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Therapeutic pillars of health care
(Figure adapted and edited from Mason et al’11)
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PERSPECTIVE

INNOVATION

Cell-Based Thel‘apeutics: www.ScienceTranslationalMedicine.org 3 April 2013 Vol 5 Issue 179 179ps7
The Next Pillar of Medicine

Michael A. Fischbach,'** Jeffrey A. Bluestone,” Wendell A. Lim"***

Two decades ago, the ph al 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, ic, and perceptual c ges. History suggests
that the advent of cellular medicines will require the P of a fi

cellular i ing sclence that provides a ic fi k for safely and predict-
ably altering and regulating cellular behaviors.
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Rita YH Huang

Adult Cell Dominates the Rising Stem Cell Market

120 USD
140,000.00 - billions

120,000.00 - North America stem cells market, by

100,000.00 - product, 2012-2020 (USD Million)

| = Very Small Embryonic Like Stem Cells
80,000.00 + — =} Nalzral Rosette Cells
— ¥ Induced Pluripotent Stem Cells
60,000.00 -+ ®m Human Embryonic Stem Cells
— = Adult Stem Cells

40,000.00 -
#0000, . . I I Pluripotent stem cells:

P |} - . e " - " Tumor risk
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Epigenetic aberration

Ethical concern
2015 Grant Review Research ReportID: 978-1-68038-130-6 4
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Reguatory approvals of cell-based therapeutic products
worldwide since 1997 (58 approvals, 55 products)

B USA (FDA) (17)
® Europe (EMA) (6)
|5 Korea (KFDA/MFDS) (20)
B Slovenia (MH) (2)
W Japan (MHLW/PMDA) (4)
® Brazil (ANVISA) (1)
® China (CFDA) (1)
H |srael (MH) (1)
India (DCGI) (1)
B Denmark (DMA) (1)
® Canada (Health Canada) (1)

B New Zealand (MedSafe) (1)

Germany (AMG) (2)

3 product.s \A{er? a.pproved by maza http://celltrials.info/2017/04/07 /marketed-approveds
than one jurisdiction.

(Provenge, Prochymal, and MACI). Rita YH Huang

Future Hope for Human ESC Clinical Trials

ACT (Robert Lanza)
Macular degeneration ESC clinical trials are ongoing. .

Human embryonic stem cell-derived retinal pigment @ % @

. s oo + epithelium in patients with age-related macular
Embryonic stem cell trials for macular degeneration: >@ i iation and Stargaed s iactlar dwlroghy TONRR

a pre[iminary report of two open-label phase 1/2 studies

5 Strven D Sclrasirts, Carl D Regilla, Byron | Lam Dean Wik, Ninel 7 Googem, oan-Pievar Husbicbman, Jart | D, G Hedur]
Steven D Schweortz, Jean-Pierre Hubschman, Gad Hedwell, Yiadentina Franco-Cardenas, Caralyn K Pan, Rosaleen M Ostrick, Edmund Midcunas, Mar Spim, Jourph Maguine, Roger Gay, jane Bateman, & Dhebrs Marriy, Mot b Vincent, Fddy Anglod, Lucin ¥ el Priors,
Roger Gay, Irina Klimanskaya, Robert Lanza kot L 2015 AM D
2012 Summary
Summary Backgrownd Sknce they weve Birst derived mare than thiee decades 3go, embryonic stem cells have bren proposed 353 e .

sonigee of peplacenment cells in regenerative medicine, bus their plasticity and unlimited copacity For selfrenewal  poais
ulw- concerns xln-: their \-l!-h including tumour Formation shility, potential immumne rejection, and the ridk of

W repor the medi Ry Fety of cells derived from human "
embryonic \Irmtrﬂ- (hESEY mmphm.-d o patients. "

Background It has been 13 years since the discovery of human embryonic stem cells (hESCs). Our report provides the  Lesor 201z pe- 71300
first description of hESC-derived cells ransplanted into human patients.

nature
Stem Cell Reports -
Article PEMN ACCESS 2018 AMD

Treatment of Macular Degeneration Using Embryonic Stem Cell-Derived
Retinal Pigment Epithelium: Preliminary Results in Asian Patients Phase 1 clinical Study of an embwonjc stem

