Development of closed, scalable and AUTOmated robotic systems
for therapeutic STEM cell manufacturing: aseptic systems from
“Donor-to-Patient”

Welcome to the Spring 2017 Newsletter
for the EU Project AUTOSTEM
This is AUTOSTEM’s first newsletter. We welcome the opportunity to update you
on our latest news.
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AUTOSTEM –
At A Glance
A reminder of the project’s key aims and objectives

Dr Mary Murphy NUIG,
AUTOSTEM Coordinator

AUTOSTEM is an EU H2020 project that is developing a closed, automated, sterile pipeline for largescale production of therapeutic stromal cells (MSCs). The project aims to enable lower-cost, higherquality and more consistent MSCs to be produced, ultimately helping patients to benefit from new
cell therapies.
MSCs offer new hope as a treatment for several diseases and conditions. Hundreds of clinical trials
are in progress, testing new MSC therapies. However, current manufacturing protocols are inefficient
and labour intensive. As new cell therapies are approved, there is a real risk that the future supply of
MSCs will not be able to meet clinical demand. AUTOSTEM aims to revolutionise the MSC production
process, generating clinical quantities of high quality MSCs at an affordable cost, thereby facilitating
the routine clinical use of MSC therapies in the future.
The AUTOSTEM pipeline starts with a bone marrow donation, taken from a donor’s hip bone using
a novel suction device being developed by the project. This is transferred to a production line,
where robotic systems will support the isolation of MSCs from the bone marrow and the culture
and expansion of the MSCs, ultimately delivering a large volume of high quality cells. The production
line will also include real-time process management, checks on cell condition and monitoring of the
environment. Crucially, the entire process will be completed with minimal direct manual intervention,
thereby removing much of the risk of error and contamination.

Bone marrow is taken from the
hip bone of a donor using a
novel suction device

The AUTOSTEM process

Cells are transferred to a sterile
production line, designed and
developed by AUTOSTEM

Cells are cultured
using novel bioreactor
technology, which
allows for more efficient
production than existing
methods

AUTOSTEM will support
the production of high
quality MSCs at scale
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THE STORY SO FAR
AUTOSTEM started in January 2016. Since
then we have made significant progress
towards our goal of delivering a closed,
automated and sterile pipeline for largescale production of therapeutic stromal cells
(MSCs). Some highlights from our work to
date are described below.

Cell Selection and Expansion
Orbsen Therapeutics Ltd (Orbsen) is leading our work
in AUTOSTEM on MSC selection and expansion. We
are combining multiple novel technologies with the
aim of identifying not just the optimal MSC population,
but also the optimal cell culture conditions for the
expansion of these cells.

Our research in AUTOSTEM has been made possible
because of work previously carried out by Orbsen
and the Regenerative Medicine Institute (REMEDI),
National University of Ireland, Galway. Orbsen
identified and patented a novel MSC marker CD362,
Introduction
In AUTOSTEM bone marrow will be harvested from which recognised Syndecan-2, on the surface of
patients using a novel harvesting device. This bone MSCs. Similarly, REMEDI identified a novel marker
marrow will then be delivered into the pipeline, currently referred to as REM1. Both these markers
where MSC will be selected, cultured and expanded. result in enrichment of MSC populations from bone
The environment in the pipeline bioreactors will be marrow improving the purity of the starting cell
closely monitored (using sensor technology) to ensure population.
optimum conditions are maintained. Progress through
the pipeline will be fully automated. The output of These methods are being explored for the selection
the pipeline will be clinical quantities of high quality of MSCs from source tissue and subsequent culture
in a novel chemically-defined, animal serum-free
MSCs.
cell culture medium. The medium was previously
Our main scientific work to date can best be captured developed in REMEDI and is hoped to improve the
quality and safety of cell therapies as therapeutic
under the following headings:
MSCs will not have been exposed to animal products.
•
Bone Marrow Harvesting Device
The combination of the novel antibody selection tools
•
Cell Selection and Expansion Technologies
and serum-free medium will hopefully significantly
•
Bioreactors
reduce the heterogeneity currently seen in the MSC
•
Sensor Technology
field, which has led to significant issues, such as a lack
•
Cell Production Pipeline
of reproducibility in clinical efficacy.
Bone Marrow Harvesting Device
AUTOSTEM partner Crospon Limited have been
developing the project’s novel harvesting device.
Principal activities in recent months have revolved
around documentation and verification and validation
activities for the AUTOSTEM marrow extractor in
preparation for CE mark submission. An initial trial at
marrow extraction is scheduled for 3rd April 2017.
This is being done so that there are no surprises
when the larger study team travel to Strasbourg for
the formal marrow extraction study to examine the
effect of different extraction pressures on cell yield,
which is now scheduled to be conducted on 1st and
2nd June. Although human studies will not take place
until later this year, ethics committee approval will
be required, and Crospon is currently working on
an ethics submission for conduct of this trial in NUI
Galway.

