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Development of Cell Production and Processing Systems for human pluripotent
stem cells of Regenerative Medicine (Retinal pigment epithelium, Liver cells)

We are going on a development of the cell production system, which is composed of automated cell
processing manipulators and various functional isolator modules connectable aseptically in the
Osaka University centralized R&D laboratory (OCL). In the FY 2016, standard operation procedures
of all the processes for a product (retinal pigment epithelium), which are for manual manipulations
in a processing module of the system, have been prepared. When the procedures were optimized for
automated manipulation, they were installed to the system in phases. After the installation,
program verifications were carried out by practices of the cell processing processes.

A process procedure design for iPS cell expansion is also proceeded in the OCL. Two medium
change procedures, which are two different methods using single-use vessels of 500 mL or 1 L, were
tried in parallel to construct the optimized condition of the operation procedures. A new pH sensor
for the large scale single-use culture bag (20 L) was developed and verified in the OCL. For the
purpose of 1010 cells expansion, 6x10° of iPS cells could be obtained by culturing up to a bioreactor of
5 L scale and the problems, which were occurred in the process, were picked out. In addition, two
types of culture vessel, having a bottom of many small dimples, have been developed for high-density
culture of agglomerative cells. Furthermore the investigation of particulars to hurdle in the
downstream process design also have been carried out.

We have gotten a good result in the development of essential substrates for culture. A 1x coating
reagent of the laminin 511-E8 fragment, which is unnecessary dilution and optimized for automation,
has been developed, and certificated by 1PS cell culture. In parallel, a laminin pre-coated culture
vessel has been also developed, and both were decided to be on sale. We have become to obtain the
hemagglutinin reagent stably, and the functional characteristics are being investigated for
development of the culture method without passage culture.

For quality control or process control, two application software for parametric analysis of live
human iPS cells (colony or agglomeration) have been developed. Furthermore, an elimination
method of tumorigenic human iPS cells using a recombinant lectin derivative was investigated to
clarify the possibility for adopting in the cell production process.

To construct a production control and management system, some cell manufacturing trials of the
partial process and the observational study of operational movement using a calibrator equipment
were carried out in the OCL. A sampling device has been developed and installed in an isolator
module, and a sampling of small amount of cell suspension or culture medium was successfully
realized. For simplification of the process operations, a prototype of material loading pod was
developed, and the amount time of an interface decontamination was shortened by modification of
the pipe laying. In parallel, a prototype of production/process scheduler and some programs of
simulator for process design were developed.

In the marketing and strategy for industrialization, an analysis of the market and a production
cost simulation were carried out. For a direct marketing and an outreach, the 3th User Forum was
held in February 2017, collaborated with the Akutsu (MSC) group. Furthermore, the findings

obtained in this project have been used for standardization (ISO) and preparation of guidelines.
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Development of Cell Production and Processing Systems for Mesenchymal stem cell of Regenerative
Medicine

In this project, with the aim of improving "regenerative medicine using MSCs", we are developing a
manufacturing system for cellular products derived from human MSCs. The outcome of this project
is a system that can secure mesenchymal stem cells derived from bone marrow / umbilical cord /
cartilage, the number of cells equivalent to about 70 times the amount of cells required for one
clinical treatment for osteoarthritis Furthermore, we successfully achieved the product development
of new cell evaluation method, quality improvement of cryopreservation and cell environment
management system in storage and transfer process, so our project could contribute to further
development of regenerative medicine industry.
Primary cell lines (from bone marrow, umbilical cord and cartilage tissues) were originally derived
and provided to this project. These cell lines were examined biological characteristics and used to
verify our developing products.
We designed and developed a cell sorter system joined in the isolater to achieve purification target
cells with 90% purification. And a novel large-scale incubator suited for an isolater was originally
developed to achieve ten times volume than commercial product.
We developed a gene expression measurement kit and a lectin (ELISA) assay kit that can evaluate
differentiation potential of MSCs. Regarding genomic stability assay of MSCs, a custom array CGH
kit with high density mounting of tumor-related probes which were including all recommendations of
the PMDA Scientific Committee. The array CGH kit (C3 check service) was confirmed detectability of
genomic copy number abnormality against cellular products with high accuracy.
Appropriate program for scalable MSCs was developed into an automated cell culture system by
using closed culture bags. Large volume equivalent of 1 x 108 cells to production of 70 transplantable
cell sheets was achieved. To improve the efficiency of the culture environment, a novel application
was found that a prescription of GMP compliant recombinant protein (RCP) promotes adhesion and
initial proliferation of MSCs. Moreover, culture medium for regenerative medicine is developed.
Cryoprotectants have prepared under GMP conditions, and launched two kinds of Japan's first
GMP-compliant cryopreservation media. We have developed a temperature information
chronologically integrated management system and demonstrated that such system was suitable for
cell product preservartion/transportation. And a prototype simple freezing transport container was
developed and filed a patent application.
Application validation for osteoarthritis: knee cartilage regeneration medicine As a nonclinical study
for gaining POC, a model of knee cartilage full layer deficiency in Japanese white rabbits was
established. The xenotransplantation model for cartilage regeneration medicine was finalized.
As outreach activities, user forums were held each fiscal year. We also proceeded with the
construction of a comprehensive strategy by cost calculation survey, standardization collaboration,

internal and external trend survey.
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Development of a regenerative medicine product manufacturing system of human pluripotent stem cell
origin (Cardiomyocytes and Nerve)

In this project we develop regenerative medical products such automated devices, culture media and
substrates as individual elemental technologies concerning each process control technology for ensuring
process accuracy and reliability. Furthermore, we construct a manufacturing system in which these are
optimally combined and linked.

