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The European Society for Animal Cell Technology (ESACT) brings together
scientists, engineers and other specialists working with animal cells in order to promote
communication of experiences between European and International investigators and
progress the development of cell systems and productions derived from them. ESACT
was founded in 1976 to create a forum for the exchange of ideas on biological and
engineering techniques to promote knowledge and the use of human and animal cells
e.g. for the manufacturing of products. The membership consists of scientists and
engineers in academic, medical and industrial R&D and Production at applied science
institutions and universities, in the medical services, in industry, and in the political and
regulatory bodies. ESACT actively encourages interactions between academia,
governmental and policy making agencies and the manufacturing and service industries.
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ESACT Frontiers Program (EFP) is an initiative within the ESACT focused on promoting
career progression and active engagement of young generations to ESACT and to the
field of Animal Cell Technology (ACT). Its mission is to facilitate the cooperation and
knowledge exchange among young scientists of the ACT community and to provide an
easy‐to‐access platform to connect young researchers with ESACT senior members.
With this, the next generation of ESACT scientists gets a platform to influence the
development of the society and can give the young generation of scientists a voice in
our community. ESACT Frontiers will actively encourage the participation and
interaction between Master, PhD students and post‐doctoral fellow members of the
society with the goal of supporting training and career development. EFP will also
launch initiatives to challenge early‐career researchers to promote academia‐industry
interaction and to support innovative and unconventional ideas helping to open ESACT
to future trends of science and technology. EFP was founded in 2014 and the first group
is constituted by early‐career scientists and engineers from academic, governmental and
private institutions:








Simon Ausländer, ETH Zurich (Basel Area, Switzerland)
Emma Petiot, University Claude Bernard Lyon 1 (Lyon, France)
Ana Filipa Rodrigues, iBET (Oeiras, Portugal)
Christopher Sellick, MedImmune (Cambridge, UK)
Verena Lohr, Sanofi (Frankfurt, Germany)
Paulo Fernandes, Autolus (London, UK)
Mercedes Segura, Bluebird bio (Cambridge, MA, USA)
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SPONSORS
The ESACT Frontiers Organizing Committee wishes to thank the following
Sponsors for their generous support:
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ORGANIZING & SCIENTIFIC COMMITTEES
Organizing Committee:
‐
‐
‐
‐
‐
‐
‐

Simon Ausländer, ETH Zurich, Switzerland
Emma Petiot, University Claude Bernard Lyon 1, France
Ana Filipa Rodrigues, iBET, Portugal
Christopher Sellick, MedImmune, UK
Verena Lohr, Sanofi , Germany
Paulo Fernandes, Autolus, UK
Mercedes Segura, Bluebird bio, Cambridge, MA, USA

A special thank you to:

‐
‐
‐
‐
‐
‐
‐
‐

Mario Andres Pizzorno, University Claude Bernard Lyon 1, France
Mathieu Cesari, Independent Consultant in Biotechnologies, France
Igor Slivac, University of Zagreb, Croatia
Sebastian Schwamb, Sanofi, Germany
Claire Pearce, MedImmune, UK
David Ausländer, ETH Zurich, Switzerland
Aziza Manceur, NRC Montréal, Canada
Sven Ansorge, NRC Montréal, Canada

ESACT Office:
‐
‐

António Roldão
Els van den Berg

Scientific Committee:
‐
‐
‐
‐
‐
‐
‐
‐
‐

Amine Kamen, McGill University, Canada
Ana Sofia Coroadinha, Instituto de Biologia Experimental e Tecnológical, Portugal
Francesc Gòdia, Universitat Autònoma de Barcelona, Spain
Hansjörg Hauser, Helmholtz Centre for Infection Research, Germany
Otto Merten, Généthon, France
Ricardo Kratje, Universidad Nacional del Litoral, Argentina
Sebastian Sart, Ecole Polytechnique CNRS, France
Silvia Winckler, Sanofi, Germany
Yves Durocher, National Research Council Canada, Canada

Book of Abstract Editors:
‐
‐

Ana Filipa Rodrigues, iBET, Portugal
Igor Slivac, University of Zagreb, Croatia
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CONFERENCE VENUES
Novotel Lyon Gerland Confluence
The conference takes place in Novotel Lyon Gerland Confluence hotel. A 10‐
minute walk from Lyonbiopole and the Stade de Gerland, this modern hotel is also an
11‐minute walk from the emblematic Musée des Confluences. At the confluence of the
Rhône and the Saône, this is the first museum in Europe to combine the history of
science and societies. The hotel area is well served by public transportation, enabling
ease of access to the city’s main attractions, such as the Basilica of Notre‐Dame de
Fourvière (6 km) and the Parc de la Tête d'Or (8 km). For those having a vehicle, private
indoor parking is available for a fee.

