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Stem cell therapy technology of regenerative medicine using
cultured autologous Adipose-derived stem cells




Stem cell therapy technology of regenerative medicine using
cultured autologous Adipose-derived stem cells
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3 “1~8-week-old NZW rabbits (2.8~3.5 kg)

D a— S W >< 8w | 20 w g

' — —1— —
|

t t %
ACLT Cell transplantation Sacrifice Sacrifice
(anterior cruciate : T
Iigament transection) Transplantation (IA injection)

ACLT PBS
SC(L) 1.7 x 106 cells/0.5 ml
i SC(M) 7.5 x 106 cells/0.5 ml
(thigh bonc) SC(H) 1.7 x 107 cells/0.5 ml
s g SC(L) + TSP2 1.7 x 106 cells/0.5 ml + 100 ng/0.1 ml
Hgaunent TSP2 100 ng/0.1 ml
Meniscus TSP2 siRNA SC(H) 1.7 x 107 cells/0.5 ml
—'_;';i;’ii:bone) SC-CM 100 yl

*rTSP2 and SC-CM were injected at 2-day intervals.
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Parameters in ACLT model
értilage repair and regeneration \

o Radiological changes
- X-ray images (Kellgren-Lawrence grade)

-0, 2,4, 8 & 20 weeks post-injection

o Gross findings
- O’Driscoll scoring
- 8 & 20 weeks post-injection

0 Microscopic analyses
- H&E staining: structure, chondrocyte density, cluster formation

- Safranin O/Fast green staining: peptidoglycan
Qnmunohistochemistry: type Il collagen /
10
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Radiological scores - 20 weeks

MEXSS7IMEE E[AGEUE2E s=Z2(ETNUAH FA A,

2 O[EXOZ X-RAY & ElAYg2EHO| 2totE

SC(M) SC(H)

SC(L)+TSP2
S

X-ray images of stifle joint 20 weeks post-injection

- Osteophytes in medial femoral condyle (white arrow)

- Deformity of medial tibia (b/ack arrow)

- Sharpening of tibial spine (b/lack arrow head) H
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MEXSZ7IMZ £0] £ 85 Ko & A=

TSP2 siRNA-
_ transfected\_
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Histology (collagen Il) - 20 weeks

EARNE-1 RS 7—IA|.(204 =24 ™ O=|01A =XoJ|

— 10 E

MEXYE7|HZ 50 = 8—’F— o
EdE S0 SHAAMZEL7| =2 2 =20 57t = As =eld

|

Normal ACLT SC)

TSP2 siRNN A—
transfected
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Survival of ADMSCs

8 weeks

20 weeks

Detection of human mitochondria (immunostained) in femoral condyle cartilage at

knee 8 and 20 weeks after stem cell transplantation
14
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100.00

50.00

0.00

WOMAC

417

(21.34, 39.39 % &)

post(6bmo)

P-value: 0.0026
Pre: 54.17+17.867&(Imin, max], [27.00, 85.00])
Post(6mo): 32.83+21.72™(Imin, max], [14.00, 92.00])

10.00

5.00

0.00
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e 442
(3.54, 44.47 % L 2)

P-value: 0.0004
Pre: 7.96+7.53mm([min, max], [60.00, 90.00])
Post(6mo): 4.42+2.19mm([min, max], [20.00, 90.00])

post(6bmo)
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Femur

Tibia
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Tibia
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€@ STEM CELLS 2014 May;32(5):1254-66.

STEM CELLS®
"TRANSLATIONAL AND CLINICAL RESEARCH‘

Intra-articular Injection of Mesenchymal Stem Cells for the
Treatment of Osteoarthritis of the Knee: A Proof-of-Concept Clinical
Trial

Chris Hyunchul Jo', Young Gil Lee', Won Hyoung Shin', Hyang Kim', Jee Won Chai*, Eui Cheol
.Teong3, Ji Eun Kim®, Hackjoon Shim®, Ji Sun Shin', I1 Seob Shin®, Jeong Chan Ra’, Sohee Oh’, and
Kang Sup Yoon'"

lDepartment of Orthopedic Surgery, ZDepartmeut of Radiology, 3Departzn(—:nt of Plastic and Reconstructive Surgery,
“Department of Pathology. Seoul National University College of Medicine, SMG-SNU Boramae Medical Center, 20
Boramae-ro 5-gil, Dongjak-gu. Seoul 156-707, Korea: “Cardiovascular Research Institute. Yonsei University College
of Medicine, 250 Seongsanno, Seodaemung-gu, Seoul, 120-752, Korea; SStem Cell Research Center, K-STEM CELL,
1596-7 Nakseongdae-dong., Gwanak-gu. Seoul. 151-835, Korea: 'Department of Biostatistics, SMG-SNU Boramae
Medical Center, Seoul. Korea.
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ch 18] FAIQIO 2 A|A
SHEHS =

) . Impact Factor 5.673
= The American Orthopaedic 5_673 & -
! Society for Sports Medicine ® 5-Year Impact Factor 6.255
more »

2017 Jul 1

Intra-articular Injection of Mesenchymal
Stem Cells for the Treatment
of Osteoarthritis of the Knee