Hnjung Chol.* So Young Chong. cell-derived retinal pigment epithelium patch in
age-related macular degeneralion

Lyndan da Crus! -, Kats Fy

aly
I Tufablis (..«m Feng®. Mark Whithos!
. Peter T Loudon®, Paul Whiting®* & Peter | Coffey !

u.mlﬂ-;. 5 Sagoa®

Age-retated macstar degeneration AMD) remains & major cause of biindness. e o of e
wperiiin (RPE) contral 1o disests progression. We engsneered an RIE patch comprining 2 fully differentistod. human
I

trial apprmval. This wor supports the feacibality and wabety of NESC-RPE patch ransplantation a1 3 regenesative Urstegy for AMD.

tof Springer Naturn. AN rights reserved.
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iPSC CT for Age-Related Macular Degeneration in Japan

Autograft and Allograft (2012-2018)

2012 Nobel Prize Winner

Inducod Pluripotent
\] Stom Call
g TRaTs

K4, My,
Nanog, LinZs
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Japanese government panel OKs world's first clinical research
using iPS cells S
i 2013 clinical research

A govemnment panel Wednesday approved the world's first clinical
research using human induced phuripotent stem (PS) cells, wh

grow into any tvpe of human body tsswe, officials said.

New
 Scientist NS

EEEd © 2015 CT-11 halted

Mutation alert halts stem-cell
trial to cure blindness

A pioneering stem-cell trial has been
halted after genetic mutations were
discovered in the cells of the second
trial participant. One of the mutations
may carry a remote risk of cancer.

(€1~ JEEN ~ - BT

Green light for launch of clinical research using doner iP5 cells

February 7, 2017

On February 6, a press conference was
held in Kobe to announce the launch of a
clinical research project aimed at
establishing an induced pluripotent stem
cell (iIPSC)-based treatment for wet-type
age-related macular degeneration, which

has been reviewed and assessed by all required Japanese regulatory
bodies.

The project will be led by Yasuo Kurimoto and Masayo Takahashi of
Kobe City Medical Center General Hospital, and Osaka University's
Graduate School of Medicine/ Faculty of Medicine, and will be
conduy

weos 2017 iPSC Allograft CT

for Retinai megeneraton at mineN Lwo.
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Japan stem-cell trial stirs envy

Researchers elsewhere can’t wait to test iPS cells in humans.

Sara Reardon & David Cyranoski

16 September 2014

The first patient, a 70-year-old woman, was
treated with iPSCs and was reportedly in
good health.

Good stem cell news as
Takahashi IPS Cell Trial to
Resume

I on June 7, 2016

2016
CT Resumed

Some good news 1o
1Ps)
Takahashi will resume

ey

¢ a5 the pionaer

pluripotent stem Il trial led by Dr.

First serious adverse reaction to iPS-derived retinal cell transplant
reported
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"2018iPSC Allograft
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iPSC-Derived Cell Sheet for Cardiovascular Disease

iPS cells for heart failure

‘ heart muscle
iPS cells = =
[ ] [ ]
L] [ e
- L ] [ ]
heart muscle sheet’

®

transplant

serious heart failure patient

May 18, 2018
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Panel OK’s stem cells trial for heart disease treatment
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Prof. Yoshiki Sawa, Osaka University




nature

EDITORIAL - 29 MAY 2018 May 29' 2018
Stem-cell tests must show success Nature. 2018 May;557(7707):611-612

Japan needs to demonstrate that a promising therapy for damaged hearts works as claimed.

Ata pross conforance in Tokyo, cardiac surgeon Yoshiki Sawa announces plans 1o use thsue derled from iduced 1o treat

Reprogrammed stem cells
approved to mend hearts

Japanese study is only the second application of induced pluripotent stem cells in people.