The ultimate goal is to merge these technologies with
a novel bioreactor system for large scale expansion
to produce therapeutic doses of MSCs. This will be
done by binding the novel antibodies to macrocarriers
which will select the cells of interest and then allow
them to be expanded for large scale use. Previous
work carried out by REMEDI has shown that
MSCs cultured on these macrocarrier ‘waffles’ can
proliferate and differentiate very effectively as shown
in Figure 1 (Proliferation) and Figure 2 (Osteogenic
differentiation).
The hope is that by selecting a purified MSC population
we can further improve this effect and develop a very
potent cell therapy for the field of orthopaedics.
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Figure 1 DAPI nuclear staining indication
proliferation of MSCs on bioreactor ‘waffles’ over
time in serum-free and serum-containing medium

Bioreactors
The main focus at the AUTOSTEM partner, Aston
University over recent months has been to compare
multiple bioreactor technologies for the large scale
production of clinically relevant bone marrow derived
human MSC. Over the past few months, hMSC
growth in small stirred vessel bioreactors (i.e. 100
mL spinner flasks) on Plastic microcarriers (PALL Life
Sciences, UK) was evaluated and monitored over
12 day culture periods. Three different donor lines
were used for all experiments to account for donorto-donor variability. Samples were taken regularly in
culture and imaged under a phase contrast inverted
microscope, as well as under a fluorescent microscope

Figure 2 Alizarin red staining indicating
osteogenic differentiation of serum-free and
serum-containing MSCs on bioreactor ‘waffles’

to visualise cells on microcarriers (as shown in Figure
3). Spent medium samples were also collected daily
to measure nutrient consumption and metabolite
production during culture.
Cells successfully attached to the provided
microcarriers and started proliferating as early as the
second day post-inoculation, while remaining viable
during the culture period (Figure 3).

Sensor Technology
This work stream in AUTOSTEM is focused on the
design and fabrication of a sensing system capable of
providing online real time information on dissolved
oxygen, pH, temperature,
cell density, glucose and
lactate in a bioreactor.
Development
of
the
sensing system is complex
and straddles a number
of different
disciplines
including electrochemistry,
Figure 3 Live/dead staining of surface chemistry, silicon
sensing
MSCs on microcarriers. Live fabrication,
signal
cells appear green, while dead instrumentation,
processing
and
software
cells are red.
development.
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We have already designed, fabricated and
characterised a number of microtransducers in this
work package to use for sensor development and
optimisation (which is now well underway). We
envisage the first working prototype will be available
circa December 2018.

Additionally, regulatory aspects such as current
Good Manufacturing Practice (cGMP) compliance are
considered within the process and platform design in
order to allow a fast translation of the project results.
Therefore, we envisage an infrastructure that consists
of different areas with graduated clean room levels.

Cell Production Pipeline
The AUTOSTEM cell production pipeline is one of
the core outputs of the project. It integrates and
combines the processes, knowledge and technology
developed by the consortium within AUTOSTEM. This
central infrastructure will allow the fully automated
manufacture of MSCs without any direct interaction
of the operator with the product throughout the
entire process chain.

Software for the operation of the platform is being
developed simultaneously with the hardware
development. The control level interconnects the
automated devices and hardware, monitors and
controls the process and allows the tracking and
storage of all data. This way, the automated facility
will contribute to the documentation process and
satisfaction of regulatory requirements.

In the course of the first months of the project the
platform concept and design was developed by the
Fraunhofer IPT in close collaboration with the project
partners. An automated manufacturing process was
laid out based on state of the art protocols for selection,
expansion and formulation of MSCs. Building on this,
a comprehensive range of tasks for completion within
the platform was collated. The individual steps to be
carried out include the cultivation, sampling, analysis,
liquid transfer or formulation and filling of the final
product. One of the specific aspects of the project
is that the system must be able to perform different
handling tasks in order to substitute the human
operator. Therefore, robot arms are integrated for the
handling and transportation of the disposables.

In the coming months, our work will continue with
the design and construction of the individual modules
as well as the build-up of the enclosing AUTOSTEM
platform.
Conclusion
It will be seen from the above that we are making good
progress towards achieving our goals in AUTOSTEM.
Ultimately we hope to deliver high quality and
high volume MSCs at an affordable cost. This will
benefit industry, researchers and clinicians, but most
importantly, it will open the door to MSC therapies
for patients in the future.