A 2-Year Follow-up Study

Chris Hyunchul Jo,” MD, Jee Won Chai,’ MD, Eui Cheol Jeong,* MD, Sohee Oh,® PhD,

Ji Sun Shin,” BS, Hackjoon Shim.!! PhD, and Kang Sup Yoon.*¥ MD
Investigation performed at the Seoul Metropolitan Government—Seouwul National University

Boramae Medical Center, Seoul National University College of Medicine, Seoul,
Republic of Korea

26
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Medial femoral condyle
baseline 3M

==L ow-dose
P=.005 =#=Mid-dose
==High-dose

I I I 1

Baseline  3M 6M 2Y
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Fourteen and 17 of the 18 patients who participated in the previous study
were followed up at 1 and 2 vyears, respectively. Three patients in the
medium-dose group and 1 patient in the high-dose group were not
available for follow-up at 1 year. One patient in the medium-dose group
was also unavailable at the 2-year follow-up.

None of the patients underwent any kind
of knee surgery including arthroscopic
surgery and arthroplasty at the 2-year
follow-up.

- Am J Sports Med =& % -
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Medial joint line tenderness :

Pes tenderness :
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STEM CELLS
TRANSLATIONAL MEDICINE
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Human CuinicaL ARTICLES

Intra-Articular Injection of Autologous Adipose
Tissue-Derived Mesenchymal Stem Cells for the
Treatment of Knee Osteoarthritis: A Phase llb,
Randomized, Placebo-Controlled Clinical Trial
Woo-Suk LEE (9, Hwan Jin Kin,® Kanc-IL Kim 09,° Gi Beom Kim (9, Wook Jiv?

Key Words,  Knee s Ot
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January 8, 2019
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STEM CELLS TRANSIATIONAL MEDICINE 2019;00:1-8 www.StemCellsThM.com

AD-MSC: e emmers sl i refla for paiom iy e e osten-
arthritis in the outpatient sefiing, without tausing adverse events at p. Larger
Sample size and Jongterm follomup are recuired. STEM CELLS TRAMSLATIONAL MEDICINE
2019:00:1-8

SIGNIFICANGE STATEMENT

This was designed = a Bmsuu:ﬂve, rmdumtzus, duuble—hl\ndad, placebocontrolled study in
patients with knee nthe clinic setting.
Only intra-articular injection was appllu!, wﬁmn ;u;kal e injection.
An intra-articular injection of stem calls provided
satisfactory functional improvement and paln relief for patients with knee astecarthritis without
causing apparent adverse events at & manths’ foll ow-up.

INTRODUCTION

iIn ostecarthritis, mesenchymal stem cells (MSCs)
are gaining popularity a3 3 diseasemodifying
treatment because of their ease of harvesting.
safaty [1, 2], and potential to into

effect, reducing of immune response, and timu-
Iation of local tissue repair with the properties of
M3SCs would be beneficial to improve the intra-
articular environment as a disease-modifying
treatment [11, 12, 17, 18]. Successful pain relief,

cartilage tissue [3-5]. Furthermors, MSCs have
been known for paracrine [6-8]. anthinflamma
tory [8, 10], and immunomodulatory effects
[11-15] through the release of several growth
factars and cytokines [1, 2, 16). Because the path-
ophysiclogy of ostecarthrits is based on both
inflammation, the paracrine

and even cariage
regeneration have besn raported in clinical stud-
ies of the intra-articulsr injection of MSCs far
knee ostecarthritis [1, 2, 16, 15]. Howswer,
besides the study of Vega et al. [16]. most stud-
ies were not randomized or blinded and did not
have a comparative group [1, 2, 19]. Some previ-
ous studies used allogensic MSCs [15, 20], and

© 2019 The Authars.
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STEM CELLS Translational Medicine works to advance the utilization of cells for clinical therapy. By
bridging stem cell molecular and biological research and helping speed translations of emerging lab
discoveries into clinical trials, STEM CELLS Translational Medicine will help move applications of these
critical investigations closer to accepted best patient practices and ultimately improve cutcomes.
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A Phase 2, Double-Blind, Randomized, Controlled Study to

Evaluate the Efficacy and Safety of JointStem, Autologous Adipose
Tissue Derived Mesenchymal Stem Cells, in Treatment of

Osteoarthritis
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A

Orthopedics Pain Specialists Santa Monica, California, USA

Interventional Spine & Pain

Walnut Creek, California, USA
Management

Dr. Kasra Amirdelfan
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Visit | Visit 2 Visit 3 Visit 4 ~Visit 6 Visit 7 ~Visit 8
) Randomization - 2" Follow-up
Screening Liposuction Treatment I Follow-up (only Jointstem Group)

Y

> > >
W7 W.5 | 0 | MI, M3, M6 | M9, M12 or Final |
Follow-up
Double Blind Open
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45.00

40.00

35.00

30.00

25.00

20.00

15.00

(Western Ontario and McMaster Universities Arthritis Index)

WOMAC

AI"Ionth 6, Baseline = 20 I 2v P:00006
18.97 17.38 AI"Ionth 9, Baseline =21 227 P<0.0001
7.87 A =21.71, P<0.0001

Month 12, Baseline

Month 3 Month 6 Month 9 Month 12
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60.0

55.0

50.0

45.0

40.0

350

30.0

25.0

20.0

VAS
(Visual Analog Scale)