Address: 70 Avenue Leclerc
LYON CEDEX 07
69363 Lyon – France

Tel: (+33)4/72711111
Fax: (+33)4/72711100

Subway (Metro): Line B, station Debourg
Bus: Line 60, station Leclerc Girard; Line C22, station Place A. Perrin
Tramway: Line T1, station Halle Tony Garnier
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The Lyon Museum of Fine Arts
The Conference Gala Dinner takes places in the Lyon Museum of Fine Arts. It is a
municipal museum of fine arts in the city of Lyon and one of the largest French and
European museums. Located in the heart of Lyon near the Places des Terreaux, between
the Rhône and Saône rivers, it is found in the magnificent building of a former
Benedictine convent of the 17th and 18th Centuries. The collections are exhibited in
over 70 rooms and offer visitors an outstanding sample of art from antiquity to
contemporary art. The museum is regularly enriched through an active acquisition policy
that relies on donors, art lovers, collectors and the descendants of artists.

Address: 20 Places des Terreaux
69001 Lyon – France
Exhibition entrance: 16 rue Edouard Herriot
Parking (fee): Parking Terreaux, Hôtel de Ville ‐ Louis Pradel
Subway (Metro): Lines A and C, station Hôtel de Ville ‐ Louis Pradel
Bus: Lines 1, 3, 6, 13, 18, 19, 44, station Musee des Beaux Arts

Public Transportation in Lyon
Lyon TCL
The city of Lyon offers a very connected and efficient network of public transportation,
including 4 metro lines, 5 tramway lines, 2 funicular lines and over 130 bus lines. The
means of transport of the TCL network are complementary. A single ticket enables you
to go from metro to bus, tram or funicular as many times as you like during one hour.
However, you can't do a return journey on the same ticket. Of note, most services start
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near 5h00 a.m. and finish by 00h30 a.m. Please access the TCL website
(http://www.tcl.fr/en) for more information.

Vélo’v
Vélo’v is a service offered by Lyon Métropole, comprising a system of 4,000
rental bikes found at 348 stations in Lyon and Villeurbanne. This service is available for
riders who are 14 and older. It's available 24/7, 365 days a year. Each station has a
terminal with a touch screen for accessing the various offers and a series of attachment
posts for parking the bikes. Whatever the offer chosen, the first 30 minutes of use on
each new trip are free of charge. Please access the Vélo’v website for more information:
http://www.velov.grandlyon.com/en/how‐to‐use.html
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CONFERENCE SCHEDULE
THURSDAY 20TH OCTOBER
10:00 – 14:00

REGISTRATION
14:00 – 14:30 – Welcome speech "ESACT Frontiers History" –
Dr. Yvonne Genzel – Magdeburg Max Plank Institute
14:30 – 15:30 – Opening Keynote – “30 (+) Years of
OPENING SESSION

14:00 – 16:10

Chairs:
Yvonne Genzel
&
Emma Petiot

16:10 – 16:30

COFFEE BREAK

Transient Gene Expression: From Small to Large Scale”
– Prof. emeritus Florian Wurm ‐ Ecole Polytechnique Fédérale
de Lausanne (EPFL)
15:30 – 16:00 – Public speaking seminar – Thomas Kost –
Former Director, Biological Reagents and Assay Development,
GlaxoSmithKline
16:00 – 16:10 – Presentation of ESACT 2017 Lausanne –
Martin Jordan – ESACT Meeting 2017, Organizing Committee
Member

16:30 – 16 :45 – Finding the high‐producers: Efficient selection
of CHO cell lines ‐ Nusa Pristovsek ‐ Novo Nordisk Foundation
16:45 – 17 :00 – Generation of high production cell lines for
sustainable production of biopharmaceuticals ‐ Benjamin
Weis ‐ Institute of Applied Biotechnology

ORAL SESSION I
16:30 ‐ 18:00

Chairs :
Florian Wurm
&
Christopher Sellick

17 :00 – 17:15 – Understanding epigenetic mechanisms in
defined chromosomal sites to overcome instable and low
expression ‐ Natascha Goedecke ‐ Helmholtz centre for
infection research
17 :15 – 17:30 – Engineering of recombinant antibody
producing CHO cells to improve productivity and robustness
by knockdown/knockout strategies ‐ Lisa Alexandra Pieper ‐
University of Stuttgart, Institute of Cell Biology and
Immunology
17:30 – 17:45 – Developing a lactate‐inducible transgene
expression system in Chinese Hamster Ovary cells ‐ Charles
Motraghi ‐ Imperial College London
17:45 – 18:00 – Insights into cellular Processes ‐ Fabian Bindel
‐ Sanofi

18:00 ‐ 18:30

BREAK

18:30 ‐ 22:00

POSTER SESSION I
&
COCKTAIL DINNER

18:30 – 19:30 – Presentation of odd number posters
19:30 – 20:30 – Presentation of even number posters
20:30 – 22:00 – Cocktail Dinner
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FRIDAY 21ST OCTOBER
08:00 – 10:00

COLLABORATION
WORKSHOP –
PART I

10:00 – 10:30

COFFEE BREAK

10:30 – 12:30

COLLABORATION
WORKSHOP –
PART II

12:30 ‐ 13:30

LUNCH BUFFET

13:30 ‐ 14:30

POSTER SESSION II

Collaboration workshop ‐ Exercises: “Icebreaker, Cultural
differences” ‐ Michael Heath Consulting

Collaboration workshop ‐ Exercises: "Why is it difficult to
collaborate?, Collaboration exercise, Closing remarks"‐
Michael Heath Consulting