(1 Large scale production

Culture medium and methods development: About low-cost medium of stable quality with multiple
compounds and the methods of differentiation for cardiomyocytes & neurons we obtained the
developmental results suitable for large-scale automatic culture. Large scale automatic culture
equipment development: Expansion culture using an automatic culture device and preparation of
dopaminergic neurons could be carried out on schedule. And in the no-stirring suspension culture
large-scale automatic culture bioreactor (1010 cells/10L scale) has been improved. Separation and
purification: We developed a compound that selectively kills human pluripotent stem cells and showed
excellent selectivity. Processing and evaluation: Regarding cardiomyocytes, construct cardiac tissue-like
graft by biodegradable polymer aligned nanofiber were prepared and cardiac function was improved by
transplantation into a rat myocardial infarction model. Quality control / evaluation: We conducted data
acquisition of cell samples obtained by non-stirring suspension culture and automatic culture apparatus
of this project and feedbacked to analysis and device development. We developed new analytical
techniques for karyotype, genome, epigenome analysis etc. and we have advanced the design and
construction of the document system of the quality control process in the cell manufacturing system and
its operation method. Preservation and transportation: We developed a cryopreservation solution of
human pluripotent stem cells and differentiated cells. We also promoted commercialization of cell freezing
containers that prevent liquid nitrogen contamination. In the development of a transport system for cell
products, we developed and marketed a cell container for transport that can be transported for a long time.
Evaluation and prediction of the market and competition: For the diseases (myocardial infarction and
neurological diseases) targeted by this project, we surveyed and evaluated market and competitive
information on business plan planning. We estimated the manufacturing cost.

(2 Manufacturing system construction

Construction of cell product manufacturing system: Concerning the interface between various
manufacturing equipment and manufacturing process management system installed in the Intensive
Research Laboratory of Nakatsuji Kyoto University (IRLNKU) , the concrete design was advanced about
IRLNKU and half was completed at the facility by minimum required function. Quality control in
manufacturing process: We created a prototype of a software system that extracted various control items
by mainly at Kyoto University. In parallel, we proceeded with a study of a demonstration version of an
integrated system that operates at a cell product manufacturing facility. Investigation of
commercialization of regenerative medicine cell products: The plan of IRLNKU is underway mainly on the
above-mentioned research and development items. In addition to promoting prediction of economic

efficiency, we are currently examining cooperation plans for commercialization.
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Development of BEE Mee-Hae Kim Wi [E AR ) T4 2016/4/22 ESP4
culture strategies for (KSBB) (BN, i
stem cell maintenance =)
and differentiation
through regulation of
cell behaviors
Glycan-targeted RAH Hiroaki Tateno, International 2016/6/22 ESP4S
elimination of — Yasuko Onuma, Society for Stem Cell
tumorigenic human Yuzuru Ito, Research 2016
pluripotent stem cells Jun Hirabayashi (ISSCR 2016)
by an engineered Annual Meeting
lectin-toxin fusion (San Francisco,
protein drug California)
Development of a RAH Mee-Hae Kim, International 2016/6/23 ESE4N
robust human iPSC — Masahiro Kino-oka Society for Stem Cell
culture-propagation Research 2016
strategy through (ISSCR 2016)
botulinum Annual Meeting
hemagglutinin-mediat (San Francisco,
e selective removal of California)
deviated cells
Effect of cell migration | R A % Eri Shizui, International 2016/6/22 ESPYS
behavior on deviation | — Mee-Hae Kim, Society for Stem Cell
from the Masahiro Kino-oka | Research 2016
undifferentiated state (ISSCR 2016)
in colony of human Annual Meeting
induced pluripotent (San Francisco,
stem cells California)
Novel in vitro assay AR 4 Xie Yucheng, International 2016/6/24 ESPYS
system for incipient — Mee-Hae Kim, Society for Stem Cell

functional impairment
of retinal toxicity using
retina epithelial

pigment cells

Masahiro Kino-oka

Research 2016
(ISSCR 2016)
Annual Meeting

(San Francisco,
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California)

State of the art HEA Masahiro Kino-oka | 2016 Tissue 2016/9/5 ESPYS
technology for cell Engineering and
manufacturing Regenerative
Medicine
International
Society- Asia Pacific
Meeting (TERMIS-
AP 2016)
(Taipei, Taiwan)
Designing culture T Mee-Hae Kim, 2016 Tissue 2016/9/6 [E] 4+
microenvironments to Yuuki Ogawa, Engineering and
direct stem-cell fate in Masahiro Kino-oka Regenerative
the regulation of cell Medicine
behaviors International
Society- Asia Pacific
Meeting (TERMIS-
AP 2016)
(Taipei, Taiwan)
Assessment of the WA K Manabu Mizutani, 2016 Tissue 2016/9/4 [E] 4+
difference of cell — Hazuki Samejima, Engineering and
growth rate 1: the Hiroshi Terunuma, Regenerative
individual differences Masahiro Kino-Oka | Medicine
at the manufacturing International
using autologous cells Society- Asia Pacific
under the cancer Meeting (TERMIS-
immunotherapy in AP 2016)
Japanese clinical (Taipei, Taiwan)
Assessment of the RN Hazuki Samejima, 2016 Tissue 2016/9/4 ESE4N

difference of cell
growth rate 2: the
influence of the
storage period after
the collection of blood
for immune cell
manufacturing in

