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Human embryonic stem cells cell-lines
were established by Dr. James Thomson.

2006--

Dr. Shinya Yamanaka successfully
generated pluripotent stem

o cells.
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327553 5% (Embryonic stem cells):
1995-2015 22 % 3 30,728 K~ ¥

® Embryonic germ cells
EG-cells: 6

-

lan Wilmut (1996)

Sir John B. Gurdon (1958/1962)
John Gearhart (1998)

Web of Science” (1995 — 2015 )


https://www.google.com.tw/imgres?imgurl=http://pic4.nipic.com/20090721/3084982_223459003_2.jpg&imgrefurl=http://www.aitupian.com/0-%E4%BA%94%E7%BA%BF%E8%B0%B1.html&docid=6AqF6rJatuJoWM&tbnid=o9lHrsDyowuGjM:&w=1001&h=750&ei=pZRJVYO9B-PCmAXusIDQAw&ved=0CAIQxiAwAA&iact=c
http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://stemcellbioethics.wikischolars.columbia.edu/Module%2B1%2B-%2BThe%2BBiology%2Bof%2BStem%2BCells&ei=Uk1IVYL4M4G2mwWUj4CABA&psig=AFQjCNE6tUNYqMa6XAUFmxWlFg4ZAS0xkg&ust=1430888007550838
https://www.google.com.tw/imgres?imgurl=http://www.nobelprize.org/nobel_prizes/medicine/laureates/2012/gurdon_postcard.jpg&imgrefurl=http://www.nobelprize.org/nobel_prizes/medicine/laureates/2012/&docid=1KxKyGDJvgtBpM&tbnid=g_IAMFLzaNe45M:&w=280&h=396&ei=KIBJVZzIHsPPmwW0toC4Aw&ved=0CAIQxiAwAA&iact=c
http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.girardcollege.edu/page.cfm?p%3D383&ei=44RJVe2fAeitmAWt-oHAAw&psig=AFQjCNEWjSktDwvyOzF08xMqDhiZNuIKTw&ust=1430967865631732

e ————
srogenitorcells (Adu

-stem-cells)=

Neural stem cells
neural stem cell: 16,755

Skeletal-muscle stem cells

Cardiomyocyte
| stem cells

Lung stem cells

Hematopoietic stem cells _
- Endothelial stem cells
hematopoietic stem cells: 38, L )
W f ~
Bone marrow - Dentalpup stem cells
Mesenchymal stem cells - g

W ntestinal epithelium stem cells
Publication number: By “Web of Science” (1995 — 2015 )

mesenchymal stem cell: 42,(5 1
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Medical devices

Infrastructure

Therapeutic product

&+ % Small molecule drug
3% ## Macromolecule drug

Pharmaceuticals

Healthcare need

Infrastructure I

Medical devices

Core technologies

Chemistry

Genetic engineering
Monoclonal antibody

Industry

Pharmaceutical Industry
Biotech

¥ %4 Medical device Physics Medical Device Industry
Engineering
w% o4 Cell therapy Cells Cell Therapy Industry

Tissue engineering

Regen. Med. (2011) 6(3), 265272



Cell therapy

Cell therapy Is a sub-type of regenerative medicine.

Cell therapy describes the process of introducing
new cells (stem cell) into a tissue In order to treat a

disease.

Autologous Cell Therapy

Allogeneic Cell Therapy
These cells will be expanded in a manufacturing facility and
cryopreserved for therapeutic doses.

The methodology fits the pharmaceutical model of drug
manufacturing - Cell drug.




Regeneration medicine
in 20" century

. Human—human blood transfusion,
“tF Nobel Prize 1912 Nobel Prize 1930
« I 1902 - demonstrated end-to- 1909 - discovery of human A, B,
y 1| end anastomosis of blood AB, and O blood groups.
I || vessels. 1910 - demonstrated
4 the use of blood-vessels as

“ transplants in surgery.
Alexis Carrel Karl Landsteiner

- Bone marrow and organ transplantation

Nobel Prize 1990 Nobel Prize 1990
1954 - the first 1968 - Bone marrow

successful human transplantation was first
kidney transplant. successful in patients.

Joseph Edward Murray Edward Thomas

. Reproductive In vitro fertilization.

Nobel Prize 2010
1978 — IVF was first developed by Robert Edwards

. ﬂ‘ and Patrick Steptoe and the first "test-tube baby"
sl was born under their care in 1978.

