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@ Source of stem cell?
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Source of stem cell?-variant ESC
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adult stem cell/tissue stem cell
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Adult Stem Cells Support These Body Systems

MNervous System Dagestive System Muscular Systeém

Chreulatory System Respiratory System
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Source of stem cell?-mimic ESC
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2006 “Cell” -> 2013 Nobel prize

Induction of Pluripotent Stem Cells
from Mouse Embryonic and Aduit
Fibroblast Cultures by Defined Factors

Kazutoshi Takahashi' and Shinya Yamanaka'2*
"Department of Stem Cell Biology, Institute for Frontier Medical Sciences, Kyoto University, Kyoto 606-8507, Japan

2CREST, Japan Science and Technology Agency, Kawaguchi 332-0012, Japan
*Contact: yamanaka@frontier.kyoto-u.ac.jp
DOI 10.1016/j.cell.2006.07.024

il

Shinya Yamanaka MD
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National change of world stem cell Initiative
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Stem cell type Potency Tissue source

Embryonic stem cells Pluripotent Blastocyst

Induced pluripotent Pluripotent Skin fibroblasts, keratinocytes, T cells,

stem cells [reprogrammed| hepatocytes, other somatic cells

Fetal stem cells Multipotent Fetal blood, bone marrow, liver, lung,
kidney, pancreas

Adult stem cells Multipotent Hematopoietic stem cells, mesenchymal
stem cells:

umbilical cord, adult tissues (peripheral
blood, bone marrow, synovial membrane,
periosteum, adipose tissue, dental pulp]




Summary 1

Pluripotent Stem Cells

Crotpotent )

In viva
fertilized egg

Induced pIuripotent ,igi'c
l Stem Cell (|PSC)

Eullﬁ't!d. Flunpnbam
undiffearantiated S

stem cells ._
— @5’?

\\ Blood cells

Adult Stem Cell ““*™=  Embryonic
(MSC/HSC) Stem Cell (ESC)

Oct4 KIf4 Sox2 c-Myc
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3} South Korea, spotlighted!

Articles .

Future life expectancy in 35 industrialised countries:
projections with a Bayesian model ensemble

Vasilis Kontis*, James E Bennett*, Colin D Mathers, Guangquan Li, Kyle Foreman, Majid Ezzati

Summary

Background Projections of future mortality and life expectancy are needed to plan for health and social services and
pensions. Our aim was to forecast national age-specific mortality and life expectancy using an approach that takes
into account the uncertainty related to the choice of forecasting model.

Methods We developed an ensemble of 21 forecasting models, all of which probabilistically contributed towards the
final projections. We applied this approach to project age-specific mortality to 2030 in 35 industrialised countries with
high-quality vital statistics data. We used age-specific death rates to calculate life expectancy at birth and at age
65 years, and probability of dying before age 70 years, with life table methods.

Findings Life expectancy is projected to increase in all 35 countries with a probability of at least 65% for women and
85% for men. There is a 90% probability that life expectancy at birth among South Korean women in 2030 will be
higher than 86-7 years, the same as the highest worldwide life expectancy in 2012, and a 57% probability that it will
be higher than 90 years. Projected female life expectancy in South Korea is followed by those in France, Spain, and
Japan. There is a greater than 95% probability that life expectancy at birth among men in South Korea, Australia, and
Switzerland will surpass 80 years in 2030, and a greater than 27% probability that it will surpass 85 years. Of the
countries studied, the USA, Japan, Sweden, Greece, Macedonia, and Serbia have some of the lowest projected life
expectancy gains for both men and women. The female life expectancy advantage over men is likely to shrink by 2030
in every country except Mexico, where female life expectancy is predicted to increase more than male life expectancy,
and in Chile, France, and Greece where the two sexes will see similar gains. More than half of the projected gains in
life expectancy at birth in women will be due to enhanced longevity above age 65 years.

Interpretation There is more than a 50% probability that by 2030, national female life expectancy will break the
90 year barrier, a level that was deemed unattainable by some at the turn of the 21st century. Our projections show
continued increases in longevity, and the need for careful planning for health and social services and pensions.

