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Surface markers The positive percentage (%) (n=5)
CD29 99.81 +£0.18
CD29 CD73 CD31 0.50+0.34
i CD34 1.95+0.87
CD44 99.77 £0.18
CD45 0.60+0.39
CD73 98.12+1.64
CD90 99.99 +0.01
CD105 99.95+0.03
CDh44 : HLA-DR 0.68+0.52
i HLA-ABC 98.91 +0.93

- Positive for CD29, CD44, CD73, CD90, CD105,
CD105 and HLA-ABC

Mesenchymal Stem Cell - Negative for CD31, CD34, CD45, and HLA-DR

Ra et al. Stem Cells Dev. 2011,20(8):1297-308 13



M (Karyotyping)

Passage No. 4 Passage No. 7

R EE IR R

8¢ F& a0 5 3 sz a3 BN OBEORR xx Ex 2B o
b Al ad Ax Ax AR

Passage No.10 Passage No.12

T T TR T RN T I B T T A
AR XD Bb 85 R 3% B3 K€ B8 k¥ ax AR 2z W

oA 0 Ah 3K BR A8 AA BA B4 FXA 3K AW

BE 4 80 s¥ 22 B3
Ba LA ex en"E & ! AN ",.‘ an bk A 3 t“: ] A4 a4 b ? VA X ad A A ‘
Single Nucleotide Polymorphism (SNP)

No. Sample ID Call rate Reproducibility

1 PO 99.78% 100.00%

2 P3 99.90% 100.00%

3 P6 99.91% 100.00%

4 P9 99.93% 100.00%
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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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Effect of the multiple intravenous administration
Effect of the Multiple Intravenous Administration of Cultured Human . .
Autologous Adipose-Derived Stem Cells on Tumor Biomarker Levels of Ccu Itu red h umahnh au to I og ous a d | po se- d e rlved

Seong-Chan Rat, Yun-Joung Kim and Eun-Young Kim
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- — stem cells on tumor biomarker levels.
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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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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 BB8 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 AR levels decreased significantly in the
brains of hASC-injected Tg mice compared to those of Tg-sham mice. Here, we first report that intravenously or
intracerebrally transplanted hASCs significantly 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.
Kim S, Chang KA, Kim Ja, Park HG, Ra JC, Kim HS, Suh YH,
2012
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Figure 2. Intravenous and intracerebral injection of hAdMSCs reduced the number of amyloid plaques in Tg2576 mouse brains.
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Figure 3. IL-10 and VEGF level were increased after intravenous and intracerebral injection of hAdMSCs.
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(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
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Figure 5. Intravenous injection of hAdMSC reduced AP and APP-CT levels and increased neprilysin in Tg2576 mouse brains.
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Figure 6. Differentiation of human adipose tissue-derived mesenchymal stem cells into astrocytes (GFAP-stained)
or neurons (NF-H-stained) and expression of choline acetyltransferase (ChAT). 25
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Figure 7. Engrafted hAdMSCs changed morphology of neuronal dendrites in the brains of Tg2576 mice. »
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Figure 8. Transplanted stem cells increase microvessel density in the brain. 27
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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.
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Passive avoidance Morris water maze

Human Adipose Tissue-Derived
. ; Mesenchymal Stem Cells Improve
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Figure 10. Passive avoidance (A,C) and Morris water maze (B,D) performances of AdMSCs
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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

¢l 20| 74R

Subject: IND 17201 Nature Cell Inc

TalAl & - OFXS (=)
© OEgAl =ot0[H 2hAt

The agency has reviewed your submission for IND 17201 ‘Autologous adipose tissue derived O o =nn ol o
mesenchymal stem cell’. The study has been approved to proceed, however, there are non-hold ¢ T 7—(II- Tl HH 7é->| [ Ol S CI.>l ?:-II / Tl _II: I:H —7|<— Er
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. X.” 1/2 AOI- (I):I Aol-Al (o2 |

=
Thank you,

Virginia ° A‘” %Et: x108 cells
=]

2z EZ
E FEH- M OH L] E ol
Regulatory Product Manager . : 102
Center for Biologics Evaluations and Research LB O:I od- o™ H LB O:I ! |
Office of Tissues and Advanced Therapies

U.S. Food and Drug Administration
Tel: (301) 348-3949

p2Y U.S. FOOD & DRUG
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[ El1] New report shows over 500 medicines
in development for neurological disorders,
PhRMA, 20184.18