Robert Edwards



Regeneration medicine
in 21" century

PERSPECTIVE www.SciencelranslationalMedicine.org 3 April 2013 Vol 5 Issue 1/91/9ps/

INNOVATION

Cell-Based Therapeutics:
The Next Pillar of Medicine

Michael A. Fischbach,'?* Jeffrey A. Bluestone,? Wendell A. Lim'***

Two decades ago, the pharmaceutical industry—long dominated by small-molecule
drugs—was revolutionized by the the advent of biologics. Today, biomedicine sits on the
cusp of a new revolution: the use of microbial and human cells as versatile therapeutic
engines. Here, we discuss the promise of this “third pillar” of therapeutics in the context
of current scientific, regulatory, economic, and perceptual challenges. History suggests
that the advent of cellular medicines will require the development of a foundational
cellular engineering science that provides a systematic framework for safely and predict-
ably altering and regulating cellular behaviors.
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Regeneration medicine
in 21t century

Cell Stem Cell

Stem Cell Therapies in Clinical Trials:
Progress and Challenges

Alan Trounson'* and Courtney McDonald’

'Hudson Institute for Medical Research, 27-31 Wright Street, Clayton, VIC 3168, Australia
*Correspondence: alan.trounson@hudson.org.au
http://dx.doi.org/10.1016/|.stem.2015.06.007




Table 1. ESC Trials

Trial Sponsor (Location) Disease Target Cell Therapy No. Patients  Phase
Chabiotech Co. Ltd. (S. Korea) macular degeneration human-ESC-derived RPE 12 phase I/l
Ocata Therapeutics (MA, USA) Stargardt’s macular dystrophy  human-ESC-derived RPE 16 phase l/Il
macular degeneration human-ESC-derived RPE 16 phase l/Il
myopic macular degeneration  human-ESC-derived RPE unknown phase l/Il
Plizer (UK) macular degeneration human-ESC-derived RPE 10 phase |
Cell Cure Neurosciences Ltd. (Israel) macular degeneration human-ESC-derived RPE 15 phase /Il
ViaCyte (CA, USA) type | diabetes mellitus human-ESC-derived pancreatic 40 phase /Il
endoderm cell
Assistance Publique-Hopitaux de Paris  heart failure human-ESC-derived CD15+ Isl-1+ 6 phase |
(France) progenitors
International Stem Cell Corp. (Australia)  Parkinson’s disease human parthenogenetic-derived neural  unknown phase /Il
stem cells
Asterias Biotherapeutics (CA, USA) spinal cord injury human-ESC-derived oligodendrocyte 13 phase /Il

precursor cells




Table 2. Neural Stem Cell trials

Trial Sponsor (Location) Disease Target Cell Therapy No. Patients ~ Phase
City of Hope recurrent high grade gliomas ~ E. Coli CD-expressing neural stem cells 24 phase 1
(CA, USA)
recurrent high grade gliomas carboxylesterase-expressing neural 53 phase |
stem cells
Neuralstem Inc. (MD, USA) ALS fetal-derived neural stem cells 18 phase |
ALS fetal-derived neural stem cells 18 phase ||
chronic spinal cord injury fetal-derived neural stem cells 4 phase |
ReNeuron Ltd. (UK) stroke human neural stem cells 12 phase |
stroke human neural stem cells 4 phase ||
lower limb ischemia human neural stem cells 9 phase |
Stem Cells Inc. (CA, USA) neuronal ceroid lipofuscinosis ~ human CNS stem cells 6 phase |
cervical spinal cord injury human CNS stem cells 50 phase ||
macular degeneration human CNS stem cells 15 phase I/l
thoracic spinal cord injury human CNS stem cells 12 phase I/l
Pelizacus-Merzbacher disease  human CNS stem cells 4 phase |
TRANSEURO (UK) Parkinson’s disease fetal-derived dopaminergic cells 40 phase |

Wroclaw Medical University (Poland)  spinal cord injury olfactory ensheathing cells, autologous 10 phase |




Table 3. Placental Stem Cell Trials

Trial Sponsor (Location) Disease Target Cell Therapy No. Patients ~ Phase
Celgene Gorporation (NJ, USA) stroke (terminated) human placenta-derived cells 44 phase |l
pulmonary sarcoidosis (terminated)  human placenta-derived cells 4 phase |
CD human placenta-derived cells 14 phase |
MS human placenta-derived cells phase |
peripheral artery disease human placenta-derived cells 24 phase |
theumatoid arthritis human placenta-derived cells 26 phase |l
Karolinska Institute (Sweden) GVHD decidual stromal cells (MSC-lke) 30 phase I/l
hemorrhagic cystitis decidual stromal cells (MSC-like) 12 phase /I
Prince Charles Hospital/Mater Medical  idiopathic pulmonary fibrosis placental mesenchymal stromal cell 8 phase |

Research Institute (Australia)

New York Medical College (NY, USA)

immune disorders

human placental-derived stem cells 30

phase |
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J-TEC prowded the

®
Prochymal autologous cultured epidermis (JACE)