\ 2

342
26.2
AI"Ionth 6, Baseline = 32Sr P<0000|

252 \ 227 A|"|0nth 9, Baseline =31 '5’ P<0.0001

AI"Ionth 12, Baseline = 350’ P<0.0001

Baseline Month 1 Month 3 Month 6 Month 9 Month 12 -
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MRI
(Magnetic Resonance Imaging Scan)
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14 728 871 U=

MRI
(Magnetic Resonance Imaging Scan)

o 7} ZRAEAH F0i7

(n: EXF, %) 6 e (18 F) 12 70 (15 B)
M 5 (27.8 %) 5 (33.3 %)
7 X 5 (27.8 %) 3 (20.0 %)
2 8 (44.4 %) 7 (46.7 %)
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40.00
35.00
30.00
25.00
20.00
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WOMAC

41.21

= M 39.24
9.09

\ \ =¢—Jointstem

26.70
27.4 .
3 =l—Synvisc-one

27'30\\l 2327

® 18.97

Baseline Month 1 Month 3 Month 6

AMonth 6, Baseline =20.12 AMonth 6, Baseline =17.94

60.0

50.0

40.0

30.0

20.0

VAS
57.7
38
432
34.8
34.2
232 557

Baseline Month 1

AMonth 6, Baseline =325
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80.0
75.0
70.0
65.0
60.0
55.0
50.0

Lysholm Knee Scale
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& 583

Baseline Month 6 Month 9 Month 12

AI"1onth 6, Baseline = |82’ P<0.0001
AI"1onth 9, Baseline =1 60’ P=0.0005
AI"1onth 12, Baseline =1 70’ P=0.0005

65.00

60.00

55.00

50.00

45.00

40.00

IKDC

59.11

57.78

i
[e¢)

72815

Baseline Month 6 Month 9 Month 12

Al"lonth 6, Baseline = 7031 P:00029
Al"lonth 9, Baseline = I 0961 P:00002
Al"lonth 12, Baseline = 9631 P:OOOOI
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KOOS
(Knee injury and Osteoarthritis Outcome Score)

Symptoms Pain ADL
65.00 80.00 90.00

61.84 . 7631

60.00 ~——61.46 7500 74.98 800 84.29
7265 81.05
70.00 80.00
55.45

80.81
55.00 / /
/ 65.00 75.00
50.00 / /
/ 60.00 70.00
G643 / /

45.00 55.00 65.00
/ /62.39
40.00 : 50.00 5101 60.00 :
Baseline Month 6 Month 9 Month 12 Baseline Month 6 Month 9 Month 12 Baseline Month 6 Month 9 Month 12
AI"Ionth 6, Baseline = 902’ P=00002 AMonth 6, Baseline = 2 I 64' P<0000 I AI"Ionth 6, Baseline = |866’ P=0000|
AI"Ionth 9, Baseline = I 503' P<0000 I AMonth 9, Baseline = 2397' P<0000 I AI"Ionth 9, Baseline = |842’ P=00003
AI"Ionth 12, Baseline = I 54| ’ P<0000 I AMv:)nth 12, Baseline = 2530' P<0000 I AI"Ionth 12, Baseline = 2 I 90’ P<0000|
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KOOS
(Knee injury and Osteoarthritis Outcome Score)

Sport/Rec QoL

60.00 60.00
57.11 55.62
55.00 _—* 55.00 A

184
50.00 r— 50.00 /49_03
48.95
45.00 / 45.00 /
40.00 / 40.00 /
35.00 / 35.00 /
30.00 30.00
/ 25.00 ‘/7 567

25.00

¥ 2342
20.00 T T T 1 20.00 T T T
Baseline Month 6 Month 9 Month 12 Baseline Month 6 Month 9 Month 12
AMonth 6, Baseline = 25.53, P<0.000I Avonth 6, Baseline = 23.36, P=0.0002
AMonth 9, Baseline = 2842’ P<0000| AMonth 9, Baseline = 29955 P<0000|
AMonth 12, Baseline = 3369’ P<0.0001 AMonth 12, Baseline = 28965 P=0.0002
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RAND-36
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Physical Functioning Role Limitation (Physical) Role Limitation (Emotional)
80.0 80.0 87.0
750 86.0 86.0
50 . 755 75.0 5 4 75.0 250 /
/" %730 1 / T2
74.2 70.0 / .
70.0 / 650 / T g 83.0 /
65.0 / 60.0 / 81.0 /
60.0 0 / 79.0
550 AG.S 200 17 2
X 77.0
450 # 134
50.0 40.0 T 75.0 T
Baseline Month 6 Month 9 Month 12 Baseline Month 6 Month 9 Month 12 Baseline Month 6 Month 9 Month 12
AI"Ionth 6, Baseline = I 74’ P<0000| AMonth 6, Baseline = 224’ P=00087 AMonth 6, Baseline = 88’ P=07422
AI"Ionth 9, Baseline = |87’ P<0000| AMonth 9, Baseline = 303' P=0003 I AMonth 9, Baseline = 70’ P=09375
AI"Ionth 12, Baseline = |7 I ’ P=00023 AMv:)nth 12, Baseline = 3 I '6' P=00022 AMonth 12, Baseline = 88’ P=08047
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RAND-36

