio
Chunfeng Zhao
Andrea Boon
Saranya Wyles
John Occhino
Zaraq Khan

Timothy Moseley, PhD

Chief Technology Officer /| Owner

Direct Biologics, LLC

HQ: Austin, Texas

Former Members
Ramandeep Takhter
Christopher Livia
Cody Wyles

Kevini Ao Shi

Mark Li

Tyler Rolland
Dhyvia Meenakshi
Ruben Crespo-Diaz
Elli Jacobson

Matt Amontree

DIRECT QZQ BIOLOGICS®

©2023 Direct Biologics, LLC = Adl rights reserved

52
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DIRECT QZQ BIOLOGICS”

Direct Biologics is a Late-stage
biotechnology company focused on
directing the next paradigm shift in

medicine with its platform of therapeutics
called extracellular vesicles

3/‘}/2023 ©2023 Direct Biologics, LLC = All rights reserved

DIRECT QZQ BIOLOGICS®
ExoHo

* ExoFlo is a natural extracellular vesicle product isolated from
human bone marrow MSCs that contains growth factors and
extracellular vesicles including exosomes.

* Extracellular vesicles are 30-150 nm in size and are involved
in direct cell to cell communication.

* The extracellular vesicles are manufactured and purified using
proprietary cGMP processing and are sterile per USP<71>,

3/9/2023 ©2023 Direct Biologics, LLC = Adl rights reserved
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Anatomy of an
Extracellular Vesicle

Protein (cytokine / growth factor)
mRNA and miRNA

Membrane Receptors
(Tetraspanins/Integrins/HSPs)

Ceramide

A A A A
ARARRAA8W sphingomyelin
SAPAAAAGs  Phosphatidylserine
APLAAPe  Phosphatidylethanolamine
LALAAPAS® lyso-Phosphatidyicholine
MV A@@ Phosphatidylcholine
ARARANe® Phosphatidylinositol

V Cholesterol

A.V. Vlassov et al. / Biochimica et Biophysica Acta 1820 (2012) 940-948

DIRECT éé BIOLOGICS™

Mesenchymal Stem Cell EV and Exosome Signals

* Chemotaxis & Migration (e.g., MCSF, PDGF, SDF-1...)

* Angiogenesis (e.g., Angiogenin, PIGF, VEGF...)

* Extracellular Matrix Development & Repair (e.g., ICAMs, TIMPs...)

* Inflammation & Cell Survival Support (e.g., TGFBs, MIF, Interleukins...)

* Tissue & Wound Repair (e.g., bFGF, Activin, HGF...)
* Tumor Suppressor (e.g., DAN, OPN, IGFBPs..)

3/9/2023

©2023 Direct Biologics, LLC = All rights reserved
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Therapeutic Area P;:';?:;al Cllli\lnci::In :tt::::gs Phase | Phase Il Phase Il
COVID-19 ARDS Completed Completed Completed Completed In Progress
e Completed Completed Open-Label Expanded Access - Granted
RMAT Designation Completed Completed eIND - Emergency Approval for Single Patients
Post-Acute COVID Completed Completed In Progress TBD TBD
Mild-Moderate COVID Completed Completed In Progress TBD TBD
ARDS (non-COVID-19) Completed Completed In Progress TBD
UC / Crohn’s Completed Completed In Progress TBD
Organ Transplant GvHD Completed Completed In Progress TBD
Osteoarthritis Completed Completed TBD TBD TBD

57

COVID-19 & Acute Respiratory Distress Syndrome

tissue

injury
DAMP

immune cells

e 0 9
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inflammatory
cytokines

m ~

mild
fever, cough,myalgia, ...
moderate
pneumonia

9\ severelcritical

B &

Y
g

heart
AULNN G
brain kideny

liver

{_m,ultl&orea,nt'ﬂmy

SARS-CoV-2 infects via binding to ACE2 receptors,
causing tissue damage and release of inflammatory
cytokines by epithelial cells and immune cells.

Then, the crosstalk between epithelial cells and
immune cells leads to a wide range of clinical
manifestations:

* Mild forms (e.g., fever, cough, and myalgia)

* Moderate forms requiring hospitalization
(pneumonia and localized inflammation)

* Severe/Critical forms with often fatal outcomes
that are manifested as pneumonia, ARDS, DIC, and
multiorgan failure.

ARDS usually leads to formation of gel in the lungs
and patients require mechanical ventilation that has
an approximate 50% mortality rate.

