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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, 6X109 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 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 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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Miki Maehara,

Masahiko Watanabe

Regenerative
Medicine
International
Society- Asia Pacific
Meeting (TERMIS-
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growth factor- and Nami Asari, Research 2016
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