Prof. Yoshiki Sawa
Osaka University

iPSCs for Parkinson’s Diseases

Launch of Jun Takahashi IPS Cell Trial For July 30, 2018
Parkinson’s Disease

Share this: ipsﬂag@j \_:Fy‘/y;-?_i’\@mﬁﬁ
iPSﬁHﬂ@f‘Eﬂ
OoOQQ ﬂg@ T
A much-anticipated i 33330
Parkinson’s Disease |
Takahashi. ”
The news broke on ¥
appropriately sober { iPSHfaZ=
exciting trial as well, T
[ 1
Parki ‘s Di 2 ~r=cd
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can be readily used t
Here are some key d \
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Prof. Jun Takahashi
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Major cell types (85% of all trials)
HSPC (MB, BM, CB) 16
adipose SVF =22
BM MNC 26
immune cells total 138
MSC total 116
o] 30 60 9'0 120 150

Rita YH Huang

Cell Type for Cell Therapy

[Adult cells: Adult stem cells, Adult cells, and Immune cells J

Product Insights

1. Adult cells dominate the industry.

2. Safety is the first priority, then the Efficacy.

3. Key technologies are cell production, acquisition,
cryopreservation, sub-culture, and expansion.

4. Low contamination probability during expansion and sub-culture,
and better acceptance by human body is very important.

2015 Grant Review Research ReportID: 978-1-68038-130-6 12



Failure of Adult Allo-MSC (Osiris)

Phase Ill aGvHD CT in Japan

PRESS RELEASE O S1T1S

WOl'ld S FII‘St Approved Stem Cell Drug, Osiris
Receives Marketing Clearance from Health Canada
for Prochymal

Historic decision offers hope to children suffering from life-threatening

SVHP 2012 BMMSC Allograft/aGVHD
New Zealand/Canada

There are no statistical difference between prochymal and placebo on the
primary endpoints for either the steroid-refractory (35% vs 30% n=260) or the
first line (45% vs 46% n=192) GvHD Phase lll clinical Trials.

MESObIaSt Ltd ,mesublast

he adult st ell company

We Need Quality Control for Cell Products

Industrial Allo-MSC Product Failure Analysis

% Stem Cell Assays e Culture expansion
@@ P ooy Rseach o S e Serum culture condition (Niche)

Failure of mesenchymal stem cells in GVHD - is devil in the cell L Epigenetic (Ag i ng 'related)

prep? .
ey serse e Reprogramming and senescence
Mm@ o Tissue/Donor variance

As we alfkrs(:-.-: Phase [il r-m-'M spcnsmeﬂ by Osins Therapeutic s and assessed eficacy of

t of Grafi-Versus-Host-Disease (GVHD) ° Cryopreservation

d 5 of failure were not I\rod and discussed public I)r
b;r community. Contrary to Osins tnial, similar “academic trials” in Europe were quite successful in Phase |
= =
Recently, for the first time, Jac que u_.;lu-,npv-s. ts P ﬁhym.‘llfllgg nalysis, basedo n discrepancy P I g ty- HLA
between MSC-bas Hlprodct characteriazation and preparation for US industry-sponsored trial versus mmuno enlc' "
Eurcpean academic trials
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W Passage 3
I Passage 5

124 W Passage 7

104 I
T

%Nile Red Positive

Left panel: Shows mesenchymal stem cells (MSCs) after treatment to induce fat cell formation. Blue indicates cell nucei; green
indicates the presence of fatrevealed by a dye called Nile Red. Right panel: MSCs treated to make fat cells were counted to determine
how many—using different donors—were successful in transforming and how long the cultures lasted (a concept known as passage).
Passage refers to the duration of cell culture. The graph shows that the number of MSCs that can turn into fat decreases over time.
Also, the ability of MSCs to turn into fat is different between MSCs from different donors.
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YH Huang, et al., 2009 FASEB J

MSC Heterogeneity, Steven R. Bauer, 2015 ISCT YH Huang, et al,,

2014 Mol Human Reprod

Kuo et al., 2018 Stem Cell Reports
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HREEFEERZIERERGFETHRE | 2788 NEZNEEI B EERMCF-7223 M X AR5
A549 . 4BILIZ2EEEF(whole-genome DNA sequencing)BB4SO0EEEEERTREENER 8
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MSC Therapy Risk
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Tumor supportive effects
e
Transition 1o tamor associated fbroblasts
ARTICLES
Suppression of immune response
ean = - express IDO, PGE?, IL-6, IL-10HLA-GS, and NO
Mesenchymal stem cells within tumour
H Promotion of anglogenests
stroma promote breast cancer metastasis - dffrentteito endobelalkecels o perytes
e e A ey o’ o e s ., VP PGP FGF P L
. Stimalation of the EMT
International ; - express HGF, EGF, PDGF, and TGF-f