,2018 Medicines in Development for Neurological Disorders

0 LpO| L2 QI0]| =k K| =2 Al 371 228

- A Report on Disorders of the Brain, Spinal Cord and Nerves

Alzheimer's Disease

Drug Name Sponsor Indication Phase of Development
ALZ-801 Alzheon mild Alzheimer's disease (Fast Track) Phase Il
(amyloid beta-protein inhibitor) Frami Ma (homozygous APOE4/4 genotype) Www.al m
mild Alzheimer's disease Phase Il
APOE4 Www Al m
ALZT-0P1 AZTherapies Alzheimer's disease Phase lll
(amyloid beta-protein inhibitor/ Boston, MA www artherapies.com
infl . fiator inhibitor)
AMG520 (CNP520) Amgen Alzheimer's disease (Fast Track) Phase I1/1ll
(BACE1 protein inhibitor) Thousand Oaks, CA Wwww.amgen.com
Novartis Pharmaceuticals www.novartis.com
East Hanowver, NJ
ANAVEX™ 2-73 Anavex Life Sciences Alzheimer's disease Phase Il
(M1 muscarinic receptor agonist/ Mew York, NY (see also epilepsy, genetic, Parkinson's) WWW.ANAVEeXR.COMm
intracellular sigma 1 receptor agonist)
AstroStem Nature Cell Alzheimer's disease Phase I/Il
mesenchymal stem cell therapy Seoul, South Korea www naturecell.co ke
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Front Mol Neurosci. 2017 10:276.
Extracellular Vesicles in Brain Tumors
and Neurodegenerative Diseases.

FASEB J. 2018 32(2):654-668. Exosomes
derived from hypoxia-preconditioned
mesenchymal stromal cells ameliorate
cognitive decline by rescuing synaptic
dysfunction and regulating
inflammatory responses in APP/PS1
mice.

Biomed Environ Sci. 2018 31(2):87-96.
The Serum Exosome Derived
MicroRNA-135a, -193b, and -384
Were Potential Alzheimer's Disease
Biomarkers.
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Multiplexing of
exosomal miRNAs

disease detection
: Alzheimer’s disease

Cancer detection
= Lung, Breast, Prostate

Exosome drug
delivery system
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Drug delivery
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Exosome therapeutics
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- QlAHR| 9fct Ho -. Telomerase reactivation reverses tissue degeneration in aged
T L — telomerase-deficient mice, Nature 469, 102-106, 2011
- 3F AA EE= M ZE EO|H -. Telomerase gene therapy in adult and old mice delays aging and

increases longevity without increasing cancer, EMBO Molecular
Medicine 4, 691-704, 2012
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Neuromolecular Med. (2013)
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Attachment of PKH26-labeled ADMSCs

Arthritis 3 days 16 days

Detection of PKH26 fluorescence 3 and 16 days after administration of
PKH26-labeled hADMSC (1.7 X 107 cells) in ACLT and ACD model rabbits
A hole (5 mm in diameter & 2 mm in depth) in ACD model was made in the

central part of the medial femoral condyle

Anterior
cruciate
ligament
transection
(ACLT)

Articular
cartilage
defect
(ACD)
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F52/d (MRI)

Base line CljH| 7} M & Treatment Group

Improvement No Change Progress Total

N % N % N % N %
m 6 4615 0 0.00 7 53.85 13 100.00
5 5556 1 1111 3 33.33 9 100.00

67l Cid| 127§ E 7§ = Treatment Group (N=9)

N % Total
Improvement 6 66.67 6
Progress 3 33.33 3
Total 9 100.00 9
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o #2/8 (MRI)

Boramae Hospital, Phase 1/2, Patient: BGS / Female / 64-yr

baselingé

Femur Condyle

Tibial Plateau
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0|2 24t
MRI - Subject ID : 01 — 003

 Med Condyle: Thickness stable
compared to 6 mo. study

« Lat Condyle: Mixed Changes

* Trochlea: Mild increase

* Med Tib: Increased Thickness

 Lat Tib: Thickness Stable
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0|2 24f
MRI - Subject ID: 01 - 013

« Lat Condyle: Mixed changes
surrounding cartilage defect.
Thickness around has
increased.

« Trochlea: Medial trochlea
cartilage some increase in
thickness.

« Lateral tibia: Mixed changes;
Denuded area surrounding
cartilage shows mild
increase thickness.
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