Japanese clinical

Manabu Mizutani,

Masahiro Kino-Oka,

Keisuke Ashiba,

Hiroshi Terunuma

Engineering and
Regenerative
Medicine
International
Society- Asia Pacific
Meeting (TERMIS-
AP 2016)

(Taipei, Taiwan)
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Investigation of (| Masaki Yano, The 27th 2016/9/22 ESP4
particle behavior in a Takuya Yamamoto, International
stirred tank for Yasunori Okano, Symposium on
optimization of Toshiyuki Kanamori, | Transport
suspension culture of Masahiro Kino-oka Phenomena
iPS cell (Honolulu, Hawaii)
Numerical study of mIET] Masaki Yano, The 23th Regional 2016/10/28 ESP4S
fluid dynamics and Takuya Yamamoto, Symposium on
particle behavior in an Yasunori Okano, Chemical
iPS cell culture tank Toshiyuki Kanamori, | Engineering
Masahiro Kino-oka | (RSCE2016)
(Vung Tau City,
Vietnum)
Pump-free perfusion RAH Tomoki Ohkubo, The 20th 2016/10/11 ESE4S
tissue culture plate — Masaki Kanai, International
for large-scale Hirohisa Abe, Conference on
production of liver bud Satoshi Ayano, Miniaturized
Hideki Taniguchi, Systems for
Masahiro Kino-oka Chemistry and Life
Sciences (MicroTAS
2016)
(Dublin, Ireland)
Comprehensive cell RA % Masahiro Kino-oka, | Scale-up and 2017/1/16 ESP4S
manufacturing system | — Manabu Mizutani Manufacturing of
based on flexible Cell-based
modular platform Therapies V; An ECI
Conference Series
(ECL Engineering
Conferences
International)
(San Diego,
California)
High density culture of | 158 Suman Chandra Scale-up and 2017/1/16 ESP4

human induced
pluripotent stem cells
through the
refinement of medium
by dialysis in

suspension

Nath,

Masahiro Kino-oka

Manufacturing of
Cell-based
Therapies V; An ECI
Conference Series
(ECL Engineering
Conferences

International)
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high-cell-density iPS
cell suspension culture
device using dialysis
membranes for

optimization of

Ikki Horiguchi,

Yasuyuki Sakai,
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DMSO-free chemically | 78 A % Yasuko Onuma, International 2016/6/22 ESE4S
defined — Madoka Shimizu, Society for Stem Cell
cryopreservation of Yasuhiko Ohgi, Research 2016
human mesenchymal Yuzuru Ito (ISSCR 2016)
stem cells and Annual Meeting
chondrocytes (San Francisco,
California)
Alpha 2-6sialylation is | R A% Hiroaki Tateno, International 2016/6/22 ESP2N
a marker of the — Masashi Toyoda, Society for Stem Cell
differentiation Yasuko Onuma, Research 2016
potential of human Yuzuru Ito, (ISSCR 2016)
mesenchymal stem Hidenori Akutsu, Annual Meeting
cells Jun Hirabayashi (San Francisco,
California)
Enhancement of ANA% | Koji Muraya, International 2016/6/22 | [E4+
cellular adhesion and | — Tomoyuki Society for Stem Cell
proliferation by direct Kawasaki, Research 2016
instillation of type I Toshihiko Maekawa, | ISSCR 2016)
collagen based Yasuhiro Yoshioka, Annual Meeting
recombinant protein Hidenori Akutsu (San Francisco,
solution into culture California)
medium
Rabbit mIGTE] Takumi Takahashi, | 2016 Tissue 2016/9/5 [ 4+
xenotransplantation Masato Sato, Engineering and

model for evaluating
human chondrocyte
sheets for articular
cartilage repair at 12

weeks

Eriko Toyoda,
Hideyuki Maruki,

Daichi Takizawa,
Ayako Tominaga,
Eri Okada,

Miki Maehara,

Masahiko Watanabe

Regenerative
Medicine
International
Society- Asia Pacific
Meeting (TERMIS-
AP 2016)

(Taipei, Taiwan)
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Evaluation of culture RAH Takumi Takahashi, | The Orthopaedic 2017/3/20-2 | E4+
conditions for — Masato Sato, Research Society 1
allogeneic chondrocyte Eriko Toyoda, 2017 Annual
sheets in a rabbit Miki Maehara, Meeting (San Diego,
xenotransplantation Daichi Takizawa, California)
model Yasuyuki Sogo,
Hideyuki Maruki,
Ayako Tominaga,
Eri Okada,
Tomomi Kotoku,
Masahiko Watanabe
b MREMES—ro | ARY | S E. 5537 [l HARRIE-FF | 2016/6/16 | EX
RBEBEET VICED | — ek TEN s O
FEATE % O fENT « B JERER BH ERA.
Bl — N ORERE A F5AT,
it GoRE MG N
i) AL
GIP e
g F&ih.
FrH IR
MeFRmmE7 L — b & | HEA YE O — A8 b T % 48 [A1FK | 2016/9/6 = A
N T Z FRRERRE ok TH E, FRE (B
b SRR ELISN
(2B T DR B - e R o
)7 SR
b MREMES— R~ | O it [ %5 31 [l HAEIZAMF | 2016/10/13 | [EA
REBWET VIZLD Ve EA. FRIEEINES (8
AR ORESE © KR 12 BH AT fi] 117)
T FEATG A FHAT
TERE VNN
i R
A S8,
TnggE FiA.
FiH FRA
PAEEFEE BIE LM | N8 [IYNEIs ERAliE OB IE - Bk | 2016/10/15 | EA