Journal of
Correlation with cancer stem cells

Oncology

Promotion of tumor metastasks

Human mesenchymal stem cells enhance cancer cell

roliferation via IL-6 secretion and activation of Inkibidon ofapopiosh
{. RK1/2 " : - express VEGF, FGF-3, PDGF, HGF, BDNF, SOF-lo,

IGF-1 and-2, TGF-f, and IGFBP-2
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Exosomes, Microvesicles
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Mitochondria and u—
small molecules
including calcium ions

and glycoproteins g
Tunneling .///’ .,
Nanotubes™ MSC Cancer Cell
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Interaction of MSC with tumor cells
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a release of cytokines, chemokines, C
growth factors
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production and release of
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Clear uf> this stem-cell mess

Confusion about mesenchymal stem cells is making it easier for people to sell
unproven treatments, warn Douglas Sipp, Pamela G. Robey and Leigh Turner.

-‘ 7 srious populations of cells n he
adult human body have been
the subject of contrer since

the carly 2000s. Contradictory findings

about these haphazardly termed ‘mesen-
chymal stem cells’, including their ori

gins, developmental potential, biological
functions and pouible therapeutic uses,
have prompted biologists, clinicians and
scientific societios bo recomaend that the
term be revised or abandoned. Last year,

NATURE

I VOL

TENACIOUS TERM

Thousands of papers using the name ‘mesenchymal stem
cells’ (MSCs) are published each year, despite calls for the
term to be revised or abandoned.

_é

561

Number of papers published per year*
N

Several studies indicate that the variety
of cells currently dropped into the MSC
bucket will turn out 1o be various tiswe
specific cell types, inchuding stem cells”,
Vet the name persists despite the evidence
pointing to this, and almost two decades
after questions about the validity of MSCs
were first raised. A lterature search indi-
cates that, over the past 5 years, more than
1000 reseasch artiches referring to MSCs have
been published every year (see Tenacious

have helped MSCa to acquire s near-magical,
alll-things-to-all people quality in the media
and in the public mind' — hype that has
been casy o cxphoit. MSCs have become
the go-to cell type for muny unproven stem-
cell interventions. The confusion must be
cleared up

What is needed b3 2 coordinated global
effort to improve understanding of the
biology of the cells currently tesmed MSCs,
and a commitment from rescarchers. jour:

| 27 SEPTEMEBER 2018
© 2018 Springer Mature Limited. All rights reserved.
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DOUBTFUL DRUGS

Clinical trials with MSCs fail to deliver

A move towards translational studies
requires a robust understanding of the
actual biological properties of the cell types
currently called mesenchymal stem cells
(MSCs).

So far, both the results and the quality
of MSC-based clinical trials have been
underwhelming. Take a 2014 meta-analysis
of 49 trials using ‘bone-marrow stem cells’
(in many cases, ‘bone-marrow MSCs’) to
treat cardiovascular disease, for instance.

456 NATURE | VOL 561 | 27 SE

According to that analysis, the studies
that scored better in terms of rigour were
more likely to report less efficacy for MSC
treatments than were those judged to be
less rigorous**.

Clinical studies using MSCs (or any stem
cells) must adhere to the same standards
of research design and oversight that
apply to any responsible clinical trial
before the cells are administered to
human participants. DS.PGR ELT.