14:30 – 14:45 – Introduction to the Think Tank

THINK TANK
WORKSHOP

14:45 – 16:00 – Groups Brainstorming
14:30 – 17:45

Chairs:
Simon Ausländer
&
Paulo Fernandez

15:30 – 16:00 – Coffee break
16:15 – 17:45 – Group presentations

18:00 ‐ 23:30

GALA DINNER AT
MUSEUM OF FINE
ARTS ‐
CONFERENCE
GUEST
SANOFI PASTEUR

18:00 – 18:45 – Travel to Gala Dinner venue
18:45 – 19:45 – Visit of Antiquity Area of Museum of Fine Art
19:45 – 20:30 – Conference Guest « Emotional Intelligence » ‐
Catherine Moste – Sanofi Pasteur
20:30 – 23:00 – Gala Dinner

SATURDAY 22ND OCTOBER

ORAL SESSION II
08:30 – 10:00

Chairs:
Hitto Kaufmann
&
Verena Lohr

08:30 – 08:45 – From “wet lab” to “In Silico lab”: When
simple model structures meet large scale and complex cell
metabolism and cell growth – Bassem Ben Yahia – UCB
Pharma
08:45 – 09:00 – Optimization of a mammalian cell perfusion
culture in productivity and product quality ‐ Moritz Wolf ‐ ETH
Zurich
09:00 – 09:15 – Enhanced analytical platform for advanced
process control of CHO cell culture processes ‐ Bernhard
Sissolak ‐ University of Natural Resources and Life Sciences
09:15 – 09:30 – Employing next‐generation sequencing based
genetic characterization to enhance success in CHO cell line
development ‐ Simon Fischer ‐ Boehringer Ingelheim Pharma
GmbH & Co.KG
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09:30 – 09:45 – 3rd Generation poly(ethylene imine)
combines biocompatibility and efficient gene delivery ‐ Tanja
Bus ‐ Friedrich Schiller University Jena
09:45 –10:00 – Combination of oxygen‐generating biomaterial
and oxygen carrier: a strategy to maintain encapsulated
pancreatic islets functionality in a hypoxic environment ‐
Anne Mouré ‐ IECM, INRA, Oniris, Université de Nantes
10:00 – 10:30

COFFEE BREAK
CAREER
WORKSHOP

10:30 – 12:00
Chairs:
Verena Lohr

10:30 – 10:50 – Academia – Kerstin Otte – HBC
10:50 – 11:10 – Industry – Hitto Kaufmann – DG Sanofi
11:10 – 11:30 – Start‐up – Marcel Tigges – Co‐founder
BioVersys
11:30 – 12:00 – Round table and questions

12:00 –13:00

LUNCH BUFFET
13:00 – 13:15 – In‐line, real‐time process monitoring and
modelling by in situ Raman spectroscopy ‐ Celine Barraud –
Sanofi Pasteur
13:15 – 13:30 – Engineered cell lines for influenza vaccine
production ‐ Lilí E. Gallo Ramírez ‐ Max Planck Institute for the
Dynamics of Complex Technical Systems.
ORAL SESSION III

13:00 ‐ 14:30

Chairs:
Hansjörg Hauser
&
Ana Filipa
Rodrigues

CLOSING SESSION
14:30 – 15:30

Chairs:
Hansjörg Hauser
&
Mercedes Segura

13:30 – 13:45 – Production of influenza‐like particles using
transfection and transduction in Human Embryonic Kidney
cells ‐ Charlotte Foissard – Laboratoire VirPath
13:45 – 14:00 – Metabolic analysis and modelling approaches
to de‐construct enveloped viral particles production in the
Insect Cell‐Baculovirus Expression System ‐ Francisca
Monteiro – IBET.
14:00 – 14:15 ‐ Model‐based analysis of influenza A virus
replication in genetically modified cell lines elucidates virus
host‐cell interactions ‐ Tanja Laske ‐ Max Planck Institute for
the Dynamics of Complex Technical Systems.
14:15 – 14:30 ‐ Development of a vectored vaccine against
hepatitis E virus: production, purification and evaluation of
the immunogenicity of the vaccine ‐ Khaled Trabelsi ‐ Institut
Pasteur de Tunis.
14:30 – 15:10 ‐ Closing Keynote ‐ "An experience of
collaborative science : IGEM competition" ‐ Valérie Desjardin
– INSA Lyon / Team Leader INSA‐Lyon IGEM 2014 & Heidi
Böhnert ‐ CPE‐Lyon Engineer School / IGEM Judge in 2014 &
2016
15:10 ‐ 15:30 ‐ Closing remarks ‐ Hansjörg Hauser ‐ ESACT
Committee president
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OPENING SESSION
30(+) Years of Transient Gene Expression:
From Small to Large Scale
Florian M. Wurm, prof. emeritus EPFL, Lausanne and CEO, ExcellGene SA, Monthey,
Switzerland
From its first use in the (Graham and Van der Eb 1973), transient gene expression (TGE) in
HEK 293 cells and other cell hosts is a key technique in thousands of labs trying to understand
cells and products thereof. The talk will try to elaborate on bottlenecks (perceived and real) to
use TGE efficiently in different host systems, focusing however on those that are more
frequently used in the generation of secreted proteins for structural analysis and for preclinical
research.
The wish to scale TGE up and thus to provide hundreds of milligrams and grams of
proteins by this technique has been studied (in my lab) since the late 1980s. Research has been
closing the gap in volumetric yield for optimized TGE processes as compared to industrial
“stable” CHO processes. However, the scale of operation gap remains between to the two
protein expression options from cultured cells in bioreactors, at least with respect to the very
large operation (>1000 L). The reasons for this are multiple and I will try to highlight some and
discuss them.