TE R INEE RS S AT
NGRS

TED=dDar

—Y T L Bl
KT T L

(RBRRFIR FH )

22




HEs NI A28 | 058 (A MDA %68 CSIfb¥ 7 = | 2016/11/15 | [HFN
25 A K 2016 (AT
F)IX)
ABAEER L EREEL | 0 (A MDA % 48] JMAC > | 2017/1/13 | HN
UL (B
)
DMSO-free 7 I U — | RAX | /NH T %5 16 [mIFERHF - pEEE | 2017/1/31 | @A
TAT7Ay R | — K HME # LS-BT & A 785
RIFRIC X 5 b hEE AR RE Fa (KBRS <F
PSP SERON g g ik 2k )
e D WS PR AT
MERmMROER | K22 | B B %5 16 [mIFERRHF - pEEE | 2017/1/31 | @
BEELE AR D AT — JEAS 1FD # LS-BT & [FIAFZE %
biew IS i RE (KRS <F
AR REZ )
filfi 1 A LA
NE BR’A
HH FHAd
B R
[DYSEELS:
(Al LA
b hEFERE M — | HEE wlf e, 55 16 [8] A AR A ERR | 2017/3/7 EH
N OBIET VLD BH EFT ok (e
BT T VA AR SEH
il - REBE
GORE NG =N
T Rz
A FIT.
Bk #T
30 ez
PeE EA
DMSO-free EIMIEH | AAZ | /N T %5 16 [51 H ARFAEER | 2017/3/9 EH
RTRIcE e M | — K EME Pk (ET)
RIS K OV AR RE
HARR O BAE R AT ik 5k

23




[ H0F5Ed)]

EEEERN
~ LT E
JEFE H AR — RERE KA FEF LTS W - 4k
ol o DAl

Human iPS/ES cell RAHZ Kouichi Hasegawa, | International 2016/6/22 ESE4S
self-renewal under — Noriko Yoshida, Society for Stem Cell
growth factor- and Nami Asari, Research 2016
ECM-free condition Tatsuhiko Ikeda, (ISSCR 2016)

Hosein Annual Meeting

Shahsavarani, (San Francisco,

Shin-ya Yasuda, California)

Neha

Vartak-Sharma
Scalable production of | AR A ¥ Haixin Zhang, International 2016/6/22 ESE4S
neuro-spheres from — Wado Akamatsu, Society for Stem Cell
human pluripotent Takamichi Mivazaki, | Research 2016
stem cells in a 3D Kazuhiro Aiba, (ISSCR 2016)
culture system Hideyuki Okano, Annual Meeting
containing functional Norio Nakatsuji (San Francisco,
polymers California)
Engineered functional | RA % Junjun Li, Itsunari | 13t International 2016/6/23 ESE4S
anisotropic and — Minami, Leqian Yu, | Society for Stem Cell
3-demensional Yuji Shiba, Norio Research (ISSCR
hiPS-derived cardiac Nakatsuji, Li Liu, 2016) Annual
tissue-like construct Yong Chen Meeting (San
for drug assessment Francisco,
and cardiac disease California)
repairing
Human KRR A Junjun Li, Cell Symposia 10 2016/9/26 | E4+
1iPSCs-engineered — Itsunari Minami, Years of iPSCs
anisotropic cardiac Leqian Yu, (Berkeley,
tissue-like construct Motoko Shiozaki, California)
for drug assessment Yuji Shiba,
and cardiac disease Shin Yajima,

repairing

Satsuki Fukushima,
Noburiro Morone,
Hitetoshi Kotera,
Shigeru Miyagawa,
Yoshiki Sawa,
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Norio Nakatsuii,

Li Liu,

Yong Chen

Introduction of AMED | F8H Takashi Asada Cell & Gene Meeting | 2016/10/6 ESP4
RM project: open on the Mesa
innovation for large (La Jolla, California)
scale and cost effective
cell production
systems using human
ES/iPS cell lines
Novel platform of mIET] Koji Kuchishi Stem Cell Meeting 2016/10/9 ESP4
engineering functional on the Mesa
tissues (San Diego,

California)
Xeno-free human RAH Motoko Shiozaki American Heart 2016/11/13 | E4+
induced pluripotent — Shigeru Miyagawa, | Association (AHA)
stem cell-derived Satsuki Fukushima, | Scientific Sessions
cardiomyocyte cell Itsunari Minami, 2016
sheet transplantation Shin Yajima, (New Orleans,
promise the safety and Keitaro Domae, Louisiana)
effectiveness in the Atsuhiro Saito,
treatment for heart Takashi Asada,
failure Norio Nakatsuji,