PTEMBER 2018
) 2018 Springer Nature Limited, All rights reserv

Douglas Sipp is a researcher at RIKEN and
project professor at Keio University School
of Medicine and Global Research Institute,
Tokyo, Japan. Pamela G. Robey is a senior
investigator at the National Institute of
Dental and Craniofacial Research, National
Institutes of Health, Department of Health
and Human Services, Bethesda, Maryland,
USA. Leigh Turner is associate professor

at the Centre for Bioethics, University of
Minnesota, Minneapolis, USA.

e-mail: sipp@cdb.riken.jp
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Immune Cell Cancer Therapy

Major cell types (85% of all trials)
HSPC (MB, BM, CB) E! 16
adipose SVF 2
BM MNC %
immune cells total 138
MSC total 116
o 30 60 90 120 150

NK » <—-:|'|=N-»‘-—"

EMBO reports (2007) 8, 1024-1030

—e=pASC total
~-T.colls

R MNC

Antigen DC B il
Neoantigen © o
Il'-1 ? % CD1 d * 2011 2012 2013 2014
IL-12-R ) B
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CART Clinical Trials on CD19 are of Efficacy

50% of all registered CAR cell trials are targeting CD19 80% of all registered CD19 CAR cell trials are CR/PR or SD

o . Clinical outcome of CAR-T cell therapy trials
Share of CAR cell trials targeting CD19 in liquid malignancies, targeting CD19

i

w i
Q -.

75%

= CD19 alone (163) CR/PR (283) =SD(19) = NR/PD(77)
= other (188)
' CD19+other (and/or/bispecific) (22)

s CeliTrials ong

Total number of CD19 publications 25, total number
of evaluable patients: 379 (as of Sep 1, 2017).

www. CellTriaks org

Immune Cellular Therapy CT Worldwide
(Till 2016)

Phases of CAR cell therapy trials, registered in databases MNumber of CAR cell trials in US vs. China and other countries
116 BUS ®China BOther countries
120 100%
3 Follow-Up Study
100 B Phase Unknown 90% a
B Phase 2-3-4 o BO% o
g0 | MPhase 1/2 a 70% | m
] a
W Phase 0-1 T cvse
[
60 o a4
< 50%
u an "
po + 40%
> >
] 30%
20 + |.§ HEJ i 20%
10%
STy 1]
0% .
2004 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2009 2010 2011 2012 2013 2014 2015 2016
© CellTrials.org © CellTrials.org
Phases of CAR cell therapy trials registered worldwide 1. Total number of CAR cell therapy trials in China until

Berseneyv, Alexey (2017) 2016 was 113 (China).
2. 38 academic institutions and hospitals were identified
as sponsors of CAR cell therapy trials in China.



CART Clinical Risk

USA Juno Therapeutics Terminated CART Clinical Trails in 2016 Dec

December, 2016

Juno Therapeutics' Shares Sink
After 2 More Deaths in Leukemia
Drug Trial

FDA Approves First Gene Therapy For Leukemia (August 30, 2017)
Kymriah, CART Therapy (CTL019, $475,000 per treatment )

Novartis receives first ever FDA approval for a CAR-T cell
therapy, Kymriah™ (tisagenlecleucel, CTL019), for children

and young adults with B-cell ALL that is refractory or has
relapsed at least twice

Kymriah™ Product Shot

i -

FDA Approves 2nd Gene Therapy For DLBCL

. . “Werama Kite Pharma (October 18, 2017), Kymriah (May 3, 2018)
The total number of deaths is now five.

2016 FE A AMISET G LREMISH - SRASHNELHFDAE - KitePharmaii FCAR-TALE

. . . . Yescarta (axicabtagene ciloleucel) & £7fi - AfCARRERERLNMBHA
Juno Therapeutics said two more patients had died BEEIAERADLBCURARS - BEBEE) RERHRRLAR - DREAL
after suffering brain swelling during a trial of its R GREERR

experimental genetically engineered leukemia drug,

EEREFDAS—THHBREAASEHEMOCAR- TS - LESBB_RE
bringing the total up to five.

& EH#ICAR-THE -

CART Clinical Risk

USA Juno Therapeutics Terminated CART Clinical Trails in 2016 Dec
Jan 22", 2018

Juno Therapeutics, Inc. (JUNO)—SEHHE

Mar - Moy dun dut = Sep ot

Dee 20

Juno Therapeutics, Inc stock price is quickly going up in 2017!!

CCdgme May 6, 2018 :
Celgene buy Juno for $9 billion USD.