Yang L, Xie X, Tu Z, et al. The signal pathways and treatment of cytokine storm in COVID-19, Nature-Signal Transduction and Targeted Therapy (2021) 6:255
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ExoFlo™ to Treat Severe ARDS from COVID-19

Investigator Initiated Trial (April 2020):
N=24 Severe ARDS patients with COVID-19 treated with 15mL ExoFlo
under hospital IRB and physician oversight

Acute phase reactants (CRP, ferritin, & D-dimer)
Before Treatment vs. 5 days post ExoFlo

e C-Reactive Protein (CRP) = 77% reduction (p<0.001)

* Ferritin = 43% reduction (p<0.001)

* D-Dimer = 42% reduction (p<0.05)

* Absolute Neutrophil Count (ANP) = 32% reduction (p<0.001)

Immune cell populations
* Total Lymphocyte Count = 36% increase (P < 0.05)
* CD3+ T Lymphocytes = 46% increase (p<0.05)
* CD4+ T Lymphocytes = 45% increase (p<0.05)
* CD8+ T Lymphocytes = 46% increase (p<0.001)

Sengupta V, Sengupta S, Lazo A, Woods P, Nolan A, Bremer N. Exosomes Derived from Bone Marrow Mesenchymal Stem Cells as Treatment for

59

Severe COVID-19. Stem Cells & Dev. 2020;29(12):747-754. doi:10.1089/scd.2020.0080

DIRECT QZQ BIOLOGICS"
ExoFlo™ to Treat Severe ARDS from COVID-19

Phase Il (Dosing Study) - Completed

Expanded Access (Safety & Efficacy Study) - Completed

Prospective, Double-Blind, Placebo Controlled, Randomized, Multi-Center Study
10mL or 15mL on Day 1 and Day 4 (Phase | was single 15mL Tx)
Primary outcome 60-day mortality

Completed successfully

Submitted for publication (expect to be In-Press soon)

Prospective, Open-label Trial, multi-center
50 patients per center

Phase Ill (Efficacy Study)

Prospective, Double-Blind, Placebo Controlled, Randomized, Multi-Center Study
Currently enrolling patients

©2023 Direct Biologics, LLC = Adl rights reserved
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e —
IT/IRB Clinical Study — Osteoarthritis Pain

A Study to Evaluate the Safety of a Bone Marrow Derived Mesenchymal Stem Cell Extracellular
Vesicle Isolate Product for the Treatment of Osteoarthritis in Combat Injured Joints

* Retired US Navy SEALS with joint pain (n=33)
* Prospective, Open Label, Non-Randomized

* Treat Grade 2-4 Kellgren-Lawrence OA Joints

* 2mlL EVs per painful joint (=132 joints)

* Primary Outcome = Safety | Completed! Zera Adverse Events = Safeiy,

* Secondary Outcome = Detailed joint specific pain questionnaires:

Pre-injection (baseline); 6 weeks; 3 mo; 6 mo; 12 mo

IT/IRB Clinical Study — Osteoarthritis Pain

Patient Progress vs. Time after ExoFlo injection into Joints (n=132)

Outcome Measures from Baseline to 1 Year

Percent Improvement at 12-Months .
* Lower Exiremity Functional (LEFS) = 67.45% » p—
(measure function - higher scores are better) 00 '

60.00

* Upper Extremity Functional (UEFS) = 49.97 %

(measure function - higher scores are better) , 5000
> Heiai Paln lovaniory (321) = 81.82% zmoo
(Lower Scores are less pain) " 3000 .
* Oswestry Disability Index (ODI) = 76.55% 20.00 )
(measure of function - lower scores are better) e Re ‘\“\o“—-
* QuickDASH (QD) =77.11% 0.00

Baseline 6 Weeks 3 Months 6 Months 12 Months

—-— . -

(measure of function - lower scores are better)

p < 0.001 for all timepoints versus pre-treatment baseline.

East, J., and Dordevic, M., Journal of Stem Cell Research 2021;2(2)-21.
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ARUNABIO

Blood brain Barrier: Exosome
Capabilities and Opportunities

March 9th, 2023

3/9/2023

DIRECT QZQ BIOLOGICS'
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Proprietary In-house Manufacturing and Production

Limited knowledge exists in manufacturing exosomes for therapeutic use in humans
THE

Cells are cultured and release exosomes into culture media

Challenges

— Exosomes are fragile: isolating, purifying and concentrating from media is difficult process

D[E »

Aruna has strong expertise in purifying and concentrating

exosomes
THE — Highly valuable know-how and trade secrets
Opportunity * In-house cGMP facility; currently scaling-up for production
of clinical material
« Ability to manufacture clinical grade batches, ultimately
scale to Phase 3 and potentially commercial batches
ARUNA 65

65

AB126: Specialized Exosome from Proprietary Neural Stem Cell Line

AB126 is an unmodified exosome derived from neural stem cells
with ability to cross the BBB and contain therapeutic activity in its native form

Non neural exosomes do not have AB126 has natural affinity for CNS
inherent CNS specificity

Crossing the Blood Brain Barrier

+ Markers on the surface of
AB126 resultin unique
properties specific to neural
cells