Energy/Fatigue Emotional well-being Social Functioning
77.0 89.0 90.0
4 _88.6 88.0 _ __4.882
885
0 S 88.0 86.0 /’ 87.5 \
73.0 / 87 \\ 84.0 / N\
/ 87.0 N 820 / % 809
710 708 86.5 AN 80.0 / -
/ 86.0 \ 78.0 /
69.0 85.5 85.3 76.0
67.9 85.1
67.0 8.0 — 74.0 ¥ 737
84.5 84.6 72.0
65.0 T T 84.0 T T 70.0 T T
Baseline Month 6 Month 9 Month 12 Baseline Month 6 Month 9 Month 12 Baseline Month 6 Month 9 Month 12
AI"Ionth 6, Baseline = 29’ P=02 I 07 AMonth 6, Baseline = 33’ P=04742 AMonth 6, Baseline = I 38’ P=00007
AI"Ionth 9, Baseline = 53’ P=00499 AMonth 9, Baseline = 35’ P=00007 AMonth 9, Baseline = |45’ P=00005
AI"Ionth 12, Baseline = 76’ P=00264 AMv:)nth 12, Baseline = 40' P=6382 AMonth 12, Baseline = 72’ P=00 I 98
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RAND-36

80.0

75.0

70.0

65.0

60.0

55.0

50.0

Pain

72.5
/ 52.4
T T T
Baseline Month 6 Month 9 Month 12

80.0
79.0
78.0
71.0
76.0
75.0
740
73.0
720
710
70.0

General Health

\.
/ 759

T T T
Baseline Month 6 Month 9 Month 12

AMonth 6, Baseline = 202, P<0000 I
AMonth 9, Baseline = 240v P<0000|
AMonth 12, Baseline = 243v P<0000|

AMonth 6, Baseline = 35! P:O I 376
AMonth 9, Baseline = 57! P:OO I 42
AMonth 12, Baseline = 29! P:03 I 55
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Efficacy and safety of a single intra-articular injection of cultured

autologous adipose tissue derived mesenchymal stem cells in

patients with severe knee osteoarthritis: a retrospective study
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BHHS MK (WOMAC) X ESX|5=(VAS) 58 Zat

WOMAC (313, W#+ETHX} VAS

= H B 7l 5H 1Y%, BZ+BFHAL
£o 9.72 + 4.21 437 £ 2.11 34.88 + 16.51 4897 + 21.87 68.13 + 14.26
374 6.16 + 4.45 3.08 + 1.88 23.54 + 17.32 32.78 + 22.88 40.64 + 24.36
6 7/1E 5.09 + 3.57 230 + 1.92 18.99 + 14.33 26.40 + 19.23 31.63 £ 21.45
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El UM SXE2 50 ™Mt Hlwstg
SAHAS MR E(WOMAQ LI ESX|(VAS) B5 =

WOMAC Index (Total scores) VAS Scale
Subject (n=31) Base line 6-month Difference* Base line 6-month Difference*
1 50 34 -16 75 60 -15
2 89 96 +7 90 70 -20
3 50 16 -34 80 30 -50
4 41 25 -16 80 30 -50
5 67 54 -13 80 90 +10
6 83 20 -63 80 20 -60
7 47 23 -24 80 30 -50
8 70 46 -24 80 50 -50
9 50 29 -21 80 40 -40
10 36 28 -8 90 30 -60
11 28 25 -3 60 60 0
12 67 15 -52 80 20 -60
13 90 55 -35 90 50 -40
14 70 15 -55 70 19 -51
15 28 14 -14 60 49 -11
16 56 17 -39 57 30 -27
17 66 30 -36 70 25 -45
18 58 29 -29 69 33 -36
19 26 37 +11 61 2 -59
20 14 6 -8 63 23 -40
21 25 24 -1 52 26 -26
22 54 32 -22 51 33 -18
23 8 2 -6 64 5 -59
24 51 34 -17 80 62 -18
25 31 5 -26 54 11 -43
26 55 4 -51 54 5 -49
27 43 10 -33 63 9 -54
28 20 9 -11 52 23 -29
29 18 46 +28 47 47 0 65
30 54 30 -24 32 23 -9
31 74 6 ] 68 ] 68 1 67
LU gt ZULy o




(A) WOMAC Index
Total Score
601
40
49.0
204
26.4(A22.6)
<@ <@ é"
&) O
e‘*”o '5‘° e‘°
Follow-Up
WOMAC Index
(©) Stiffness score
9 44
4
5 2.3(A2.1)
& < <
> & &
Q.g? oS RS
Follow-Up

WOMAC Index

B) Pain score
15+
9.7
10
5 \l\]5.1(A4.6)
(p C &
o°\> <~‘°§° «°°§
P lid ®
Follow-Up
(D) WOMAC Index
Physical Function Score
50+
404
304
34.9
20
10
19.0(A15.9)
& < <
- & &
& o o
Follow-Up
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ESX|=(VAS) Z1}

VAS Scale
804 68.1
60-
o 31.6(A36.5)
20-
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Follow-Up
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Food and Drug Administration
Automated Submissions Receipt

Your was yp into the CBER D Room, and is labl
to the assigned review office,

Application Type/Number: IND 15489
eCTD Sequence Number: 0016
CorelD: ¢i1555093835199.5011034@fdsuv08639_tel

