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CNS Tissue Enginering

Neural tissue engineering with structured hydrogels in CNS models and
therapies, Biotechnology Advances, VVolume 42, 2020,107370



Model systems:
- Cerebral cortex
- Cerebellum

- Hypothalamus

Neural
development

Neural stem )

cell differentiation e.g. Cerebral cortex
% Oligodendrocyte

Program 2: Identifying how abnormal neural stem cell biology contributes to disease

iy Disorders:
o) Developmental - Hydrocephalus
. defects - Macrocephaly
Abnormal neural ) - Autism
stem cells - Brain cancer

e.g. Hydrocephalic

. .. .. cerebral cortex
Figure 1: The two programs comprising my research vision
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The growth of the APAC
market s atnbuted 0 the
increasing  pharmaceutical
R&D spendmng. the growing
trend of outsourcing drug
discovery services, growing
life scences research, and

increasing government
Inittatives  for  heaithcare
research
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CAGR

12.4%

in this market.
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The global cell & gene the@apy manufacturng services market s
projected to reach USD 13 8 billion by 2026 from USD 7.7 billon in
2021, ata CAGR of 12 4% dunng the forecast penod

l] Growth in this market is primarily driven by the high incidence of cancer and other
target diseases, increasing investments in pharmaceutical R&D, investments in
advanced technologies by COMOs, and increasing partnerships & agreements
between pharmaceutical companies and CDMOs

The rising demand for cell & gene therapies and increasing number of cell & gene
therapy clinical trials are expected 10 offer growth opportunites for players operating
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* There are 64 approved ATMPS.
« CTMP group, with 34 products, is the largest class.

e The T=F and GTMP groups, with 20 and 10 products,
follow in order.
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Under developed products

STEMTRA

Traumatic Byain Injury

Stempeucel ' |
Critical Limb Ischemia

\.

DAOL1 cell therapy
arkinson

-

AM{l?;O /
Huntington

Stemilac or
Stemirac

Spinal Cord Injury

/ Stroke

- Alzheimer

+

+ ReNeuron's CTX

’ \ CERE-110



« Hematdiogic Disorders (23 5%)

» Skin ang Soft Tissues Disodes (23 5%
« Orthopedic Disorders (17.6%)

* Oncology (8.8%)

« Inmunologicsl Disorders (17.6%)

- Cardiovascular Diseases (6.0%)

- Neurogegenentive Diaseses (3.0%)




CTMPs & Spinal Cord Injury

v" From Wheelchair to
Walking Again With
ANOVA IRM Stem
Cell in Germany

1l treatment for spinal-cord injuries will soon be available in Japan.

Japanese Stem-cell therapy
raises concerns

Independent researchers warn that approval is premature.
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Two decades of global progress in authorized Advanced Therapy Medicinal Products: An

emerging revolution in therapeutic strategies. Frontiers in Cell and Developmental Biology.
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= Cncology (64.4%)

» Hemalologic Disorders (14.3%)
Cardiovasculsr Diseases (7.1%)
Neurcdegeneradve Disseses (7.1°

Ccular Diseases (7.1%)
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v' The Ohio State team developed the gene therapy uses a
viral vector to carry DNA-expressing aromatic L-amino
acid decarboxylase (AADC) to the brain.

I
e

This technigue could eventually be used to treat more
common brain diseases, like Alzheimer’s and
Parkinson’s
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Two decades of global progress in authorized Advanced Therapy Medicinal Products: An
emerging revolution in therapeutic strategies. Frontiers in Cell and Developmental Biology.
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u Skin & Scft Tissue Discroers (60.0%)

u Orthopedic Discrders (15.0%)

» Cardiovascular Diseases (10.0%)

« Cecular (15.0%)




Key vendor/manufacturers in the market:

B Braun
«Johson & Johson,...

Collagen

Suture Pull Out Leak Resorption
Source

Dural Repair Product Strength® Resistant*® Time*

Conformability

DuraMatrix-Onlay® Plus Bovi;u:nl';g:illes Completely Low? Yes 8 weeks

DuraMatrix* Suturable IMT;t quine Highly Very High Yes 9 months
ermis

DuraMatrix-Onlay® Bov!lr-\eenAd(;:Illes Highly Moderate? Yes mir_n'i 5

DuraMatrix® Bov;[\:nAdzzilles Moderately High Yes mi;‘z, %

1 Indicated for onlay application; Suturing is not required, but tensionless, atraumatic stay sutures may be used if desired.
2 Indicated for onlay application; Suturing is not required, but if desired, minimal tension sutures may be used.