Therapeutic Capabilities

« Cargo contained in AB126 has
footprint unique to neural stem
cells

* Provides therapeutic benefit
for neurodegenerative
diseases and reducing neural

inflammation
Exosome fingerprint is unique to Aruna’s proprietary neural stem cells

ARUNA 66

66
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Exosomes Regardless of Species and Type Cross BBB

e Used 10 different
lines, all but one
crossed

e |evels of crossing
differed by 10 fold

e Rapid lineal,
plateau or in one
case no uptake

ARUNA

Brain:Serum Ratio

Brain:Serum Ratio
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20 40 60 80
Exposure Time (Minutes)
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Banks et al., 2020

Brain:Serum Ratio

Brain:Serum Ratio

Primary T Cell
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]
-
;

)

20 40 60 80
Exposure Time (Minutes)

3/9/2023

67

67

Confirming AB126 Distribution in the Disrupted and Inflamed Brain

ARUNA

68

Accomplished by labelling AB126 with indium-111 vs free I-111

Mice were injected 1 hr. post stroke and imaged 1 hr. after injection by
single photon emission computed tomography (SPECT)

AB126 was present in the infarcted hemisphere and preferentially

accumulates in the penumbra of the injury

* Translational Stroke Research (2018) 9:530-539

Brain

-
~ControI:ffee iridium

Indium-111 labeled AB126 presentin the infarctregion
1 hr afterinjection (red circles) - SPECT

34



3/9/2023

Preclinical Data — AB126 Has High BBB Permeability

AB126 Demonstrates Greater Brain Uptake, Distribution and Durability vs. Non-Neural Exosomes

AB126

‘

BASAL GANGLIA

ARUNA
69

Relative Brain Penetration Ratio

6.5
A 6
15
=10%
10
1 1
- =

(pjsia(Tnjisr) 90 min post IV 24 hours post IV

EAB126 mHEK 293

AB126 entered the brain 6x more efficiently than HEK293* exosomes post IV administration

*HEK293 is a widely available commercial cell line 69

Strategies for Enhancing Exosome Brain Delivery

Blood

Brain endothelial capillary cells

Brain

e RVG-exosome; Lamp2ba ligand-
decorating combined with rabies
virus glycoprotein (RVG), a small
peptide that specifically binds to
an acetylcholine receptor expressed

o)———0 by neuronal cells.

e TfR1 presence in some not all EVs,

can they be further enhanced

Receptor-mediated )_
transcytosis R
: LDLR
o Yo
INSR
GLUT1
>
CD98hc
Cell-penetrating
peptide
O O
Cationic CPP °®® g
Amphipathic CPP
Hydrophobic CPP

e Kim et al. used a T7 peptide, a TfR-
binding peptide, for the delivery of

Neurotropic virus

ARUNA

exosomes (. J. Control. Release
Z@Z 2020, 317, 273-281)

Choi et al., (review)
2023 Pharmaceutids

70
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AB126 Facilitates Tissue Repair Post Ischemic Stroke

Proprietary Porcine Stroke Model (West Lab)

* Ischemic stroke results in massive neuronal cell death, leading to severe neurological damage

» AB126 preserved cells, evident after only 24 hours, and continues to prevent tissue damage 3 months post-dosing

1 Day 3 Months

Control

Edema causes Tt g 5 Tissue preservation Loss of brain tissue Minimal tissue loss
midline shift blood from

and herniation hemorrhage

of brain tissue

7/8 control animals transitioned from ischemic to o . : .
hemorrhagic stroke vs. 0/8 AB126-treated animals Significant preservation of white matter with AB126

AR.]_JN A Source: Webb, et al. Human Neural Stem Cell Extracellular Vesicles Improve Recovery in a Porcine Model of Ischemic Stroke. Stroke, 2018. 7

71

AB126 Decreases Lesion Size: neurogenic and vasculogenic

2. AB126 demonstrated decreased lesion size e P e
vs control: 1.675 vs 3.237mm? (p=0.011)
— AB126 exhibited maintenance of the cortical

structure whereas vehicle and control mostly
exhibited tissue cavitation

Journal of
Neurotrauma

Iraumatic Brain Injury

Control NSC EV Treated

< rr e

&

A B B* Cw
T — 2 ae *
E. g . g
= e El -
y .
H o2 T 3o 58
TR IEENT
[E . 3, o,
- . z u
2. 2
Control NSC EV Control NSC EV Control NSC EV

Fig 1. In a rodent TBI model, AB126™ NSC EVs decreased
lesion area (A) and increased neurogenesis and angiogenesis as
demonstrated by Nestin+ NSCs (B) and VEGFR2+ VECs (C),
respectively. * p<0.05.