@
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World records, rapidly aging in South Korea
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No feasible therapeutic options in osteoarthritis
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15t MISC clinical trial in 1995

Format: Abstract - Send to ~

Bone Marmow Transplant. 19585 Oct; 16({4):557-84.

Ex vivo expansion and subsequent infusion of human bone marrow-derived stromal progenitor
cells (mesenchymal progenitor cells): implications for therapeutic use.

Lazarus HM', Haynesworih SE, Gerson SL, Rosenthal NS, Caplan Al

# Author information

Abstract

We report a phase | trial to determine the feasibility of collection, ex vivo culture-expansion and intravneous infusion of human bone
marrow-derived progenitor stromal cells (mesenchymal progenitor cells (MPCs)). Ten milliliter bone marrow samples were obtained from 23
patients with hematologic malignancies in complete remission. Bone marrow mononuclear cells were separated and adherent cells were
culture-expanded in vitro for 4-7 weeks. Autologous MPCs were reinfused intravenously and a bone marrow examination repeated 2 weeks
later for histologic assessment and in vitro hematopoietic cultures. Patient age ranged from 18 to 65 years and 12 subjects previously had
undergone an autologous or syngeneic bone marrow transplant 4-52 months prior to collection of MPCs. A median of 364 x 10(6) nucleated
bone marrow cells (range; 103 to 1004 x 10{6)) were used for ex vivo expansion. Median number of MPCs which were obtained after ex vivo
culture expansion was 59.0 (range: 1.1 to 347 x 10{8]) representing a median cell doubling of 16.000-fold (13 doublings). Fifteen of 23
patients completed the ex vivo expansion and underwent MPC infusion. Time to infusion of MPCs after collection ranged from 28 to 49 days.
Five patients in each of three groups were given 1, 10 and 50 x 10(8) MPCs_ No adverse reactions were obseryed with the infusion of the
MPCs. MPCs obtained from cancer patients can be collected, expanded in vitro and infused intravenously without toxicity (ABSTRACT
TRUNCATED AT 250 WORDS)

PuID: 8525172

[Indexed for MEDLINE]

Bone Marrow Transplant 1995, 16:557



MSC definition by ISCT in 2006

Plastic-adherant cells

Positive markers: CD73+,CD90+,CD105+

Negative markers: CD45-,CD34-,CD14-,CD11b-,
CD19-,CD79a-,HLA DR-

Trilineage mesenchymal differentiation capacity

iInto osteoblast, adipocyte and chondrocytes
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Cell stem cell 2015



hMSC for immune/inflammatory diseases

Others MS
11% 10%
° ’ TIDN  Other

Inflammatory
airway disease
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http://clinicaltrials.gov, April 2016



Clinical phase0f| [FE MSC & A

Phase 1 only (26.0%)
Bl Phase 1/2 (40.6%)
Bl Phase 2 only (22.5%)
Bl Phase 2/3 (3.8%)
] Phase 3 only (6.7%)
[ Phase 4 only (0.3%)

Cell stem cell 2015



MSC sources used in clinical trials

14~19% Umbilical Cord-Derived

MSCs Adipose-Derived MSCs 1 6%

Synovium-Derived it - -I
MSCs e, %
} s : ~ Bone Marrow &

J " Periosteum-Derived
MSCs

41%

Curr Opinion Rheumatol 2017, 29:201
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Interaction of MSC with various immune cells