3 Rabbit duraplasty study: Data on file at Collagen Matrix, Inc.

“The results of pre-clinical and in vitro studies may noet be indicative of human clinical outcomes.

Sn vitro data on file at Collagen Matrix, Inc.




v' Market size surpassed USD 1.6 billion in 2019 and is projected to
achieve over 18.6% CAGR up to 2026.

ARTIFICIAL DISC MARKET  Global Market !rwsghtsA

CAGR (2020-26) Market Value ' N market share
S | (2019): 50%

Lumbar artificial Metal-on-biopolymer .
disc segment segment (2019)

2022 2023 2024 2025 >$5'6| BN

CAGR (2020-26):18.6%  _ ~2°
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Two decades of global progress in authorized Advanced Therapy Medicinal Products: An

emerging revolution in therapeutic strategies. Frontiers in Cell and Developmental Biology.
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Keraheal-Allo
Resmir
Chondron
RMS- Ossron
Cartistem
CreaVax-RCC
Immuncel-LC
Cupistem
Celigram-AMI
Neuronatar
Holoderm
Kalogderm

Temcell HS
Hearnsheet
JACC
JACE

ChondmcytaoT-Onho-ACl

- CardioCel

Gendiine
Onconne
2 Products in TEMP




Regenerative Projects ... Q

This is an ongoing mapping of restorative

and regenerative projects around the @ @ \9

world. For more information, expand this

Regenerative Projects

Q Australia: Greening Australia

[t
O g ™
Q@ Australia: Kachana Land Restoration Fmein

Q Australia: Rehydrating the Landscape

focosis
©Q Australia: Regenerate Australia WVenezuclo)
Q Australia: Yarra Yarra Biodiversity Corridor ettt
Q Australia: Western Australia Wheatbelt i
9 Belize: Bacalar Chico Dive Camp
" Fam
9 Belize: Coral Reef Restoration

9 Belize: Maya Mountain Research Farm

©Q Borneo: How to Restore a Rainforest

9 Brazil: Ernst Gotsch's Farm

Q Brazil: Fazenda da Toca

Q Brazil: Instituto Terra

9 Brazil: Pouso do Rochedo

Q Burkina Faso: The forests of Lilengo

9 Burkina Faso: Reforesting with ancient A...
Q China: A man plants a forest

O China: Fen-Civilization
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https://www.bfi.org/

Neurological
Joint
Cardiovascular
GvHD
Pulmonary
IBD

Liver
Diabetes
Bone

Skin

Muscle

Condition

Reproductive @Phase 1
Kidney DOPhase 2
Cancer OPhase 3

Other

0 25 50 75 100 125 150
Number of Trials

Trends in mesenchymal stem cell clinical trials 2004-2018: Is efficacy optimal in a narrow dose range?

2019 Advanced Cell Therapy Trial Locations

® China

M United States

W Japan
South Korea
Spain

W France

m [taly

© Germany

W Taiwan

M ran

m Others (34)

24



NERVOUS SYSTEM: 4

I:PARKlNSON'S: 3
SPINAL CORD INJURY: 1

GERMANY: 1 IRAN: 1

CHINA: 1

[ JAPAN: 10

AUSTRALIA: 2

US: 4 -

25



Among the ongoing programs, 59% include gene therapy products
intended to treat rare diseases.

m Solid Cancers m Hematological Malignancies
m Infectious Diseases = Neurological Disorders
Eye Disorders m Other

m Blood Disorders 6

Clinical Development of Gene Therapies.: The First Three Decades and Counting, 2020



v" The potential for commercialization of gene therapies is now
being realized by the biotechnology and pharmaceutical sectors.
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Current Status in Iran
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« Iran 1th inislamic country |
« Iran is top 20 countries in publication. ¢ AN

2018 Top 20 Countries in Publication ) 5
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Established in 1991 by the late Dr Saeid Kazemi Ashtiani and his
colleague in in Iran university of medical sciences.

In 2002, the research fields in Royan Institute extended into stem cell
studies as well.
Success rate of infertility treatment & cell therapy clinical services.

32



First time use of adult stem cells in the treatment of MI during CABG in Iran, 2004.
Establishment of the first Private Cord Blood Bank in Iran, 2005.

Establishment of cell therapy pre-hospital, 2011.

Establishment of Stem Cell Bank, 2011

Products that are being developed included Mesenchymal stem cells (ChymiaCell),
Keratinocyte sheet, Bilayer skin.