Speaker’s biography
Florian M. Wurm was trained as Biologist/Molecular Geneticist in Germany. He worked in
industry (Behringwerke AG, Virology Department, Marburg and Genentech Inc, Process Sciences
Department, San Francisco) for 15 years during the earlier parts of his career. His work at
Genentech contributed to the generation and manufacturing of several high‐value products,
such as Herceptin® ‐ an anti‐breast cancer antibody, Pulmozyme® ‐ for Cystic Fibrosis and
TNKase TPA® ‐ a highly potent Thrombolytic agent, (now sold in the multi‐billion $/year range).
In 1995 he was appointed Professor for Biotechnology at Swiss Federal Institute of Technology,
Lausanne (EPFL), where he established a research group for the field of Process Sciences with
animal cells in bioreactors and where he gave classes in Pharmaceutical Biotechnology. He
retired from this position in 2015. As founder (2001) and CEO (2015) of ExcellGene SA, a
successful and self‐funded service and product manufacturing company, he combines industry‐
relevant research and development with entrepreneurial activity. Through the work of co‐
workers at ExcellGene, several new proteins have entered clinical trials in the US and in Europe.
Florian is member and past Chairman of the European Society of Animal Cell Technology. He has
published more than 250 papers and filed more than 30 patents, covering aspects of expression
and manufacture of clinical proteins using mammalian cells in bioreactors. Some of his
technology and process inventions have become globally used tools in research and in
manufacturing of proteins with animal cells.
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Public Speaking Seminar
Tom Kost, Former Director, Biological Reagents and Assay Development,
GlaxoSmithKline
You have worked tirelessly on your project and an opportunity arises to present your
results. It might be presenting at a group meeting, departmental seminar, round table
discussion, thesis defense, or scientific conference. Or as part of a job interview, you may be
asked to present a seminar on your work.
In each of these instances, delivering your message clearly and concisely is essential to
advancing your career while earning the respect and admiration of your supervisor, colleagues
or hiring manager. The ability to effectively tell your story can be as critical to your career
success as your ability to conduct well thought out experiments and interpret the resultant data.
To successfully connect with your audience it is important that your presentation
stimulate their interest, stand out from the ordinary and provide a long lasting positive
impression.
My goal is to provide you with some “key tips” that will assist you in Preparing, Organizing
and Presenting your story. These tips will include knowing your audience, developing your
message, preparing PowerPoint slides, presenting to connect and finishing on time.

Speaker’s biography
Tom Kost ‐ Former Director, Biological Reagents and Assay Development,
GlaxoSmithKline, Research Triangle Park, North Carolina, USA – Distinguished Toastmaster,
Toastmasters International. Throughout a 26 year career at GlaxoSmithKline directed the efforts
of scientists conducting early drug discovery activities with an emphasis on gene delivery and
protein expression. He steered a significant effort within the company to develop and apply
BacMam gene delivery technology for protein expression, assay development and high
throughput screening programs. He has presented widely on this technology. Currently he
serves on the editorial boards of Protein Expression and Purification and Applied Biosafety. Tom
has always had a keen interest in scientific communication and has served as a member of the
Protein Expression in Animal Cells (PEACe) conference organizing committee for over 20 years.
He has been a long‐term member of Toastmasters International, a non‐profit world leader in
communication and leadership development. He achieved the Distinguished Toastmaster
designation, the highest level of award recognized by the organization. He has presented
numerous seminars on “Speaking Tips” to a variety of groups and mentored many GSK scientists
in preparing presentations for both internal and external talks. Tom received a BS in
Microbiology from Penn State University and a PhD in Microbiology from North Carolina State
University. He completed post‐doctoral fellowships at Vanderbilt University and Cold Spring
Harbor Laboratory.
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CAREER DEVELOPMENT WORKSHOP
Speakers’ biographies
Kerstin Otte is a trained biologist from the Phillipps‐University of Marburg,
Germany and obtained her PhD at the SL‐University in Uppsala, Sweden. After a
postdoctoral fellowhip at the Gurdon Institute in Cambridge, UK, she gained industry
experience as senior scientist at Graffinity Bioscience and LION Bioscience, both
Heidelberg, Germany. Since 2006 Kerstin Otte holds a professorship for molecular and
cell biology at the University of Applied Sciences Biberach, Germany, at the Faculty of
Pharmaceutical Biotechnology. Her research focusses on cell line development for the
production of biopharmaceuticals.
Hitto Kaufmann is currently Global Vice President BioPharmaceutics
Development & Platform Innovation within Sanofi R&D. BioPharmaceutics Development
is a strong science based organization within Sanofi R&D operations that develops
manufacturing processes for drug substance and drug product and manufactures GMP
materials for clinical studies. Previously he was heading Technology and Development
spanning across all modalities within the Biologics platform of Sanofi Industrial Affairs.
After studying at the Technical University of Braunschweig and then at The Scripps
Research Institute, Hitto obtained his Ph.D. at the Institute of Biotechnology, ETH Zürich.
Since then, Hitto has built more than 15 years’ experience in life science research,
development and manufacturing focusing on developing drug substances, drug product
manufacturing processes, scale up and clinical supply. Along his key accomplishments at
Boehringer Ingelheim Hitto Kaufmann progressed their mammalian protein expression
system to be one of the globally recognized leading industry biologics platforms, actively
shaped and executed Boehringer Ingelheims strategy to develop biosimilar
manufacturing processes and setting up the first fully disposable GMP facility to
manufacture drug substance from cell culture processes. Dr. Kaufmann co‐authored
many publications in peer‐reviewed journals and is co‐inventor on more than 100
worldwide intellectual property rights. He served on various working groups, scientific
committees and editorial boards and is currently member of the executive board of
ESACT.
Marcel Tigges, PhD, is currently Teamleader, Senior Scientist in PDMS Large
Molecule Analytical Development (LMAD) within the global biopharmaceutical division
of Johnson&Johnson, Janssen Pharmaceuticals at Cilag AG, Schaffhausen, Switzerland.
PDMS LMAD covers all aspects of providing analytical support to parenteral pilot plant
manufacturing activities, drug product development and commercial products. Within
the analytical center of excellence, he is responsible for scouting and developing novel
17