2

Neutrophils Monocytes Macrophages DC NK cells T cells T cells B cells

Prevention of Inhibit MSC-derived Maturation Inhibit NK-cell Inhibit T-cell proliferation Mediate Inhibit B-cell

apoptosis monocyte PGE, reprogrammes and activation proliferation and cytokine production expansion and proliferation and
Macrophage- maturation  macrophages to inhibited Partially inhibit Impair the encephalitogenic maintenance differentiation to
dependent secrete IL-10 NK-cell-dependent effect of T cells Of Teeg-Cell antibody-secreting
decrease in Macrophage- cytolysis Increase T._-cell differentiation Paptiations PSS Bl
extravasation derived TNF and NK cells can REG ) Increase Tgeg-cell Impair B-cell
TLR4 activation lvse MSCs Increased IL-17 secretion recruitment to chemotaxis
in MSCs drive i ‘by memory T cells, whichcan sites of injury Soluble factors
PGE, secretion increase granulocyte activation produced by activated
by MSCs T-cell-derived cytokines enhance B cells enhance the
the immunosuppressive suppressive
capacity of MSCs effects of MSCs

Nature review rheumatology 2014



Table 2. Recent preclinical MSC-based studies for RA and OA treatment.

Preclinical MSC-based study for RA & OA

Rheumatic Experimental model Source of MSCs Dose of Route and Control End-point Reference
disease MSCs frequency of after MSC
administration injection
Inflammatory CIA (8 w.o. DBA/1 mice) hAd-MSCs 1 x 1086 v Ringer’s Lactate 7 days Lopez-Santalla
arthritis solution etal.’
CIA (6-8 w.0. DBA/1 mice) hUC-MSCs 1% 106 iv. Not injected 62 days Liu et al.7®
CIA (10 w.o. DBA/1 mice) hESC-derived MSCs 1 X106 i.p. (1, 3x) PBS 10 days after Gonzalo-Gil et al.122
arthritis
onset
CIA (8-10 w.0. DBA/1 mice]) Syngeneic mAd-MSCs 2% 106 i.p. PBS 14 days Garimella et al.78
CIA (8-12 w.o. DBA/1 mice) Syngeneic mBM-MSCs and 5 x 105 i.p. (MSCsl, i.v. PBS; 5 x 105 6.5 weeks Limetal.'®
mouse Tr1 cells (Tr1 cells); (2x] mouse Tr1 cells
liv)
CIA (8 w.o. DBA/1 mice) Syngeneic mBM-MSCs with 1% 106 i.p. PBS; AAV- 4 weeks Yan et al.”
AAV-miR-548e antisense-miR-
548e
CIA (8 w.o. DBA/1 mice) CD146+ or CD146- hUC- 1 X106 ia. PBS 14 days Wu et al.124
MSCs
CIA [6-8 w.o. DBA/1 mice) C57BL/6 mouse gingival 1 X108 iv. PBS 35 days Gu and Shi”
MSCs (wt, FasL-, FasL
overexpression)
Cll-immunized IL-TRa-KO hAd-MSCs (wt, SRAGE- 1x106 iv. (3%) PBS 6 weeks Park et al.1?5
BALB/c mice overexpressing)
OA - MMR (New Zealand rabbits) Equine UC-MSCs 3.5 x 108 i.a. PBS Upto53days  Saulnieretal.!%
osteochondral
defects
ACTL (10-12 w.o. Lewis rats) hSMSCs 1 X106 i.a. [single or PBS Upto12 Ozeki et a1.102
weekly) weeks
MMx (Sprague-Dawley rats) hAd-MSCs 2.5 X 108 i.a. PBS Upto 10 Li et al.12
weeks
Bilateral medial anterior hAd-MSCs 2 X 108; i.a. Ringer’s lactate 4 weeks Riester et al.'?
hemimeniscectomy (12 m.o. 6 X 106 solution
New Zealand rabbits)
Full-thickness cartilage defect  Sca-1+ mSMSCs from 1% 108 i.a. PBS 4 weeks Mak et al.’"?

[4-6 w.0. C57BL/6 mice)

C57BL6 or MRL/MpJ mice

AAV, adeno-associated virus; ACTL, anterior cruciate ligament transection; CIA, collagen-induced arthritis; Cll, type Il collagen; hAd-MSCs, human adipose tissue mesenchymal
stem cells; hESC-MSCs, human embryonic stem cell-derived mesenchymal stem cells; i.a., intra-articular; i.p., intra-peritoneal; i.v., intravenous; mAd-MSCs, mouse adipose tissue
mesenchymal stem cells; m.o., months old; MMR, medial meniscal release; MMx, medial meniscectomy; PBS, phosphate buffered saline; sSRAGE, soluble receptor for advanced

glycation end products; Tr1 cells, IL-10-producing type 1 regulatory T cells; UC-MSCs, umbilical cord mesenchymal stem cells; w.o., weeks old.