Mar 6, 2018

Celgene Completes Acquisition of Juno Therapeutics, Inc,,
Advancing Global Leadership in Cellular Immunotherapy

Advances Strategy to Become a Leader in Global Cellular Immunotherapy

Immediately Adds Late-Stage Therapy JCARO17, an Expected Growth Driver From 2020 and Beyond with Potential Global Peak Sales of Approximately
$38

CHMMTT &1 1 fOIICTMECE WHDEY | Falaana Facaacebing MIAERAAAED 2L badass ammniimend sk (RPRRPRSURY JR SV IR N e )
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Kymriah#] Yescarta CAR-TE LR IS EER)

g el

August 28, 2018

U NOVARTIS OurCompany  OurFocus  OurSclence  JoinUs

Novartis receives European
Commission approval of its
CAR-T cell therapy, Kymriah®
(tisagenlec‘euce‘ ) Yescarta® (Axicabtagene Ciloleucel)

— Receives European Marketing
Authorization for the Treatment of
Relapsed or Refractory DLBCL and
PMBCL, After Two or More Lines of
Systemic Therapy
» The EC approval is based on the first global CAR-T registrafion [ -

trials, which included patients from eight European countries and

demonstrated durable responses and a consistent safety profile
in r/r pediatric B-cell ALL and r/r DLBCL

« Nowartis is the only company with an approved CAR-T cell
therapy for pediatric r/r B-cell ALL and the first to receive
approval in two distinct indications, both in the EU and the US

Global CART Cell Therapeutic Company

(Till 2018)

Number of companies worldwide Global distribution of CAR cell therapeutic companies
developing certain type of commercial
immune cell products
5. Korea, 5
B CAR cell only
H DC only

¥ TCR-T
NK cells

W VST

HTILs

M ys Tcells

UK, &

Japan, 5
France, 3

Australia, 2
Germany, 1

1. Atotal number of companies in the dataset is 215. R P E1R O gEE Al fR e = A SE I VS tH 57

2. There are 68 colrzpajzies (1|/3. of(:z!l immunocellular B3 31{I]. No CART company in Taiwan (2018)
companies worldwide) only in China.
P ) onlyin Chi A BERSENEV FEBRUARY 2, 2018/115 Companies




Cell Therapy and Regeneration Medicine

Organoid
(cell + 3D printing)

Cell Cell

product Ljf%@ Tissée

-~

Cell sheet
(cell + scaffold)

Establishment of ES cell knes

Scaffold

mickoenvironmgnts Cell signaling
Cell patterning and
construction of 3-0 bssue

Stem Cell-based Tissue Engineering

Paolo Macchiarini, MD, PhD,*® Thorsten Walles, MD,*® Christian Biancosino,” and Heike Mertsching, PhD,?

Hannover, Germany

638 The Journal of Thoracic and Cardiovascular Surgery » October 2004

Human Transplantation
Biopsy . of the tissue engineered
(e mtioms - \ch
mm ) pal
—r 5 7= )
I ) \_4\ » Human cells
I W ’3/ are seeded
vi J on themibtrix

A/ Cellular

(] : .. isolation ‘\ET » :

Isolation of pordne o : E
jejunum segment = >

Figure 1. Process ol engineering the bioartificial patch, Muscle cells and fibroblasts are isolated from a biopsy
spacimen obtained from the patient. Those cells are seeded on a bislogic matrix representing a collagen network
generated from a decellularized porcine jejunal segment. During the incubation period, the cells stan 1o remodel
the xenogenic matrix and replace it with autologous compective tisswe. Within 4 weeks. this autologous
bioartificial implant can be clinically used. The computed tomographic scan of the chest & weeks after graft
implantation shows the site farrow) where the ti i patch was The right pleural cavity
is completely filled with the transpased omentum major and right subscapular muscle.