=
anada (1) EMA (3) Korea (1 Japan (2)
Prochymal (2012) | ChondroCelect (2009) : Chondron (2001) JACE (2007)
MACI (2013) Holoderm (2002) JACC (2012
Provenge (2013) Kaloderm (2005,2010)

Keraheal (2006)
USA (10) Glybera (2012) EES CreaVax-RCC (2007)
Carticel (1997) -~ Immuncell-LC (2007)
Provenge (2010) NKM (2007)
Laviv (2011) Hyakgraft-3D (2007)
Gintuit (2012) N Innolak (2007)
Hemacord (2011) < Adipocell (2008)
HPC, Cord Blood (2012) ~ RMS Ossron (2009) Singapore (2)
Ducord (2012) ~ AlaEn B Chondrotransplant
Allocord (2013) QeenCell (2010) Cartonon s
TheraCys (2013) CureSkin (2010) g.

LSK Autograft (2010
PG CordBlood (20131 HearticelﬁramEAw (}2011} Australia (3)

Cartistem (2012) ReCell/CellSpray

i Cartogen
MPCs

New Zealand (1)
|Pr0chymal(2012} |
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The world first stem

Os1ris

The treatment of graft-versus-host disease
(GVvHD) by Prochymal®

® Prochymal is the first stem cell
drug based on mesenchymal stem
cells derived from adult bone
marrow.

® |t has been approved by Canada
and New Zealand for treatment of
acute graft-vs-host disease
(GvHD).

® [t is an allogeneic stem cell
therapy.

A day +18 GvHD IV° B day +86 GvHD I-II°
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http://www.biomedcentral.com/1755-7682/4/27/figure/F1
http://www.biomedcentral.com/1755-7682/4/27/figure/F1
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POST BU  to market. It won a contract from the Defense
u.. Deal B¢ Department potentially worth $224.7 million to develop

By Zachary A. Gol

westratn Poss - the drug Prochymal to treat military personnel who are
For 16 years, a exposed to radiation from nuclear or radiological attacks.

been developing

derived from healthy bone marrow samples, to treat | %
severe inflammatory diseases that can destroy the body's

\ ——
organs. @"h ji\m
On Thursday, publicly traded Osiris Therapeutics scored 8-
a new customer it hopes will help it bring the treatment  —pzmmss Depanmem TR T 7
to market. It won a contract from the Defense buy from Columbia's Osiris up to 20,000 doses

Department potentially worth $224.7 million to develop 10 550 A dose (Bloomton e s "

the drug Prochymal to treat military personnel who are

A : i 7 Enlarge Photo
exposed to radiation from nuclear or radiological attacks. -
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I Events leading up to the provision of JACE for burn patients in Taiwan

J-TEC has provided the autologous cultured epidermis “JACE" for free to patients who were injured in the dust

explosion accident in Formosa Fun Coast in Taiwan on June 27 of this year. When about two weeks passed after the
accident, J-TEC received a request to provide JACE by the Taiwan FDA. Medical cooperation has already been
provided from around the werld in various ways, but this was a request to provide JACE for patients in especially
serious condition. Why did the Taiwan FDA make the request to J-TEC instead of others? Although it was coincidental,
there have been recommendations for JACE to the Taiwan FDA from two different routes, including government
officials and the academia, that have known J-TEC well. Through the accumulation of treatment results over eight
years since 2007, when J-TEC obtained manufacturing and sales approval for JACE in Japan, the existence of JACE
has also become recognized overseas.

J-TEC's corporate philosophy starts with a line that reads, “J-TEC intends to become necessary to society through
developing the regenerative medicine industry.” | am delighted to see that JACE has become necessary to society and
that it could contribute to international emergency medical treatment. J-TEC has received a letter of appreciation from
the Legislative Yuan (i.e. legislature of Taiwan). At the same time, a letter of appreciation was sent to the developer,
Dr. Howard Green (Emeritus Professor, Harvard Medical School).
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I sincerely wish for the smooth recovery not only of the five patients who underwent the JACE transplant surgery but
also of all patients injured in the recent accident, and pray that their lives will return to normal.