Clinical MSC-based study for RA & OA

Rheumatic  Type of study Intervention Comparator Reference
disease
RA Clinical phase I/1I; 136 patients, i.v. injection of 4 X 36 patients, Wang et al.>®
follow-up at 3, 6 and 8 107 UC-MSCs and DMARDs intravenous injection
months of DMARDs and cell
medium
Clinical phase Ib/lla; 3 i.v. injection of allogeneic Ad- Four patients, placebo  Alvaro-Gracia et al 8
follow-up at 6 months MSCs: 16 patients, 1 X 106 cells/ (Ringer’s lactate
kg; 19 patients, 2 x 10¢ cells/kg; solution)
four patients, 4 X 106 cells/kg
OA Clinical phase I/11; 12 patients, i.a. injection of 40 X None Orozco et al.10%
follow-up at 2 years 10¢ autologous BM-MSCs
Clinical phase I/1; 50 patients, i.a. injection of 40 X None Rich et al."0%
follow-up at 12 months 10¢ autologous BM-MSCs
Clinical phase I/Il; l.a. injection of autologous Ad- None Jo et al.1%7
follow-up at 6 months MSCs: 3 patients, 1 X 107 cells; 3
patients, 5 X 107 cells; 12 patients,
T x 108 cells
Clinical phase I/1I; 15 patients, i.a. injection of 40 X 15 patients, intra- Vega
follow-up at 12 months 106 cells articular injection of et al.1%8

hyaluronic acid

Ad-MSCs, adipose tissue mesenchymal stem cells; BM-MSCs, bone marrow mesenchymal stem cells; DMARDs, disease-modifying anti-
rheumatic drugs; i.a., intra-articular; i.v,, intravenous; UC-MSCs, umbilical cord mesenchymal stem cells.




MSC (IA or arthroscopic Tx) improve knee pain

Study n SMD (95% CI) Weight, % VAS Pain Score

Autologous
Bui, 2014 (Vietnam) 21 -11.97 (-14.73,-9.21) 2.0 — :
Centeno, 2008a (Unites states) 1 Not estimable :
Centeno, 2008b (Unites states) 1 Not estimable !
Davatchi, 2016 (Iran) 3 -2.75(-5.86, 0.35) }.7 —-—~—
Emardin, 2012 (Iran) 6 -1.45(-2.79,-0.12) 39 .
Fodor, 2016 (Unites states) 8 -2.41 (-3.78, -1.04) 38 —
Jo, 2014; Low-dose (Korea) 3 -0.79(-2.57, 0.98) 3.2 —-——
Jo, 2014; Mid-dose (Korea) 3 -0.61(-2.31, 1.10) 33 —.—-——
Jo, 2014; High-dose (Korea) 12 -2.09(-3.12, -1.06) 44 .-
Koh, 2012 (Korea) 25 -1.42(-2.04, -0.79) 5.0 -
Koh, 2013 (Korea) 18 -1.99(-2.81,-1.18) 4.7 -r
Koh, 2015 (Korea) 30 -197(-2.59,-1.35) 5.0 -
Lamo-Espinosa, 2016: Low-dose (Spain) 10 -2.54 (-3.78, -1.30) 4.0 —-r
Lamo-Espinosa, 2016; High-dose (Spain) 10 -1.29(-2.28,-0.31) 45 +
Nguyen, 2017 (Vietnam) 15 -1.46(-2.28, -0.64) 4.7 +
Orozco, 2013 (Spain) 12 -1.48 (-2.40, -0.55) 4.6 +
Pak, 2011 (Korea) 2 Not estimable :
Pers, 2016; Low-dose (France) 6 -1.19(-2.46, 0.08) 4.0 +
Pers, 2016; Mid-dose (France) 6 -1.00(-2.23, 0.23) 4.1 +
Pers, 2016; High-dose (France) V] -0.34 (-1.48, 0.81) 4.2 -I
Soler Rich, 2015 (Spain) 50  0.22(-0.62,0.17 5.3 ;
Soler, 2016 (Spain) 15 -3.28(-4.42,-2.14) 4.2 —-—
Subtotal (Random effects model) 263 -1.82(-2.41,-1.24) 76.7 ¢