Your official receipt date is din e with the g final Guid: for Industry:
https://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm0723

For technical assistance only: esubprep@fda.hhs.gov
For all other questions regarding your submission, contact your review division.
Thank you,

Michael B. Fauntleroy
CBER, El Program Manag
CBER ELECTRONIC SUBMISSION SUPPORT TEAM
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Intra-articular injection of mesenchymal stem cells for the treatment of osteoarthritis of the knee: A proof-of-concept clinical trial. Jo
CH, Lee YG, Shin WH, Kim H, Chai JW, Jeong EC, Kim JE, Shim H, Shin JS, Shin IS, Ra JC, Oh S, Yoon KS. Stem Cells. 2014 Jan
21. doi: 10.1002/stem.1634. [Epub ahead of print] PMID: 24449146

Intra-articular Injection of Mesenchymal Stem Cells for the Treatment of Osteoarthritis of the Knee: A 2-Year Follow-up Study. Jo CH,
Chai JW, Jeong EC, Oh S, Shin JS, Shim H, Yoon KS. Am J Sports Med. 2017 Oct;45(12):2774-2783. doi:
10.1177/0363546517716641. Epub 2017 Jul 26. PMID: 28746812

Intra-Articular Injection of Autologous Adipose Tissue-Derived Mesenchymal Stem Cells for the Treatment of Knee Osteoarthritis: A
Phase lIb, Randomized, Placebo-Controlled Clinical Trial. Lee WS, Kim HJ, Kim KI, Kim GB, Jin W. Stem Cells Trans| Med. 2019
Jun;8(6):504-511. doi: 10.1002/sctm.18-0122. Epub 2019 Mar 5. PMID: 30835956

Anti-osteoarthritis effect of a combinational treatment with human adipose tissue-derived mesenchymal stem cells and
thrombospondin 2 in World Journal of Stem Cells in rabbit. Shin K, Cha Y, Ban YH, Seo DW, Choi EK, Park D, Kang SK, Ra JC and
Kim YB. World J Stem cells., Submitted, 2019.

Efficacy and safety of a single intra-articular injection of cultured autologous adipose tissue-derived mesenchymal stem cells in
patients with severe knee osteoarthritis: a retrospective study. Ra JC, Park JI, and Kang SK. Stem Cell Research & Therapy, 2019
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Stem cell therapy technology of regenerative medicine using
cultured autologous Adipose-derived stem cells




Cell Medicine, Vol. 9, pp. 87-102, 2017
Printed in the USA. All rights reserved.
Copyright © 2017 Cognizant, LLC.

A Prospective, Nonrandomized, no Placebo-Controlled, Phase I/IT Clinical

Trial Assessing the Safety and Efficacy of Intramuscular Injection
of Autologous Adipose Tissue-Derived Mesenchymal Stem Cells
in Patients With Severe Buerger’s Disease

Jeong Chan Ra,*' Euicheol C. Jeong,7#' Sung Keun Kang,* Seog Ju Lee,* and Kyoung Ho Choi*

#Biostar Stem Cell Research Institute, R Bio Co. Ltd., Seoul, Republic of Korea
¥ Department of Plastic Surgery, SMG-SNU Boramae Medical Center, Seoul, Republic of Korea
iDepartment of Plastic and Reconstructive Surgery, College of Medicine,
Seoul National University, Seoul, Republic of Korea

Buerger’s disease is a rare and severe disease affecting the blood vessels of the limbs. Adipose tissue-derived
mesenchymal stem cells (ADSCs) have the potential to cure Buerger’s disease when developed as a stem cell
drug. In the present study, we conducted a prospective, nonrandomized, no placebo-controlled, phase I/II clini-
cal trial with a 2-year follow-up questionnaire survey. A total of 17 patients were intramuscularly administered
autologous ADSCs at a dose of 5 million cells/kg. The incidence of adverse events (AEs), adverse drug reaction
(ADR). and serious adverse events (SAEs) was monitored. No ADRs and SAEs related to stem cell treatment
occurred during the 6-month follow-up. In terms of efficacy. the primary endpoint was increase in total walking
distance (TWD). The secondary endpoint was improvement in rest pain, increase in pain-free walking distance
(PFWD), toe—brachial pressure index (TBPI). transcutaneous oxygen pressure (TcPO,). and arterial brachial
pressure index (ABPI). ADSCs demonstrated significant functional improvement results including increased
TWD., PFWD, and rest pain reduction. Mo amputations were reported during the 6-month clinical trial period
and in the follow-up questionnaire survey more than 2 years after the ADSC injection. In conclusion, intra-
muscular injection of ADSCs is very safe and is shown to prompt functional improvement in patients with
severe Buerger’s discase at a dosage of 300 million cells per 60 kg of body weight. However, the confirmatory
therapeutic efficacy and angiogenesis need further study.