Yoshiki Sawa

iPS i f sk Ol | 1R [ —hk M7 A4 74 7 | 2016/11/2 | EHA
DI L —va VRISHEE

YH—VIRT T L
Allogeneic (WIGTE Yuji Shiba World Stem Cell 2016/12/8 | FE4+
transplantation of iPS Summit 2016 5tk
cell-derived Annual Japan
cardiomyocytes Symposium (West
regenerates non-human Palm Beach,
primate hearts Florida)
Preclinical M g8 Yuji Shiba World Stem Cell 2016/12/8 | [E4+
transplantation study of Summit 2016 (West
1PS cell-derived Palm Beach,
cardiomyocytes for Florida)
cardiac repair
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Hidekazu Yamazaki | ECI Conference
Series (ECT;
Engineering
Conferences
International)
(San Diego,
California)
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Development of Cell Production and Processing Systems for human pluripotent
stem cells of Regenerative Medicine (Retinal pigment epithelium, Liver cells)

We are going on a development of the cell production system, which is composed of automated
cell processing manipulators and various functional isolator modules connectable aseptically in the
Osaka University centralized R&D laboratory (OCL). In the FY 2016, standard operation
procedures of all the processes for a product (retinal pigment epithelium), which are for manual
manipulations in a processing module of the system, have been prepared. When the procedures
were optimized for automated manipulation, they were installed to the system in phases. After the
installation, program verifications were carried out by practices of the cell processing processes.

A process procedure design for iPS cell expansion is also proceeded in the OCL. Two medium
change procedures, which are two different methods using single-use vessels of 500 mL or 1 L, were
tried in parallel to construct the optimized condition of the operation procedures. A new pH sensor
for the large scale single-use culture bag (20 L) was developed and verified in the OCL. For the
purpose of 1010 cells expansion, 6xX109 of iPS cells could be obtained by culturing up to a bioreactor
of 5 LL scale and the problems, which were occurred in the process, were picked out. In addition, two
types of culture vessel, having a bottom of many small dimples, have been developed for high-
density culture of agglomerative cells. Furthermore the investigation of particulars to hurdle in the
downstream process design also have been carried out.

We have gotten a good result in the development of essential substrates for culture. A 1x coating
reagent of the laminin 511-E8 fragment, which is unnecessary dilution and optimized for
automation, has been developed, and certificated by iPS cell culture. In parallel, a laminin pre-
coated culture vessel has been also developed, and both were decided to be on sale. We have become
to obtain the hemagglutinin reagent stably, and the functional characteristics are being investigated
for development of the culture method without passage culture.

For quality control or process control, two application software for parametric analysis of live
human iPS cells (colony or agglomeration) have been developed. Furthermore, an elimination
method of tumorigenic human iPS cells using a recombinant lectin derivative was investigated to
clarify the possibility for adopting in the cell production process.

To construct a production control and management system, some cell manufacturing trials of the
partial process and the observational study of operational movement using a calibrator equipment
were carried out in the OCL. A sampling device has been developed and installed in an isolator
module, and a sampling of small amount of cell suspension or culture medium was successfully
realized. For simplification of the process operations, a prototype of material loading pod was
developed, and the amount time of an interface decontamination was shortened by modification of
the pipe laying. In parallel, a prototype of production/process scheduler and some programs of
simulator for process design were developed.

In the marketing and strategy for industrialization, an analysis of the market and a production
cost simulation were carried out. For a direct marketing and an outreach, the 3th User Forum was
held in February 2017, collaborated with the Akutsu (MSC) group. Furthermore, the findings

obtained in this project have been used for standardization (ISO) and preparation of guidelines.
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Development of Cell Production and Processing Systems for Mesenchymal stem cell of
Regenerative Medicine

In this project, with the aim of improving "regenerative medicine using MSCs", we are developing a
manufacturing system for cellular products derived from human MSCs. The outcome of this project
is a system that can secure mesenchymal stem cells derived from bone marrow / umbilical cord /
cartilage, the number of cells equivalent to about 70 times the amount of cells required for one
clinical treatment for osteoarthritis Furthermore, we successfully achieved the product development
of new cell evaluation method, quality improvement of cryopreservation and cell environment
management system in storage and transfer process, so our project could contribute to further
development of regenerative medicine industry.
Primary cell lines (from bone marrow, umbilical cord and cartilage tissues) were originally derived
and provided to this project. These cell lines were examined biological characteristics and used to
verify our developing products.
We designed and developed a cell sorter system joined in the isolater to achieve purification target
cells with 90% purification. And a novel large-scale incubator suited for an isolater was originally
developed to achieve ten times volume than commercial product.
We developed a gene expression measurement kit and a lectin (ELISA) assay kit that can evaluate
differentiation potential of MSCs. Regarding genomic stability assay of MSCs, a custom array CGH
kit with high density mounting of tumor-related probes which were including all recommendations
of the PMDA Scientific Committee. The array CGH kit (C3 check service) was confirmed
detectability of genomic copy number abnormality against cellular products with high accuracy.
Appropriate program for scalable MSCs was developed into an automated cell culture system by
using closed culture bags. Large volume equivalent of 1 x 108 cells to production of 70
transplantable cell sheets was achieved. To improve the efficiency of the culture environment, a
novel application was found that a prescription of GMP compliant recombinant protein (RCP)
promotes adhesion and initial proliferation of MSCs. Moreover, culture medium for regenerative
medicine is developed.
Cryoprotectants have prepared under GMP conditions, and launched two kinds of Japan's first
GMP-compliant cryopreservation media. We have developed a temperature information
chronologically integrated management system and demonstrated that such system was suitable for
cell product preservartion/transportation. And a prototype simple freezing transport container was
developed and filed a patent application.
Application validation for osteoarthritis: knee cartilage regeneration medicine As a nonclinical
study for gaining POC, a model of knee cartilage full layer deficiency in Japanese white rabbits was
established. The xenotransplantation model for cartilage regeneration medicine was finalized.
As outreach activities, user forums were held each fiscal year. We also proceeded with the
construction of a comprehensive strategy by cost calculation survey, standardization collaboration,

internal and external trend survey.
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Development of a regenerative medicine product manufacturing system of human pluripotent stem cell
origin (Cardiomyocytes and Nerve)

In this project we develop regenerative medical products such automated devices, culture media and
substrates as individual elemental technologies concerning each process control technology for ensuring
process accuracy and reliability. Furthermore, we construct a manufacturing system in which these are
optimally combined and linked.