Test for heterogeneity: Ch i- = 119.01 (P <0.001), I* = 85%

Allogeneic

npj Regenerative Medicine (2
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MSC improve knee Functional Score (partially)

Study n SMD (95% CI) Weight, %
Autelogous
WOMAC Physical Functional Score
Emardin, 2012 (Iran) 6 1.70(0.29, 3.10) 29
Jo,2014; Low-dose (Korea) 3 0.45(-1.21, 2.10) 2.6 —
Jo, 2014; Mid-dose (Korea) 3 1.17 (-0.79, 3.12) 2.2 a
Jo, 2014; High-dose (Korea) 12 0.91 (0.06, 1.76) 36
Lamo-Espinosa, 2016; Low-dose (Spain) 10 1.29(0.31, 2.27) 35
Lamo-Espinosa, 2016; High-dose (Spain) 10 1.05 (0.10, 2.00) 3.5
Orozco, 2013 (Spain) 12 0.77 (-0.07, 1.60) 3.7
Pers, 2016; Low-dose (France) 6 1.69(0.29, 3.09) 29
Pers, 2016; Mid-dose (France) 6 0.75 (-0.44, 1.94) 32 =
Pers, 2016; High-dose (France) 6 0.52 (-0.64, 1.68) 32 -
Soler Rich, 2015 (Spain) 50 0.14 (-0.26, 0.53) 4.1 .
Soler, 2016 (Spain) 15 1.31 (0.51, 2.10) 3.7
Turajane, 2013 (Thailand) 5 4.79(1.82, 7.76) 1.3
Subtotal (Random effects model) 144  0.97(0.56, 1.38) 40.3
Test for heterogeneity: Chi® = 23.91 (P = 0.020), [* = 50%
IKDC Score
Kim, 2015a-1 (Korea) 39 2.39(1.80, 2.98) 4.0
Kim, 2015a-2 (Korea) 17 2.99(1.98, 4.00) 34
Kim, 2015b-1 (Korea) 20 1.38(0.69,2.08) 3.8
Kim, 2015b-2 (Korea) 20 2.74(1.85,3.63) 3.6
Kim, 2015¢ (Korea) 55 3.65(3.03, 4.26) 39
Kim, 2016 (Korea) 24 2.94(2.10,3.77) 3T :
Koh, 2014a (Korea) 60 2.54(2.06.3.03) Nk Regenerative Medi
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Self-reported Physical Function
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Summary 2

Present feasible & regenerative therapeutic option

Chondrocyte treatment
Autologous chondrocyte
Proliferate & transplant

Chondrocyte harvest

Culture &
expansion

Repeat surgical operation
Repaired cartilage: fibrosis

Chondrocyte treatment
Allogenic chondrocyte
Proliferate & transplant

Polydactily

Intra-articular "= 2Esey

Injection _

EE W e
:
:

live

Inflammation suppression
Cartilage regeneration?