Working with MSCs in
the lab at NUI Galway.
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Read all about it!
Details of some recent publications

AUTOSTEM research is ongoing. We
envisage many scientific publications
in the months ahead, based on our
work. However, the team have already
released some significant publications.
Recent examples are described here.
“Developing an automated robotic factory for novel
stem cell therapy production”
(Qasim A Rafiq, Karen Twomey, Michael Kulik,
Christian Leschke, John O’Dea, Sarah Callens, Chiara
Gentili, Frank P Barry, Mary Murphy). Regenerative
Medicine 11/4 351-354. DOI: 10.2217/rme-20160040.
This article explains the background to the AUTOSTEM
project and sets out the steps involved in delivering
large-scale MSC production at clinical grade using an
automated pipeline.
“Cell and gene therapy manufacturing: the necessity for
a cost-based development approach”
(Richard P Harrison, Qasim A Rafiq & Nicholas
Medcalf). Cell and Gene Therapy Insights 2/1 489-497.
DOI: 10.18609/cgti.2016.014.
Here the authors examine the central role economics
will play in the development of cell and gene therapies
and in the production and manufacture of clinical raw
materials.
“Automation in the context of stem cell production –
where are we heading with Industry 4.0?”
(Michael Kulik, Jelena Ochs, Niels König, Robert
Schmitt). Cell and Gene Therapy Insights 2/4 499-506.
DOI: 10.18609/cgti.2016.060.
This article deals with the translation and application of
automation solutions from the production industries
into cell culture applications. Standardized processing
procedures will deliver reduced variability, which is
of key importance in the clinical sphere. Apart from
automation and standardisation, novel tools which
may be useful include data tracking, data analysis and
machine learning technologies.

“The evolving role of automation in process development
& manufacture of cell & gene-based therapies”
(Qasim A Rafiq, Robert J Thomas) Cell and Gene
Therapy Insights 2/4 473-479. DOI: 10.18609/
cgti.2016.058.
In this piece the authors consider the drivers for
automation in cell and gene therapy manufacturing
(e.g. the regulatory requirement for reproducibility,
clinical need for consistency and commercial
imperatives for cost efficiency). The current role
of automation in healthcare manufacture is also
considered. The authors examine how the contribution
made by automation might evolve in the world of cell
and gene therapy and what the resulting benefits may
be, while also weighing up the related capital costs.

In addition to publishing papers, the partners
have also presented and spoken about
AUTOSTEM at different conferences and
events, including:
• The ISCT Conference 26 May 2016:
‘Solutions for Automation’.
• Cell & Gene Therapy Automation Webinar
7 December 2016.
• A FACTT meeting, Galway 5-7 October
2016 (Action to Focus and Accelerate
Cell-based Tolerance-Inducing Therapies,
funded through COST programme).

Dr Qasim Rafiq (UCL/Aston)
one of the authors on 3 of
the papers above.
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The AUTOSTEM project began on 1 January 2016. As the project enters its second
year, we are focusing on the following:
• Finalising our novel harvesting device and securing a CE mark.
• Defining advanced process protocols, pipeline specifications and integration of
different functional modules.
• Securing ethical approvals for testing the AUTOSTEM harvesting device.
• Exploring optimal bioreactor surfaces.
• Preparing for the TERMIS-EU 2017 AUTOSTEM symposium “New Cellular
Technologies in Oncology and Regenerative Medicine”, to be held on 26-30 June
2017 in Davos, Switzerland.
• Discussing results and future plans at the project’s plenary meeting in July 2017.
• Submitting our first interim report to the EU.
• Continuing our programme of dissemination.
• Turning our attention to exploitation of results and future collaborations between
the partners.

For more information about the AUTOSTEM project visit our website: http://www.autostem2020.eu/.
In particular, for project materials, see http://www.autostem2020.eu/the-project/
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Meet the Team

The AUTOSTEM consortium is a multidisciplinary mix of engineers, regenerative medicine scientists and high-tech companies from 4 European countries, led by Dr Mary Murphy of the National University of Ireland, Galway. The partners in the project are set out below. For more details
see http://www.autostem2020.eu/

For further information on the project please see the Project
website
http://www.autostem2020.eu/
You can also follow us on
Twitter: https://twitter.com/autostem2020;
Facebook: https://www.facebook.com/autostem2020/
and LinkedIn: https://www.linkedin.com/company/autostem
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