Key words: Buerger's disease; Mesenchymal stem cells (MSCs): Adipose tissue: Autologous
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Total Partial Toe Full
Amputation Amputation Necrosis Recovery

¥

Laser Dopper
Alkaline-
Phosphatase
stain
Total . . .
. Partial Amputation Toe Necrosis Full Recovery
Amputation
Above Knee Partial Foot
PBS Control
9 3 0 0 o]
(n=12)
x105cellskg - orooP 2 1 1 1 7
x108cells/kg (n-12)
MD Group
6
5x10%cells/kg (h=12) 0 2 2 2 6
HD Group
7
1x107cells/kg (h=12) 0 0 1 2 9
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Screening ‘ 24 Screening ‘ 24
PP set ITT set

Visit n Mean+SD Min, Max
PP set
Screening 14 171.40+£107.13 142.80 35.30, 369.50
24 = 14 316.54+178.92 313.90 64.50, 662.70
Change 14 145.14%171.35 135.55 -195.20, 553.20
[95% CI] [46.21, 244.08]
p-value 0.0074
ITT set
Screening 17 217.79%176.49 177.30 35.30, 762.00
24 = 17 337.41+184.69 323.90 64.50, 662.70
Change 17 119.62+173.61 114.40 -195.20, 553.20
[95% CI] [30.35, 208.88]
p-value 0.0118
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1) VAS (Visual Analog Scale): 55 M= 7t

Hol st 2) VascuQoL (King's College Hospital's Vascular Quality of
Life Questionnaire : 85 7i410] 2 42| & B}
(2) 2t Mg =t
1) Digital infrared thermal imaging (DITI) : & & XfA40fl (2 H S

21 20l

_

23 5ol

2) Computed Tomography(CT)-Angiography : &
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Baseline

6 months

1 year
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5 x 10° cells/kg b.w., single IM injection (Rt leg)
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3 months 7 months

Baseline 2 months

Baseline 1 month 2 months
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5x106 cells/kg b.w.,
single IM injection (Lt leg)

Multiple injection
(3707t UhE 13] £0)

(A, B)

IM (Rt leg) + IV (2x108 cells)
injection

©

IM (Rt leg) + IV + IM (Lt leg)
injection

(F) S #xjo| &
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Circ J. 2012;76(7):1750-60. Epub 2012 Apr 12.
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Safety and Effect of Adipose Tissue-Derived Stem Cell
Implantation in Patients With Critical Limb Ischemia
— A Pilot Study —

Han Cheol Lee. MD. PhD: Sung Gyu An. MD: Hye Won Lee. MD: Jin-Sup Park. MD:
Kwang Soo Cha. MD. PhD: Tack Jong Hong. MD. PhD: Jong Ha Park. PhD: Sun Young Lee. BSc:
Sang-Pil Kim. MD: Yecong Daec Kim. MD. PhD: Sung Woon Chung. MD. PhD: Yong Chan Bac. MD. PhD:
Yong Beom Shin. MD. PhD: Jeung Il Kim. MD: Jin Sup Jung. MD. PhD
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« Ra JC, Jeong EC, Kang SK, Lee SJ, Choi KH. A prospective, non-randomized, no
placebo-controlled, phase I/l clinical trial assessing the safety and efficacy of
intramuscular injection of autologous adipose tissue-derived mesenchymal stem
cells in patients with severe Buerger’s disease. Cell Medicine, 2017, Vol 9, pp. 87-
102

« An SG, Lee HW, Park JS, Cha KS, Hong TJ, Park JH, Lee SY, Kim SP, Kim YD,
Chung SW, Bae YC, Shin YB, Kim JI, Jung JS. Safety and effect of adipose tissue-
derived stem cell implantation in patients with critical limb ischemia: a pilot study. Lee
HC, Circ J. 2012;76(7):1750-60. Epub 2012 Apr 12. PMID: 22498564.

« Jeong ST, Lee JH, Ra JC. Treatment of Thromboangiitis Obliterans with Autologous
Adipose Tissue-Derived Mesenchymal Stem Cells. STEM CELLS Translational
Medicine (52 0f78), 2019
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Stem cell therapy technology of regenerative medicine using
cultured autologous Adipose-derived stem cells
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Safety of Intravenous Infusion of
Human Adipose Tissue-Derived Mesenchymal
Stem Cells in Animals and Humans

Ra JC et al., 2011

. .
Figure 1. Multilineage differentiation of culture-expanded hAdMSCs.

(D) Differentiated myocytes were detected by immunostaining with myosin antibody (E). The hAdMSCs'showed neurogenic
differentiation by immunostaining with MAP2, (F) neuron specific enolase, (G) TUJ1, and (H) GFAP antibodies.
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The Preventive and Therapeutic Effects of Intravenous
Human Adipose-Derived Stem Cells in Alzheimer's
Disease Mice

Saeromi Kim'®, Keun-A Chang**, Jeong a Kim', Hyeong-Geun Park?, Jeong Chan Ra?, Hye-Sun Kim',
Yoo-Hun Suh'**
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and Science, Incheon, Sauth Koma

Abstract

Alzheimer’s disease (AD) is characterized by the accumulation of amyloid plaques and neurofibrillary tangles accompanied
by cognitive dysfunction. The aim of the present study was to elucidate preventive and therapeutic potential of stem cells
for AD. Among stem cells, autologous human adipose-derived stem cells (hASCS) elicit no immune rejection responses,
tumorigenesis, or ethical problems. We found that intravenously transplanted hASCs passed through the 868 and migrated
into the brain. The leaming, memory and pathology in an AD mouse model (Tg2576) mice greatly improved for at least 4
months after intravenous injection of hASC. The number of amyloid plaques and Af levels decreased significantly in the
bnhs o{ hASC-injected Tg mice compared to those of Tg-sham mice. Here, we first report that intravenously or

hASCs signi rescues memory deficit and neuropathology, in the brains of Tg mice by up-
regulating IL-10 and VEGF and be a possible use for the prevention and treatment of AD.
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The preventive and therapeutic effects of intravenous
human adipose-derived stem cells in Alzheimer's disease
mice.
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(b) Intracerebral injection (i.c.)