4) S7IMZE X=X HEQ &




The stronger the light source,
the darker the shadow.
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Stem cell R&D in South Korea
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Stem cell R&D in South Korea
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Stem cell R&D in South Korea
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Shadow
Stem cell R&D in South Korea

AR | W= | FF | &% | dn | 2¥HA | A= | o2y
2014 21 5 5 0 3 0 1
2015 16 11 10 3 2 2 2
2016 23 8 5 3 2 0 2

2016F ATSE SIIMEXEN LAAHHS

2017.04.24

Al OE
r 171

A HTHEO| K| Z 1




Shadow
Stem cell R&D in South Korea
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Stem cell R&D in South Korea
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HEALTH Ehe New HJork Times
Patients Lose Sight After Stem Adipose tissue-
Cells Are Injected Into Their Eyes derived stem cell

The left eye of a patient showing hemorrhages 13 days after stem-cell injection. Dr. Thomas Albini

Retinal hemorrhage & blindness after MSC Intra-ocular injection

Commented in “Nature” editorial The New York Times, March 15, 2017



Nasdaq 7816.28 - U.S.10 Yr -0/32 Yield Crude O1l 62.71 Euro 1.1159

THE WALLSTREET JOURNAL.

Asia Edition May 18,2019 = Print Edition Video

me World US. Politics Economy Business Tech Markets Opinion Life&Arts RealEstate WSJ. Magazine (

HEALTH | YOURHEALTH

Stem Cells for Knee Problems? U.S. Doctors
Investigate

Demand is high from patients with osteoarthritis, meniscus tears and other maladies, but studies
haven't reached firm conclusions yet

The Wall Street Journal, Jan. 8, 2018



€he New Hork Eimes
12 People Hospitalized With Cord blood-
Infections From Stem Cell Shots Derived stem cell

FDA commissioner

Infections after MSC IA Knee injection

Commented in "NEJM" editorial The New York Times, Dec. 20, 2018



How much did you pay for your stem cell Tx?

$2,500-54 999

$5,000-87,500

$7,500-510,000

$10,000-520,000

50-52,500

16.6%

1641%

1393%

12.79%

10.11%

ﬁr 10.11 %
ﬁmre 520,000 but less than 350,000 7.06%
ﬁﬂu’ng, it was free 6.49%
ijﬂ,{ﬂﬂ-iﬂﬁﬂiﬂ 3.63%
iI[H},D[H] or above 2.86%



Risk ’

Present
Stem Cell
Treatment

Previous
Stem Cell
Treatment

Perspective

Rare/
Intractable
disease

Common
Tolerable
disease
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Benefit
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Research & Development
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MASTER cell

CMC-hiPSC
BIMZE =7\ M2 =7\ Mz
ALA|E NE=YS| AN 2A[E

A bird in the hand is worthier than two in the bush (Proverb)
ot E: 50| A ZO|2t: B O0F & Hj



E2 =

MASTERA|| £
CMC-iPSA| &=

MHZ7| M =X 25
EZ3/ARIl/ A 83}
A = /HME x| 2l

ANEHE

Cell Therapy Center

Institutional GMP

ot=7| 8/ 8 0N
M| =4 2ol cfjst
=8 A X|E

H2l| A =7|M|E

SEAM SMZE - onpe Mol Y
|2H AEOl CHSt =5 worynsnime Bn2019.3.25)
HE/HdAMA X2 -> FSYHAHE RS 2R (2019.4.4)



« GMP(Good Manufacturing Practice) A|& : M| 4 AF QI &}

Room NO.

@ % & (Room Nama)

@@ - ot B R

2| ALR (Dffice)

#4] 1 4 (Preparatory Room 1)
Mim sk 14l (Cell Culture Roam 1)
MZ 44 24 (Call Culture Room 2)
£4| 2 & (Preparatory Room 2)
M= ¢ 4h 3 (Cell Culture Room 3)
Mz M A 4 (Cell Culturs Room 4)
E3 el (Quslity Control)

SE4 (Air Handling Units)

- Since 2007
- Size: 363 m?

- Four rooms

- Strict QC

- KFDA approved

GMPE ZtE2M T 2|0 B3
St MHSIIME AL HO|

L WO Al

GMPE SoilAZ S7|M = &
T& 29 =+ UAS
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Industry’s
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&= NBC Olympics
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Mike Bako on U S women’s BATON GATE

e

Chinese team filed official complaint N EW ‘3
WWW.CCTV-AMERICA.COM W @CcCTV_America f CCTV_America » CCTV America

Story from CCTV NEWS.
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