technologies and analytical platform tools. Before joining JnJ Marcel was responsible for
R&D strategy and technical development as Chief Scientific Officer and co‐founder of
the ETH spin‐off company BioVersys AG, Basel, Switzerland from 2008 to 2015. Marcel
studied Molecular Biology at the Ludwig‐Maximilians‐University Munich, Germany and
performed his Master Thesis at the Max‐Planck‐Institute for Psychiatry, Munich, where
he also worked as research associate from 2000‐2004 in the Group of Dr. Beat Lutz. He
received his doctorate from the ETH Zürich working on engineering of mammalian cell
lines in the field of synthetic biology in the group of Prof. M. Fussenegger. During his
academic and industrial career, he has been awarded with several prices such as the
ETH Medal, the Swiss Technology Award or the Life Science Prize and is co‐author of
multiple publications and patents in the field of gene regulation and antibiotic
resistance.
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COLLABORATION WORKSHOP
Communication and Collaboration
(or Why fish can’t see water?)
Michael Heath, Michael Heath Consulting
“There are two young fish swimming along when they happen to meet an older
fish swimming the other way, who nods at them and says, "Morning! How's the water?"
The two young fish swim on for a bit, and then eventually one of them looks over at the
other and says, "What the hell is water?”
The days of scientists only having to communicate exclusively across a single room
or laboratory – often to people of their own cultural background – have long gone.
Modern scientists live in what some thinkers call the ‘5th Generation Workplace’, where
“work happens any place, any time with anyone who has any interest in the topic.”
Today, Scientists must not only have a deeper understanding of what effective
communication is, they also need to have a real insight into the way that cultures
around the world differ in their communication styles. For example, how will the
decision making process of a Swedish scientist differ from a scientist born and raised in
India?
The complexity of modern science also necessitates different individuals and
organisations working in close collaboration. But not everyone has the ‘collaborative
mind‐set’ and such alliances are often destined to fail as old, competitive behaviours
rise to the surface to sabotage the initiative. So what is a collaborative mind‐set and
what are the behaviours we must set aside if real collaboration is going to prosper?
Speaker’s biography
Facilitator, mentor and writer, Michael Heath, established his learning and
development consultancy in 1999 and has built a strong portfolio of clients, including
AstraZeneca, Astex Therapeutics and MedImmune as well as a wide range of other non‐
science organisations.
His two books on Leadership and Management were published as part of the
Harper Collins Business Secrets series in 2010. He co‐authored the ‘Dragons’ Den: ‘Grow
Your Business’ book in 2011 and his fourth publication, ‘The Fit Mentor’, came out in
June 2012. His latest book, “40 Interview Icebergs and How to Sail Around Them”, was
published in 2012 and is aimed at job hunters who are looking to perfect their
application and interview skills.
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THINK TANK WORKSHOP
Networking and Innovation are key aspects of this Retreat. As we bring many
enthusiastic cell culture scientists together, we want to encourage the workshop
participants to come up with fresh thoughts and ideas on scientific networking and
innovation. The workshop takes part after the Collaboration Workshop talk so that
everyone is in the right mood for collaborative thinking!
The idea is as follows:
Ten topics will be selected by the Organizing Committee. Participants will be
assembled in ten interdisciplinary groups. Each group gets one topic (selected by the
Organizing Committee) and has some time to work on this topic together ‐ analyzing it
from various perspectives, including political, ethical, scientific and societal. Each group
draws its results and thoughts on a large poster, which is the basis for a 5 minutes oral
presentation at the end of the workshop.
And yes, it’s serious: to stimulate a vivid presentation and discussion, no Power
Point slides are allowed!
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GALA DINNER
Emotional Intelligence
Catherine Moste, Sanofi Pasteur
Emotional Intelligence refers to the capacity for recognizing our own feelings and
those of others and for managing emotions in ourselves and our relationships ‐
"Effective leaders are alike in one crucial way: they all have a high degree of emotional
intelligence" (Goleman, 1998).
It is now known that Emotional Intelligence is an essential key for success,
specifically in challenging, competitive and changing times. Looking for excellence in
execution to stay at the forefront of our business, seeking to continually improve our
efficiency and performance, we must focus on excellence in management, leadership
and collaboration. To fulfill that powerful objective, we have to consider how to make
the best use of Emotional Intelligence in our workplace.
The good news is that emotional intelligence skills can be learned and can always
be enhanced …