4 months later
3 months later

0 n'IT:unlh % % :

11 months of age

AN

14 months of age 15 months of age
Single hASC injection Behavior study Pathology
& Molecular study
Figure 1. Experimental schemes of intravenous and intracerebral injections. (a) Experimental scheme of intravenous injection (i.v.). (b)
Experimental scheme of intracerebral injection (ic)
doi:10.1371/journal pone 0045757 .g001

2. Morris water maze 24
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(a) WT-sham WT-hASC Tg-sham Tg-hASC ®Tg-sham
OTg-hAsC

Number of plaques per a slice of tissue

0 - T
Hippo Cortex Total

Figure 2. Intravenous and intracerebral injection of hAdMSCs reduced the number of amyloid plaques in Tg2576
mouse brains.
(Kim S et al., 2012)
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Figure 3. IL-10 and VEGF level were increased after intravenous and intracerebral injection of hAdDMSCs.
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GDNF
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BDNF

NeuroD1

PSD-95

synaptophysin

GAPDH

(Kim S et al., 2012)

Figure 4. Several protein profiles in the brains of hASCs transplanted Tg2576 mice. after transplantation the
levels of GDNF, NT3, BDNF, NeuroD1, PSD-95 104
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Figure 5. Intravenous injection of hADMSC reduced AB and APP-CT levels and increased neprilysin in
Tg2576 mouse brains. 105
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Figure 7. Engrafted hAdMSCs changed morphology of neuronal dendrites in the brains of Tg2576 mice.
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4 months after final tail vein injection of hASC, HNA (+) cells

were localized in the hippocampal region of the brains of Tg2576 mice

|
20 pum

200X 400X

Immunohistochemistry with anti-HNA(human nuclear antibody)
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Figure 9. A Morris water maze task was performed 3 months after final intravenous hAdMSC injection.

The path shapes of the movement of the mice during the training period were obtained. 108
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A Phase 1/2, Randomized, Double-Blind, Placebo-Controlled Study to Evaluate the
Safety and Efficacy of AstroStem, Autologous Adipose Tissue Derived Mesenchymal
Stem Cells, in Patients with Alzheimer’s Disease

From: , Virginia [ @fda.hhs.gov]
Sent: Wednesday, November 23, 2016 9:57 AM
To:

Subject: IND 17201 Nature Cell Inc

The agency has reviewed your submission for IND 17201 ‘Autologous adipose tissue derived ° EH /\I‘ XI EI- (@] I' i ;l, O | D-I U:|
mesenchymal stem cell’. The study has been approved to proceed, however, there are non-hold O = T = — O ()
issues that need to be addressed in a separate amendment. You will receive a letter detailing the
non-hold issues within 30-60 days and you can send your response electronically.
DII-O“:IHI-i OIXDHD-I OIOl:EHIQ-
Thank you, [
Vit U o, Soo, TIA aa,

Coer Bt vt ard s HI1/24F LALAIE
U.S. Food and Drug Administration
Tel: (301) 348-3949
o E E ali- 8
21 U.S. FOOD & DRUG M= &3 2x10° cells
ADMINISTRATION FDA gé ggl E Ul— U-I . x-l DH E _
aoo- o e E0 &8 MY L} &0, 102
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Alzheimer’'s Disease

Name of Sponsor/Company:
Mature Call Co., Lid. .,

5F, 10 Gukhos-daaro 76-gil, Yeonedsumepo-gn, S2oul 150-870, Korea

Investizational Product: AstroStem -

Protocol Mumbar,

AST-ADPI-US0L ..

Indication -

Alzheimer’ s Disease (ATY) .

Protocol Title .

A Phase 12, Kandomized, Double-Blind, Placsbo-UControlled Study o Evamate the Safety
and Efficacy of AstroStm Antologous Adipose Tissus Darived Masanchvmal Stam Calls,
in Patisnts with Alzheimer’ s Disaass

Study Phase ..

Phasel and2..

Drug
Administration .

A total x10F AAMSCs @ 220 ml of saline or the sams volums of saline will be
administarad via IV, for 2-6 howrs to patisnts i the treatmant group and the placsbo group,
raspactivaly. ..

Study Visits..

Visit 1 (Waek -6) — Screepine .,

Visit 2 (Wask -4) — Liposuction .,

Visit 3 (Waak () — 1" injaction of AstmoStemm orPlacebo .,
Visit4 (Wask 2) — 2* injection of AstroStam orPlacsbo.,
Visit 5 (Waek 41— 3% injection of AstmoSt=m orPlacsbo
Visit§ (Waek 61 —4%  injection of AstroStzm or Placsbo.,
Visit 7 (Waek 8) = 5% injection of AstroStem or Placsbo.,
Visit & (Waek 10) - 6=  injection of Astm Stam orFlacebo
Visit? (Waek 12)- 7=  injection of AstrStem orPlacsbo
Visit 10 (Week 141- 8% injection of AstroStem or Placsbo.,
Visit 11 (Weak 161-9%  injection of AstroStem or Flacsbo.,
Visit 12 (Weak 18)- 10 injection of AstroStem or Flacebo
Visit 13 (Weak 30)- 1" follow-up.,

Visit 14 (Waak 52— Final follow-up..