First human transplantation of a bioengineered airway tissue

The story of Claudia Castillo
HOW THE REVOLUTIONARY TECHNIQUE WC

1: TB had dai
the patient's windpipe
stopping air reaching lungs

taken from a deceased
I‘ID;GI'. sp&&tlrnt Is ‘washed’ 4: New cartilage cells are grown on
grown Int to stop nt’s body to the scaffold of the windpipe
mm the lab g rejecting donor cells section and transplanted into patient

Paolo Macchiarini., et al.
Clinical transplantation of a tissue-engineered airway. Lancet, 2008
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2014 @ k@ The first tissue-engineered airway transplantation: 5-year
fOIIOW'UP results + 2008: Implanted World's First Donor Trachea
+ Recipient: Claudio Castillo
+ Survived Procedure — Now Has Normal Respiratory
Function

Alessandro Gonfiotti Massimo O Jaus, Daniel Barale, Silvia Baiguera
Giovanni Rombold, Philipp Jungebluth, Paolo Macchiarini

Summary
Loncet 2014;383: 23844 Background In 2008, the first transplantation of a tissue-engineered trachea in a human being was done to replace an

Published Online  end-staged left main bronchus with malacia in a 30-year-old woman. We report 5 year follow-up results.
October 23, 2013

Artificial trachea
researcher responds to
misconduct report
June 26,,2015

Regenerative Medicine
Researcher Cleared of
Scientific Misconduct
Charges

Aug. 28, 2015

Macchiarini P (2011). "Bioartificial

tracheobronchial transplantation. Interview
with Paolo Macchiarini". REGENERATIVE =3 ;
MEDICINE 6 (6 Supplement): 14-15. 2 Nobel Judges Fired as

Figure 2: Imaging findings at 5 years after transplantation L 1
Multidetector C ks (Mach,2013) thwing the e grftwith  nosrsl posirl ansstomass, () cororns Biggest Scandal Roils Sweden
view, (8) 3 Muh; T March, 2013) showing a normal distal anastomosis (C)with a 2016 Sep 7, 2016 11:45 AM CDT

normal inflated lung (D)
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Cell Sheet and Regeneration Medicine
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Limbal stem cells ”
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Cornea

* Regonerative treatment of corneal
epithelium using corneal limbal or oral
mucosal epithelial cell sheets

Esophagus

* Regenerative treatment
using oral mucosal
epithelial cell sheets

for Barrett’ s esophagus
or after endoscopic resection
of esophageal cancer

i

Periodontium

and organs
by the manipulation of cell sheets

* Periodontal tissue
regenerative therapy
using periodontal
ligament cell sheets

“"“--..._______,..—/

'Liver

* Liver regenerative medicine
using highly functional gene
transferred sheets

« A new approach to seal
pulmonary air leak such

as pneumothorax using dermal
fibroblast cell sheets
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Forming of Formation of Fabrication of thick
cell sheots multi-layered coll Iu:uo or organ with
i fraeil shoots having  Tu SVCLADTN VBTN
about 100 to 200 pm vessels (3D)
: thickness (3D)
Lung

Heart @

* Regenerative therapy of

dilated and ischemic cardiac
diseases using mesenchymal
stem cell or myoblast sheets

*Inner ear reqenerah\m
therapy using nose
mucosal cell sheets

e

Car‘tllage

* Regenerative therapy of
articular cartilage using
cartilage cell sheets

Pancreas

* New diabetes therapy using
alterative tissues of pancreatic
islet cell sheots
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A Traditional Develop of a Biologic Product
A single manufacturer produces i
the product Single facility

T R

Trial site 1 ‘ | Trial site 2 [ Trial site 3 Trial site 4 ‘

| | |
l

Single product |

Clinical trials are conducted at multiple
sites using a commaon protocol, and
a single application is submitted
to the FDA

If the product is approved, a single
biologics license is issued

B Alternative Development of a Biologic Product

Multiple manufacturers produce
the product at different sites
according to the same protocol

Facility 1 ‘ | Facility 2 | ‘ Facility 3 | | Facility 4 ‘

l | | l

Trial site 1 ‘ | Trial site 2 | ‘ Trial site 3 | | Trial site 4 ‘

Patients are enrolled at each site under
a multicenter clinical trial protocal,
and multiple applications

are submitted to the FDA l I l l

Multiple site-specific biologics licenses [

are issued, each based on submission
aof a combination of the facility-specific
manufacturing information with
the common clinical trial data
from all sites
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