(1 Large scale production

Culture medium and methods development: About low-cost medium of stable quality with multiple
compounds and the methods of differentiation for cardiomyocytes & neurons we obtained the
developmental results suitable for large-scale automatic culture. Large scale automatic culture
equipment development: Expansion culture using an automatic culture device and preparation of
dopaminergic neurons could be carried out on schedule. And in the no-stirring suspension culture large-
scale automatic culture bioreactor (1010 cells/10L scale) has been improved. Separation and
purification: We developed a compound that selectively kills human pluripotent stem cells and showed
excellent selectivity. Processing and evaluation: Regarding cardiomyocytes, construct cardiac tissue-like
graft by biodegradable polymer aligned nanofiber were prepared and cardiac function was improved by
transplantation into a rat myocardial infarction model. Quality control / evaluation: We conducted data
acquisition of cell samples obtained by non-stirring suspension culture and automatic culture apparatus
of this project and feedbacked to analysis and device development. We developed new analytical
techniques for karyotype, genome, epigenome analysis etc. and we have advanced the design and
construction of the document system of the quality control process in the cell manufacturing system and
its operation method. Preservation and transportation: We developed a cryopreservation solution of
human pluripotent stem cells and differentiated cells. We also promoted commercialization of cell
freezing containers that prevent liquid nitrogen contamination. In the development of a transport system
for cell products, we developed and marketed a cell container for transport that can be transported for a
long time. Evaluation and prediction of the market and competition: For the diseases (myocardial
infarction and neurological diseases) targeted by this project, we surveyed and evaluated market and
competitive information on business plan planning. We estimated the manufacturing cost.

(2 Manufacturing system construction

Construction of cell product manufacturing system: Concerning the interface between various
manufacturing equipment and manufacturing process management system installed in the Intensive
Research Laboratory of Nakatsuji Kyoto University (IRLNKU) , the concrete design was advanced
about IRLNKU and half was completed at the facility by minimum required function. Quality control in
manufacturing process: We created a prototype of a software system that extracted various control items
by mainly at Kyoto University. In parallel, we proceeded with a study of a demonstration version of an
integrated system that operates at a cell product manufacturing facility. Investigation of
commercialization of regenerative medicine cell products: The plan of IRLNKU is underway mainly on
the above-mentioned research and development items. In addition to promoting prediction of economic

efficiency, we are currently examining cooperation plans for commercialization.
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Daisuke Ido,
Takashi Shiina,
Masamichi Ohkura,
Junichi Nakai,
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Narumi Uno,
Yasuhiro Kazuki,
Mitsuo Oshimura,
Itsunari Minami,

Uichi Ikeda

Efficient adhesion culture of
human pluripotent stem cells
using laminin fragments in an

uncoated manner

Takamichi
Miyvazaki, Takehisa
Isobe,

Norio Nakatsuji,

Hirofumi Suemori

Scientific Reports

2017; 7 41165-
41172.

Efficient induction of
dopaminergic neuron
differentiation from induced
pluripotent stem cells reveals
impaired mitophagy in PARK2

neurons

Sadafumi Suzuki,
Wado Akamatsu,
Fumihiko Kisa,

Takefumi Sone, Kei-
Ichi Ishikawa,
Naoko Kuzumakai,
Hiroyuki Katayama,
Atsushi Miyawaki,
Nobutaka Hattor1i,

Biochem. Biophys.

Res. Commun.

2017, 483,88-93

Hideyuki Okano
A synthetic hybrid molecule for Di Mao, Angew. Chem. Int. 2017,56 (7):1765-
the selective removal of human Shin Ando, Ed. 1770
pluripotent stem cells from cell Shin-ichi Sato,
mixtures Ying Qin,
Nao Hirata,