ARl-JN A *neurons (NeuN; green), reactive astrocytes (glial fibrillary acidic protein; red), macrophages and microglia (CD68; magenta) and 4'6-diamidino-2-phenylindole counterstain (blue) 72
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AB126 Can Carry Large Quantities of Payloads

\-~....
\:‘“" —

\--»..

AB126 Payload ABl'ZG * .
(siRNA to proteins) Cholesterol* siRNA (exterior)
and/or
ARUNA *Didiot et al., 2016 (Khvorova Lab) Unconjugated siRNA (interior)s

73

AB126 Transports Fluorescent Tagged siRNA Payload into
Neural Cell Line (N2a)

AB126 alone AB126 + siRNA
N2a are a neural cell line
Visible and measurable high
levels of fluorescent (pink/purple) tagged
SiRNA cargo in AB126 (lower right)
ARUNA

74
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AB126 Facilitates Delivery of siRNA to the Rodent Brain

Cerebellum Cortex Striatum
5 [ Free siRNA
[ AB126+siRNA
» Healthy mice were dosed systemically with
matching amounts of cholesterol siRNA or *
AB126 + cholesterol siRNA & *

* 72 hours post-administration, perfused brain
dissected and assayed for siRNA via gPCR

3
*
2
» AB126 delivers 2.1x (cerebellum), 3.4x
(cortex) and 3.5x (striatum) more siRNA to
the mouse brain compared to siRNA alone ;
0

ARUNA 75

75

Conclusion Limitations

e No two exosomes are alike in their ability to cross the BBB, much of the
mechanism is still unknown

Relative siRNA (a.u.)

Data are mean +/- std dev; *p<0.001]

e Neural exosomes (AB126) have unique and important qualities for neural
applications for regeneration and protection

e Exosomes can be loaded with various cargos and delivered to the CNS

e Further understanding of the mechanisms underlying the BBB crossing will
enhance EV utility

e Clinically approved exosome delivery in brain will benefit from better
guantitative and qualitative methods for monitoring delivery and function in vivo

ARUNA 76

76
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CONTACT:

Steve Stice
sstice@arunabio.com

LEADER IN THE DEVELOPMENT OF NEURAL

ARLJN AB|O EXOSOMES FOR THE TREATMENT OF

NEURODEGENERATIVE DISEASES

ol kbt og,,.
AC S @;@w‘,\‘Wmmmcwym,/};;g% :

R i

. e MR ///}}“/4’7

W Chemistry for Life® SR 4G
\Z\\\ -

www.acs.org/acswebinars

THE LIVE Q&A IS
ABOUT TO BEGIN!

Keep submitting your questions
in the questions window!
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Gain insight at the intersection of
science, tech and innovation

Connect with us at cas.org/insights

E8 Insight Reports Articles  [& Journal Publications

Topics:

Drug Discovery Emerging Science Consumer Goods Digital R&D Safety
Sustainability Intellectual Property ~ Synthetic Chemistry  Biotechnology Materials

CLICK - WATCH - LEARN - DISCUSS

AC S ) www.acs.org/acswebinars | ACS We bina rS
W Chemistry for Life®

Wed., March 15, 2023 | 2:00-3:00pm ET Thurs., March 16, 2023 | 2:00-3:00pm ET Wed., March 23, 2023 | 1:00-2:00pm ET
Successful Transitions: Strategies Toxicology 101: Chemicals and How Artificial Intelligence is
for Adapting to a New Role their Toxic Effects Changing Drug Discovery
Co-produced with the ACS Younger Chemists Committee Co-produced with the ACS Office of Career and Co-produced with the Science History Institute

and the ACS Committee on Ethics Professional Education

Register for Free ~ Browse the Upcoming Schedule at www.acs.org/acswebinars
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ACS
W Chemistry for Life®

www.acs.org/acswebinars

@ ACS Webinars

CLCK « WATCH - LEARN = DISCUSS

Learn from the best and brightest minds in chemistry!
Hundreds of webinars on a wide range of topics relevant to

chemistry professionals at all stages of their careers, presented

by top experts in the chemical sciences and enterprise.

° Edited Recordings

=9—— are an exclusive benefit for ACS Members with the
Premium Package and can be accessed in the
ACS Webinars® Library at www.acs.org/acswebinars

Live Broadcasts

of ACS Webinars® continue to be available free to
the general public several times a week generally
from 2-3pm ET. Visit www.acs.org/acswebinars to

register® for upcoming webinars.
*Requires FREE ACS ID

81
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ACS
W Chemistry for Life®

www.acs.org/acswebinars

@ ACS Webinars

CUCK » WATCH - LEARN = DISCUSS

ACS Webinars® does not endorse any
products or services. The views expressed in
this presentation are those of the presenter
and do not necessarily reflect the views or
policies of the American Chemical Society.

Contact ACS Webinars® at acswebinars@acs.org
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