Study
Hypothesis.

Astrodfem freatmant group has improvement on neurologicalneurocogmitive assessment
from basalinz at Weak 1] comparad to the placsbo group.
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Stem cell therapy technology of regenerative medicine using
cultured autologous Adipose-derived stem cells
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3CD-2010-456+ve3-Ra_1P
Type: ressarch-aride
STEM CELLS AND DEVELORUENT ORIGINAL RESEARCH REPORT
Volume 00, Number 00, 2011
@ Mary Ann Lisben, Ine.
DOL: 10.108%'20d 2010.0465

Safety of Intravenous Infusion of Human Adipose
Tissue-Derived Mesenchymal Stem Cells
in Animals and Humans

Jeong Chan Ra! 1l Seob Shin! Sang Han Kim? Sung Keun Kang,' Byeong Cheol Kang®*
Hang Young Lee,' Youn Joung Kim' Jung Yoon Jo! Eun Ji Yoon!
Hyung Jun Choi*# and Euna Kwon®

Adipose tissue-derived mesenchymal stem cells (AdMSCs) represent an attractive and ethical cell source for
stem cell therapy. With the recent demonstration of MSC homing properties, ntravenous applications of MSCs
to cell-damaged diseases have increased. In the present study, the toicity and tumongeniaty of human
AAMSCs (hAdMSCs) were investigated for dinical application. Culture-expanded hA dMSCs showed the typical
appearance, immunophenotype, and differentiation capacity of M3Cs, and were genetically stable at least 12
passages in culture. Cells suspended in physiological saline maintained their MSC properties in a cold storage
condition for at least 3 days. To test the toxiaty of hAdMSCs, different doses of hAdMSCs were injected
intravenously into immunodeficient mice, and the mice were observed for 13 weeks. Even at the highest cell
dose (25x108 cells kg body weight), the SCID mice were viable and had no side effects. A tumorigenicity test
was performed in Balb/c-nu nude mice for 26 weeks. Even at the highest cell dose (2:108 MSCs /kg), no
evidence of tumor development was found. In a human clinical trial,  male patients who had suffered a spinal
cord injury >12 months previous were intravenously administered autologous hAdMSCs (4108 cells) one
time. Mone of the patients developed any serious adverse events related to hAdMSC transplantation during the
Fmonth follow-up. In conclusion, the systemic transplantation of hAdMSCs appears to be safe and does not
induce tumar development.
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Motor Score (max 100)

Light Touch Score (max 112)

Pinprick Score (max 112)

8

Patient ID

Patient ID

Pre
Post 12 weeks

Pre
Post 12 weeks

Pre
Post 12 weeks

* In one patient (001-S003), the ASIA impairment grade
+ changed from ASIAAto ASIA C.

+ The ASIA sensory scoring of one patient (001-S002)
improved by 27 and 35 points for sensory pin prick and

sensory light touch, respectively (Fig. 5).

FIG. 5. Motor and sensory scores in patients with spinal
cord injury at pre- and 12 weeks post-therapy. Motor (up-
per), sensory light touch (middle), and sensory pinprick
(lower) scores were assessed according to the ASIA impair-
ment scale.
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ARTICLE INFO ABSTRACT
Article history: The treatment of Parkinson's disease (PD ) using stem cells has long been the focus of many researchers,
Received 23 January 2015 but the ideal therapeutic strategy has not vet been developed. The consistency and high reliability of the

Received in revised form 15 June 2015
Accepted 15 June 2005
Available online 24 June 2015

experimental results confirmed by animal models are considered to be a critical factor in the stability of
stemn cell transplantation for PD. Therefore, the aim of this study was to investigate the preventive and
therapeutic potential of human adipose-derived stem cells { hASC) for PD and was to identify the related
factors to this therapeutic effect. The hASC were intravenously injected into the tail vein of a PD mouse

mﬁmﬂ;lmﬁ—dedwd stem cells .model induced by E—hydmydlogam:me_ Cnnsequentlgll.l the beh.av'lnrall p-a'formam:es were significant by
6-OHDA improved at 3 weeks after the injection of hASC Additionally, dopaminergic neurons were rescued, the
Parkinson's diseace number of structure-modified mitochondria was decreased, and mitochondrial complex | activity was
Mitochandria restored in the brains of the hASC-injected PD mouse model. Overall, this study underscores that
intravenously transplanted hASC may have therapeutic potential for PD' by recovering mitochondrial
functions.
@ 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND 119

license ( http: [/creativecommons.org/licenses/by-nc-nd/4.0/).
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Left Right Right-Left
6-OHDA 1.0016 1.6691 0.6675
6-OHDA/JASC 0.9213 11534 0.2321
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» The preventive and therapeutic effects of intravenous human adipose-derived stem cells in Alzheimer's disease mice.
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