Yousuke Katsuda,

Eihachiro Kawase,

Ting-Fang Kuo,
Itsunari Minami,
Yuji Shiba,
Kazumitsu Ueda,

Norio Nakatsuji,

Motonari Uesugi

ISR~ 7285 e S i
X5 E kPSR

HUNBEBETEAN

ER)IDE—

The Chemical Times

2016. 3. 7-11
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Development of mTE] Mee-Hae Kim Wi [E AR M) T 2016/4/22 ESP3S
culture strategies for (KSBB) (BN,
stem cell maintenance i [E])
and differentiation
through regulation of
cell behaviors
Glycan-targeted RA L Hiroaki Tateno, International 2016/6/22 ESE4S
elimination of — Yasuko Onuma Society for Stem
tumorigenic human Yuzuru Ito, Cell Research 2016
pluripotent stem cells Jun Hirabayashi (ISSCR 2016)
by an engineered Annual Meeting
lectin-toxin fusion (San Francisco,
protein drug California)
Development of a RAH Mee-Hae Kim, International 2016/6/23 ESE4S
robust human iPSC — Masahiro Kino-oka Society for Stem
culture-propagation Cell Research 2016
strategy through (ISSCR 2016)
botulinum Annual Meeting
hemagglutinin- (San Francisco,
mediate selective California)
removal of deviated
cells
Effect of cell migration | 78 A ¥ Eri Shizui, International 2016/6/22 ESE4S
behavior on deviation | — Mee-Hae Kim, Society for Stem
from the Masahiro Kino-oka | Cell Research 2016
undifferentiated state (ISSCR 2016)
in colony of human Annual Meeting
induced pluripotent (San Francisco,
stem cells California)
Novel in vitro assay AN Xie Yucheng, International 2016/6/24 ESE4S
system for incipient — Mee-Hae Kim, Society for Stem
functional impairment Masahiro Kino-oka Cell Research 2016
of retinal toxicity (ISSCR 2016)
using retina epithelial Annual Meeting
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pigment cells

(San Francisco,

California)
State of the art B Masahiro Kino-oka | 2016 Tissue 2016/9/5 ESp48
technology for cell Engineering and
manufacturing Regenerative
Medicine
International
Society- Asia Pacific
Meeting (TERMIS-
AP 2016)
(Taipei, Taiwan)
Designing culture (I Mee-Hae Kim, 2016 Tissue 2016/9/6 ESP4
microenvironments to Yuuki Ogawa, Engineering and
direct stem-cell fate in Masahiro Kino-oka Regenerative
the regulation of cell Medicine
behaviors International
Society- Asia Pacific
Meeting (TERMIS-
AP 2016)
(Taipei, Taiwan)
Assessment of the WA % | Manabu Mizutani, 2016 Tissue 2016/9/4 ESP4
difference of cell — Hazuki Samejima, Engineering and
growth rate 1: the Hiroshi Terunuma, Regenerative
individual differences Masahiro Kino-Oka | Medicine
at the manufacturing International
using autologous cells Society- Asia Pacific
under the cancer Meeting (TERMIS-
immunotherapy in AP 2016)
Japanese clinical (Taipei, Taiwan)
Assessment of the NP Hazuki Samejima, 2016 Tissue 2016/9/4 ESP2N

difference of cell
growth rate 2: the
influence of the
storage period after
the collection of blood
for immune cell
manufacturing in

Japanese clinical

Manabu Mizutani,

Masahiro Kino-Oka,

Keisuke Ashiba,

Hiroshi Terunuma

Engineering and
Regenerative
Medicine
International
Society- Asia Pacific
Meeting (TERMIS-
AP 2016)

(Taipei, Taiwan)
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Investigation of mGTE] Masaki Yano, The 27th 2016/9/22 ESP4
particle behavior in a Takuya Yamamoto, International
stirred tank for Yasunori Okano, Symposium on
optimization of Toshivuki Transport
suspension culture of Kanamori, Phenomena
iPS cell Masahiro Kino-oka (Honolulu, Hawaii)
Numerical study of M85 Masaki Yano, The 23th Regional 2016/10/28 | E4k
fluid dynamics and Takuya Yamamoto, Symposium on
particle behavior in an Yasunori Okano, Chemical
iPS cell culture tank Toshiyuki Engineering
Kanamori, (RSCE2016)
Masahiro Kino-oka | (Vung Tau City,
Vietnum)
Pump-free perfusion RAHZ Tomoki Ohkubo, The 20th 2016/10/11 ESP2N
tissue culture plate — Masaki Kanai, International
for large-scale Hirohisa Abe, Conference on
production of liver bud Satoshi Ayano, Miniaturized
Hideki Taniguchi, Systems for
Masahiro Kino-oka Chemistry and Life
Sciences (MicroTAS
2016)
(Dublin, Ireland)
Comprehensive cell RA L Masahiro Kino-oka, | Scale-up and 2017/1/16 ESE4S
manufacturing system | — Manabu Mizutani Manufacturing of
based on flexible Cell-based
modular platform Therapies V; An
ECI Conference
Series (ECIL;
Engineering
Conferences
International)
(San Diego,
California)
High density culture of | 158 Suman Chandra Scale-up and 2017/1/16 ESP4

human induced
pluripotent stem cells
through the
refinement of medium
by dialysis in

suspension

Nath,

Masahiro Kino-oka

Manufacturing of
Cell-based
Therapies V; An
ECI Conference
Series (ECT;

Engineering
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Conferences

International)
(San Diego,
California)
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Small-scale high-cell- | " A% | Hanbin Kim, (b2 T2 5 48 [RIFK | 2016/9/7 ESIo
density iPS cell — Ikki Horiguchi, FRE (fEET)
suspension culture Yasuyuki Sakai,

device using dialysis
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membranes for
optimization of