A 2

October 30, 2015

President & CEO
Japan Tissue Engineering Co., Ltd.
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Autologous cultured epidermis JACE



CAR technique

BLOG ABOUT GUESTBOOK NEWS CONTACT DONATE

Chimeric Antigen Receptor (CAR)

,«‘f}‘fp /,“%\Z% ® Step 1: Create monoclonal antibodies
e variable 4 %

e
9

o mice or human tumor cells in lab

constant

- Signal d
-~ HI, I'M EMILY

heavy chaan
22 I am 10-years old and | fought
‘= cancer three times. This journal
g = is about my life after cancer.
'§ Click on my photo to read my
3 story! Thank you for visiting!
e Step 2: Create single chain variable S
fragments (scFv’s) i ARCHIVES
V4 and V, obtain from antibodies . e
to make scFv g '
o
-8 = Intracytoplasmic
e Step 3: Zeta chain from T-Cell = ‘

signalling complex attached by
spacer.
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Major cell types (85% of all trials) -

HSPC (MB, BM, CB)

adipose SVF

BM MN;»
I”
L
immune cells total

MSC total

-~

138

Cell therapy clinical trials — 2014 Report

2% 2% 1%1%

Immune cells

11%

®CAR T-cells (33)

™ other gene-modified T-
cells (10)
virus-specific CTL (15)

" other T-cells (15)

EDC (31)

" NK cells (10)

" T-regs (6)

= CIK/ CIK-DC (8)
tumor cell line (4)

™ lymphocytes / DLI (3)
TIL (2)

®unknown immune cells

(2)
macrophages (1)

MSC source

1%
3% 1% 1% 1%

EBM (62)

¥ umbilical cord (25)

¥ adipose tissue (17)

®placenta (5)

¥ cord blood (3)
endometrium (1)

® amniotic membrane (1)
oral mucosa (1)

®igament (1)
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L2 g F (regenerative medicine): % it # %

Oz

L2 FF A

& (regenerative medicine) :
“Regenerative medicine replaces or regenerates human cells, tissue or

organs, to restore or establish normal function”_Regen. Med. (2011) 6(3), 265-272 ./
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Stroke

Traumatic brain injury
Multiple Sclerosis
Alzheimer's disease
Parkinson's disease

Missing teeth

Wound healing

Bone marrow
transplantation
(currently established)

Spinal cord injury -

Osteoarthritis <4
Rheumatoid arthritis

Crohn's disease

Blindness
Deafness

Amyotrophic lateral-
“. sclerosis

Myocardial
infarction
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USA (10)
Carticel (1997)
Provenge (2010)
iv(2011)
Gintuit (2012)

HPC, Cord Blood (2012)
Ducord (2012}
Allocord (2013)
TheraCys (2013)

HPC, Cord Blood (2013)

Cell Stem Cell

Stem Cell Therapies in Clinical Trials:
Progress and Challenges

Alan Trounson'’* and Courtney McDonald’

THudson Institute for Medical Research, 27-31 Wright Street, Clayton, VIC 3168, Australia
*Correspondence: alan.trounson@hudson.org.au
hittp://dx.doi.org/10.1016/j.stem.2015.06.007

ClinicalTrials.gov

A service of the U.S. National Institutes of Health

Find is About Clinical About This Site

Home > Find Studies > Search Resuilts

5029 studies found for: stem cell therapy
Modify this search | How to Use Search Results
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EMA (3)
ChondroCelect (2009) b
MACI (. 2013)

Provenge (2013)

Korea (18)

Chondron (2001)
Holoderm (2002)
Kaloderm {2005,2010)
Keraheal (2006)
CreaVax-RCC(2007)
Immuncel I-LC(2007)
NKM (2007)
Hyakgraft-3D (2007}
Innolak (2007)

Japan (2)
JACE (2007)
JACC (2012)

Glybera (2012) §}“)§ 29

d(2011) Adipocell (2008)
RMS Ossron (2009) Singapore (2)
AutoStem (2010}
QeenCell (2010) Chondrotransplant
CureSkin (2010) Saee
LSK Autograft (2010) .
Hearticelf-am-ami(2011) | Australia (3)
Cartistem (2012) ReCell/CellSpray
Cupistem (2012) Cartogen

MPCs

Prochymal (2012)

New Zealand (1)
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B Taiwan FDA (TFDA) was inaugurated on Jan. 1st, 2010

® Four Bureaus of Department of Health was integrated
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‘ H Stem cell therapies [ Stem cell banking [ Stem cell ancillaries

Figure 1| Stem cell market. Projected revenues 2011-2016. Source: Visiongain. Nature, 2013
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| * jn vitro fertilization
The

LT (> 600m people were made by IVF. )
Baby V., J)

* human embryonic stem cells

* patient's right

Robert G. Edwgé
for the development
fertilization
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[From B (bench) to B (bed side) and P (products); BBP]
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The quality of the cells

- GTP

- pic/s GMP (pharmaceutical
inspection co-operation scheme)

4

A 0.9, =
Preclinical animal model Clinical trail application Products
- the potential of the - Indication in Cell therapy
cells for therapy - The results for cell mode
- Small animal model - The results for animal model
- Large animal model - IRB review
Quality of Preclinical animal studies The project of clinical trail - Review -
cells - prove the concept informed concerned phamacology/
toxicology,

CMC, Ethical issue
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