Speaker’s biography
Head of French Sanofi Pasteur R&D site, Catherine Moste held her Ph.D in
Biochemistry at the University of Lyon and joined Sanofi Pasteur Company as a scientist
28 years ago. Beyond her passion for vaccines, she discovered her passion for
management that has leaded her to conduct internally initiatives related to Emotional
Intelligence.

Our Gala Dinner at the Museum of Fine Arts is entirely sponsored by:
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CLOSING KEYNOTE
An experience of collaborative science:
iGEM competition
Heidi Böhnert, Head of Life Science and Biotechnology teaching at CPE‐Lyon
Valérie Desjardin, INSA Lyon
The International Genetically Engineered Machine (iGEM) competition is a
worldwide synthetic biology competition that began in January 2003 as an independent
study course for undergraduate university students at the Massachusetts Institute of
Technology (MIT).
In the first projects, students developed biological devices to make cells blink. In
2004, the summer projects turned into a competition with five teams from various
schools. In 2005, teams from outside the United States took part for the first time. Since
then iGEM has continued to grow, with 301 teams from more than 30 countries
attending in 2016.
iGEM is not only the first student competition in Synthetic Biology. It is a truly
global educational project, giving the students a unique experience of teamwork,
sharing, communication and outreach activities to the general public. The competition
promotes strong values: Students are expected to be honest with their research,
cooperate with one another, practice good sportsmanship, be respectful of their peers,
and celebrate everyone's efforts. iGEM's dual aspects of self‐organization and
imaginative manipulation of genetic material have demonstrated a new way to arouse
student interest in modern biology and to develop their independent learning skills. The
organizers also hope to contribute to a society that can productively and safely apply
biological technology.
Students and teachers at INSA Lyon have participated 5 times in the iGEM
competition since 2010, and even organized and hosted the Europe Regional Jamboree
in 2013. This keynote aims at presenting this unique competition from multiple angles
(team and judging) based on our experience.

Speaker’s biography
Heidi Böhnert – Head of Life Science and Biotechnology teaching at CPE‐Lyon and
Director of International Relations at CPE Lyon, Heidi obtained an MA in Biological
Sciences at the University of Oxford and a PhD in Molecular Genetics at the Ludwig
Maximilians Universität, Munich. In 2013, she participated, together with the INSA
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team, in the organizing committee of the 2013 Regional iGEM Jamboree for Europe in
Lyon. She was invited to be an iGEM judge in 2013 and in 2016.
Valérie Desjardin ‐ Associate professor at the Institut National des Sciences
Appliquées de Lyon. She does her research work in Adaptation to Extreme Environments
team in Microbiology, adaptation and Pathogenesis Laboratory (UMR5240 CNRS/INSA
de Lyon/UCBL). The aim of the AME team is to develop innovative biotechnological
solutions, focusing on Archaea as a source of genes for biotechnological interest, and
using synthetic biology as a genetic approach to improve microbial‐assisted removal and
sequestration of pollutants. She is also teaching at INSA engineer school chemistry and
biotechnology since and his involved in iGEM competition for INSA student teams as
instructor since.