Advanced Therapy Medicinal
Product Technology Development
Center (ATMP)

Royan Center for Innovative
Technologies Acceleration and
Commercialization (RITAC) 33




Today, 80 disease have been treated with hematopoietic stem cell

First Iranian stem cell transplantation center established at 2007

18 stem cell transplant center grafted 1200-1500 stem cell annually,

right now.
g 5y Vo £ Gles eb Sl
Agaie dypaiio liw)lay autologous g Al 4y
(=i (5 liaw ) laws autologous (a5 Al A yiss
Againe aypaiio ;liw)lay autologous (§20 L] Al PF yuuy
Againe dypaiie ¢yliw)las autologous cP Al ¥ sy
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Pediatric stem cell transplant center established at 2016.

First stem cell grafted on a 5 years child with LAD disease at
2016.

Today, stem cell transplant on SMA, Neuroblastoma and ....
Diseases.

35



v" Founded in 1994 with the goal of manufacturing hi-tech
products in biotechnology and related fields.

v" Products on cell therapy are amniosin, cell-amniosin
and amniodisck

Our

Ambition

is Beyond
Imagination 36
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« Founded in 2013 with the goal of manufacturing cell
therapy products

 Renudermcell, mesestrocell and recolorcell
 Vartocell for cerebral palsy
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* The cost per stem cell treatment is between
us$10000 and us$60000, excluding travel expenses

Table 2. Leading clinical indications for stem cell therapy (after
Connolly et al.')

Descending rank Clinical indication

Multiple sclerosis
Anti-ageing

Parkinson’s disease

Stroke

Spinal cord injury

Cerebral palsy

Autism

Amyotrophic lateral sclerosis
Alzheimer’s disease

Arthritis

w00~ W

=
o
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-alifornia cities with
or-profit stem cell clinics

alifornia has more consumer stem cell clinics than
ny other state. Clusters are in the Bay Area, greater
os Angeles and San Diego. With 18 businesses,
everly Hills has the highest concentration of

linics. The numbers are based on a 2016 survey of
linics marketing stem cell therapies online.

NORTHERN CALIFORNIA

100 MILES
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urces: 2016 paper “Selling Stem Cells in the USA: Assessing the Direct-to-Consumer Industry,” published in the journal Cell Stem Cell; Maps4News

Todd Trumbull / The Chronicle

Best Neural Stem Cell Therapy Hospitals in



CBC Health AG
Stem cell clinic, Germany

Hospital Quirdnsalud Barcelona
Private Hospital, Spain

C8C Health offers umbilical cord blood treatments for ischemic stroke sunivors (among
others) around the world, Our parent company, Cord Blood Center Group, has + 20 years
of expenience providing therapeutic components with above-average guantities of
nucleated ceils

i

Quirdnsalud Hospital Barcelona is the benchmark for private heathcara in southern
Europe, providing world-class service for the past seventy years.

Listed stem cell specialist:
Dr. Niis H. Thoennissen MD Condlnons ueated \\fﬂ] Stem Cens:l'?.\ 2>
Head Physician
Procadure Pricas
Conditions treated with stem cells: Leuksemis upon request
Mysloma upon request
Procedure Pricss
L 8 {$tem Call Thet
Muttipie Scisrosis dibi TegEeEt o | repy) upon request
stroke upon request Arthrfis upon request
Cereoral Palay upon request Hemiplagla upon request
Umbilical Cord Blood Treatment upon request Cartliag Reganeration upon request
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Conclusion

. There is enc ttial i
human stem cell research Both adult
and embryonic stem cells should be
studied.

e Much research needed before
therapies are realized.

41



Update review on five top clinical -" ations of human amniotic membrane in
regenerative medicine. Placenta. 2021

A stem-cell treatment for spinal-cord injuries will soon be available in Japan, 2019 Springer
Nature Limited.

International stem cell tourism: a critical literature review and evidence-based
recommendations. International health. 2021

Review of the Current Trends in Clinical Trials Involving Induced Pluripotent Stem Cells.
Stem Cell Reviews and Reports. 2021.

Progress in clinical trials of cell transplantation for the treatment of spinal cord injury: how
many questions remain unanswered?. Neural Regeneration Research. 2021 Mar 1;16(3):405.

Clinical Development of Gene Therapies: The First Three Decades and Counting.
Molecular Therapy-Methods & Clinical Development. 2020.

Trends in mesenchymal stem cell clinical trials 2004-2018: Is efficacy optimal in a narrow
dose range?. Stem cells translational medicine. 2020 Jan;9(1):17-27.

Current state of stem cell-based therapies: An overview. Stem cell investigation. 2020.

Global trends in clinical trials involving pluripotent stem cells: A systematic multi-database
analysis. NPJ Regenerative medicine. 2020.

scoping review of trials for cell-based therapies in human spinal cord injury. Spinal cord.
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