operations conditions
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DMSO-free chemically | 78 A ¥ Yasuko Onuma International 2016/6/22 ESE4N
defined — Madoka Shimizu, Society for Stem
cryopreservation of Yasuhiko Ohgi, Cell Research 2016
human mesenchymal Yuzuru Ito (ISSCR 2016)
stem cells and Annual Meeting
chondrocytes (San Francisco,
California)
Alpha 2-6sialylationis | RA % Hiroaki Tateno, International 2016/6/22 ESP4S
a marker of the — Masashi Toyoda, Society for Stem
differentiation Yasuko Onuma Cell Research 2016
potential of human Yuzuru Ito, (ISSCR 2016)
mesenchymal stem Hidenori Akutsu, Annual Meeting
cells Jun Hirabayashi (San Francisco,
California)
Enhancement of R A% | Koji Muraya, International 2016/6/22 | [E4+
cellular adhesion and — Tomoyuki Society for Stem
proliferation by direct Kawasaki, Cell Research 2016
instillation of type I Toshihiko (ISSCR 2016)
collagen based Maekawa, Annual Meeting
recombinant protein Yasuhiro Yoshioka, (San Francisco,
solution into culture Hidenori Akutsu California)
medium
Rabbit ] Takumi Takahashi, | 2016 Tissue 2016/9/5 =4+
xenotransplantation Masato Sato, Engineering and

model for evaluating
human chondrocyte

sheets for articular

cartilage repair at 12

weeks

Eriko Toyoda,
Hideyuki Maruki,

Daichi Takizawa,
Ayako Tominaga,
Eri Okada,

Miki Maehara,
Masahiko Watanabe

Regenerative
Medicine
International
Society- Asia Pacific
Meeting (TERMIS-
AP 2016)

(Taipei, Taiwan)

21



Evaluation of culture RAH Takumi Takahashi, | The Orthopaedic 2017/3/20- | E4+
conditions for — Masato Sato, Research Society 21
allogeneic chondrocyte Eriko Toyoda, 2017 Annual
sheets in a rabbit Miki Maehara, Meeting (San
xenotransplantation Daichi Takizawa, Diego, California)
model Yasuyuki Sogo,
Hideyuki Maruki,
Ayako Tominaga,
Eri Okada,
Tomomi Kotoku,
Masahiko Watanabe
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Human iPS/ES cell RA L& Kouichi Hasegawa, | International 2016/6/22 ESP4S
self-renewal under — Noriko Yoshida, Society for Stem
growth factor- and Nami Asari, Cell Research 2016
ECM-free condition Tatsuhiko Ikeda, (ISSCR 2016)
Hosein Annual Meeting
Shahsavarani, (San Francisco,
Shin-ya Yasuda, California)
Neha Vartak-
Sharma
Scalable production of | AN A ¥ Haixin Zhang, International 2016/6/22 ESP4S
neuro-spheres from — Wado Akamatsu, Society for Stem
human pluripotent Takamichi Cell Research 2016
stem cells in a 3D Miyazaki, (ISSCR 2016)
culture system Kazuhiro Aiba, Annual Meeting
containing functional Hideyuki Okano, (San Francisco,
polymers Norio Nakatsuji California)
Engineered functional | " A ¥ Junjun Li, Itsunari | 13t International 2016/6/23 ESP4S
anisotropic and 3- — Minami, Leqian Yu, | Society for Stem
demensional hiPS- Yuji Shiba, Norio Cell Research
derived cardiac tissue- Nakatsuji, Li Liu, (ISSCR 2016)
like construct for drug Yong Chen Annual Meeting
assessment and (San Francisco,
cardiac disease California)
repairing
Human iPSCs- A K Junjun Li, Cell Symposia 10 2016/9/26 ESE4S

engineered anisotropic
cardiac tissue-like
construct for drug
assessment and
cardiac disease

repairing

Itsunari Minami,
Leqgian Yu,

Motoko Shiozaki,
Yuji Shiba,

Shin Yajima,
Satsuki Fukushima,
Noburiro Morone,
Hitetoshi Kotera,
Shigeru Miyagawa,
Yoshiki Sawa,

Years of iPSCs
(Berkeley,

California)
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Norio Nakatsuji,

Li Liu,

Yong Chen

Introduction of AMED Takashi Asada Cell & Gene 2016/10/6 ESP4
RM project: open Meeting on the
innovation for large Mesa
scale and cost effective (La Jolla, California)
cell production
systems using human
ES/iPS cell lines
Novel platform of Koji Kuchishi Stem Cell Meeting 2016/10/9 ESP4S
engineering functional on the Mesa
tissues (San Diego,

California)
Xeno-free human Motoko Shiozaki, American Heart 2016/11/13 | [#E4+
induced pluripotent Shigeru Miyagawa, | Association (AHA)
stem cell-derived Satsuki Fukushima, | Scientific Sessions
cardiomyocyte cell Itsunari Minami, 2016
sheet transplantation Shin Yajima, (New Orleans,
promise the safety and Keitaro Domae, Louisiana)
effectiveness in the Atsuhiro Saito,
treatment for heart Takashi Asada,
failure Norio Nakatsuji,

Yoshiki Sawa

PSS il el F 0o 7 Al frd Ak HESTHT A 7 A /X | 2016/11/2 | EAN
DI AL —va VRISHEE

YH—VIRT T L
Allogeneic Yuji Shiba World Stem Cell 2016/12/8 | [#EH4+
transplantation of iPS Summit 2016 5tk
cell-derived Annual Japan
cardiomyocytes Symposium (West
regenerates non-human Palm Beach,
primate hearts Florida)
Preclinical 58 Yuji Shiba World Stem Cell 2016/12/8 | [#H4+

transplantation study of
iPS cell-derived
cardiomyocytes for

cardiac repair

Summit 2016 (West
Palm Beach,
Florida)
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Hidekazu Yamazaki | ECI Conference
Series (ECT;
Engineering
Conferences
International)
(San Diego,
California)
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