23

ORAL PRESENTATIONS

24

O1 ‐ FINDING THE HIGH‐PRODUCERS: EFFICIENT SELECTION OF CHO CELL LINES
Nuša Pristovšek1, Henning Gram Hansen1, Mikael Rørdam Andersen1, Helene Faustrup Kildegaard1
1) Novo Nordisk Foundation Center for Biosustainability ‐ Technical University of Denmark,
Denmark
Surface staining technique is relying on retaining recombinantly produced proteins on
the cell’s surface at low temperature (+4oC) and capturing them with a fluorescently labelled
antibody. The fluorescence intensity of a stained cell is known to correlate with the specific
productivity (qp). The surface staining technique, combined with fluorescence activated cell
sorting (FACS) is a well‐known and widely used approach to obtain high‐producing clonal cell
lines, often using Chinese hamster ovary (CHO) cells as a host. However, despite all this extensive
screening efforts are required to assess whether a single cell with high surface stained profile
acquired during a time snapshot of the sorting will eventually translate into a stable cell line with
high specific productivities. Therefore, to minimize the number of clones to expand and
characterize and consequently save valuable time, a new 96‐well screening platform was
developed. This platform enables quick evaluation of growth and antibody titer in a high‐
throughput manner for efficient selection of high‐producing clones. Moreover, to test the
versatility of the proposed method for non‐antibody‐biopharmaceuticals, other model proteins
will be included in the study.
Generating high‐producer cell lines with our developed screening platform exploits the
fact that CHO cells are able to grow adherently in 96‐well microplates. This simplifies growth
estimation by measuring their confluence in the well using image cytometry. Confluency value
combined with antibody titer obtained by bio‐layer interferometry can be formulated in what we
call titer‐to‐confluency ratio, attempting to mimic the titer to integral viable cell density ratio (qp).
Therefore, within 20 days after the surface staining enrichment a rough estimate of qp can be
determined in a high‐throughput fashion. Subsequently, only clones exhibiting ratios above a
desired cut‐off are expanded and further tested for exact productivity capabilities.
Using the surface staining technique, a 3‐fold difference in average qp has been
observed between surface‐stained enriched (qp=0,62 pcd; N=48) and random (qp=0,23 pcd; N=48)
CHO clones producing Rituximab. Moreover, titer‐to‐confluency ratios correlated with qp‐values
(R2=0,82; N=111), especially well for clones with lower ratios (R2=0,96; N=100). Therefore the
titer‐to‐confluency ratio represents a valuable decision‐making tool for discarding undesirable
clones early in the process and only proceeding with the top 10% of the clones with the highest
ratio. Within this window we have been able to reproducibly obtain clones that later on turned
out to be genuine high‐producers having desirable increase in qp (average qp for top 10% of the
clones with the highest ratio=8,87±3,01 pcd; N=16). We further plan to demonstrate that using
surface staining/FACS technique together with the developed screening platform, high‐producer
cell lines for various non‐antibody‐based biopharmaceuticals can be similarly obtained.
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O2 ‐ GENERATION OF HIGH PRODUCTION CELL LINES FOR SUSTAINABLE PRODUCTION OF
BIOPHARMACEUTICALS

Benjamin Weis1, Nadine Guth1, Simon Fischer1, Silke Wissing2, Nicole Faust2, Rene Handrick1,
Kerstin Otte1
1) Institut of Applied Biotechnology (IAB), Biberach University of Applied Sciences, 88400 Biberach,
Germany
2) CEVEC pharmaceuticals GmbH, 51105 Cologne, Germany
Biopharmaceuticals are novel and complex drugs, e.g. antibodies for tumor therapy.
These are produced in cellular expression systems such as genetically modified bacteria, yeast or
animal cells. Chinese hamster ovary (CHO) cells represent the most frequently used mammalian
production host for complex therapeutic proteins because they are quite robust, grow in defined
serum‐free media and produce proteins with human‐like post‐translational modifications. In
addition, they offer easy genetic manipulation to engineer stable clones expressing high yields of
the protein of interest. Nevertheless, protein expression in CHO cells is not yet at its natural limit
and there is a strong demand to boost the biopharmaceutical production further to save money
and resources. Furthermore, human production cell lines are coming up that offer complete
human posttranslational modifications even for highly glycosylated proteins.
Genetic strategies like overexpression, knockdown or knockout of single genes only address one
molecular target and, therefore, only modulate a single cellular pathway. In addition,
overexpression of a single gene may overcharge the translation machinery that is responsible for
producing huge amounts of the recombinant protein. This issue can be circumvented by the use
of microRNAs (miRNAs), endogenous small non‐coding RNAs that regulate gene expression on a
post‐transcriptional level without further translational burden. Advantageous, a single miRNA
regulates hundreds of messenger RNAs (mRNAs) in a eukaryotic cell enabling the regulation of
whole cellular networks.
We recently performed a transient high‐content screen using a library of 1139 murine
miRNAs in CHO‐cells producing secreted alkaline phosphatase (SEAP). Over 750 of these miRNAs
significantly affected bioprocess relevant parameters such as volumetric and specific productivity,
viable cell density (VCD), apoptosis or necrosis. The top hits for pro‐productive miRNAs were
chosen for further transient transfection assays in two additional antibody‐producing CHO cell
lines as well as in a novel human amniocyte derived production cell line, CEVECs amniocyte
production (CAP). Especially for human production cell lines such work is novel, because yet there
are no data available for such a cell line.
In all four cell‐lines, almost all of the top hit miRNAs increased product titer, in best
cases up to 12‐fold compared to the control samples. Several miRNAs specifically increased VCD in
all four cell lines. Finally, 13 out of the top hit miRNAs were chosen and are currently used for
their stable overexpression in CHO as well as in CAP cell lines to boost productivity. Besides, the
corresponding human miRNA mimics are used in transient transfection assays in the novel human
production cell line to validate data with the murine miRNAs and to identify putative targets for
each miRNA to understand their mechanism of action. We expect to significantly improve
productivity, leading to a lower energy and resource consumption during production. Finally, the
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established strategy can be employed also for other production processes in the industrial
biotechnology – to save money and resources in biopharmaceutical production.
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O3 ‐ UNDERSTANDING EPIGENETIC MECHANISMS IN DEFINED CHROMOSOMAL SITES
TO OVERCOME INSTABLE AND LOW EXPRESSION

Natascha Goedecke1
1)

Helmholtz centre for infection research, Germany

The conventional way of generating stable cells is random chromosomal insertion into
the host cell genome which gives rise to heterogeneous populations. Time consuming screening
approaches are used to identify good expressing clones. However, high, stable and robust
production is frequently not achieved. Specifically for protein production cell lines like CHO cells
such an expression phenotype is of high interest. Loss of transgene expression is thought to be
mediated by epigenetic modifications of the incoming DNA within a particular chromosomal
integration site. Up to now, these interactions are not understood and thus cannot be predicted.
Nowadays different tools can be used to identify and modify the epigenetic state of a cell.
Nevertheless mainly it is not just one factor but several to distinguish between an actively
transcribed and silenced transgene state. The project aims at characterizing the epigenetic status
of different transgene cassettes in defined chromosomal sites and correlate this with stable
expression phenotype. To identify the mechanism of silencing and how to overcome them a
targeted integration approach and studying the interaction of heterologous promoters, defined
elements like UCOEs or novel fusion proteins leading to an active demethylation in a specific
genomic context were investigated.
Tagged cells were targeted with different cassettes. As a representive locus to study
epigenetics the R26 Locus was chosen. The R26 Locus is well known and used in human, mouse
and hamster cells. We tested different promoters in combination with UCOE or a fusion protein
initiating site specific demethylation upon distinct days of differentiation. All plasmid carried a
GFP reporter to investigate the strength of silencing on a single cell level.
Different cassettes were analysed for expression and epigenetic silencing. Interestingly it
could be shown that the R26 locus does not support a stable expression for all constructs. One of
the main silencing mechanism was the methylation of the promoter which could be confirmed by
the reactivation of the promoters upon treatment with demethylating agents. Since it is known
from literature that UCOE elements block methylation and increase an active histone marking
these elements were investigated for different promoters upon R26 locus integration. The UCOE
could indeed prolong the activity of promoters but the strength of the UCOE on different
promoters differed. Additionally we saw that the UCOE plasmids itself were methylated upon a
specific timepoint. To overcome the silencing of the UCOE a new approach called targeted
demethylation was used to recover the activity of the silenced promoter.
Our long term goal is to define combinations of potent promoter/ integration sites or specific
cassette designs to avoid time consuming and cost effective screening procedures.
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O4 ‐ ENGINEERING OF RECOMBINANT ANTIBODY PRODUCING CHO CELLS TO IMPROVE
PRODUCTIVITY AND ROBUSTNESS BY KNOCKDOWN/KNOCKOUT STRATEGIES
Lisa Alexandra Pieper1
1)

University of Stuttgart, Institute of Cell Biology and Immunology, Germany

Chinese hamster ovary (CHO) cells are the most widely used hosts for the production of
therapeutic proteins. Thus, engineering strategies to improve CHO cell productivity and
robustness are primary goals in the biotechnology industry. Recently, our group performed a
genome‐wide functional microRNA (miRNA) screen to identify miRNAs that enhance the
productivity of recombinant IgG‐expressing CHO cells (CHO‐IgG) [1]. MicroRNAs (miRNAs) are
short non‐coding RNAs that post‐transcriptionally regulate the expression of different target
genes and, thus, enable engineered gene networks to achieve complex phenotypic changes in
mammalian cells. We hypothesized that exploiting this feature of miRNAs could improve
therapeutic protein production processes by increasing viable cell densities and/or productivity of
the mammalian cells used for manufacturing. Using this approach we identified nine human
miRNAs that improved the productivities of the CHO‐IgG cells.
In this study we aimed to identify direct miRNA target genes responsible for this positive
effect. Three miRNA screen hits, miR‐557, miR‐1287 and miR‐1978, with strong effects on viable
cell density, antibody production and specific productivity, respectively, have been chosen for
further analysis. To this end, CHO‐IgG cells were transfected with each of the three miRNAs,
followed by transcriptome profiling by next generation sequencing (NGS). Candidate miRNA
target genes were then selected and their effects on CHO‐IgG productivity assessed by siRNA‐
mediated gene knockdown. Here, we identified the Rab1GAP Tb1D20 and the ceramide synthase
2 (CerS2) to be direct targets of miR‐1978 in CHO cells. Mechanistically, Tbc1D20 and CerS2 are
involved in the regulation of vesicular and non‐vesicular protein secretion.
The combined siRNA‐mediated downregulation of these two genes resulted in 1.5‐fold
increased CHO‐IgG productivity compared to non‐transfected cells thus recapitulating the positive
effects of miR‐1978. Consequently, we generated CHO cell pools stably expressing shRNAs specific
for Tbc1D20 and CerS2 and analyzed their long term performance in fed‐batch culture. In these
cells the antibody titer was significantly increased up to 1.5 fold compared to cells transfected
with a negative control shRNA plasmid whilst product quality was conserved. These findings
demonstrate that the combined knockdown of the miR‐1978 target genes Tbc1D20 and CerS2
provides an attractive approach towards the genetic optimization of CHO‐IgG producer cells for
industrial applications.
[1] Strotbek M et al., 2013: Stable microRNA expression enhances therapeutic antibody
productivity of Chinese hamster ovary cells.
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O5 ‐ DEVELOPING A LACTATE‐INDUCIBLE TRANSGENE EXPRESSION SYSTEM IN CHINESE
HAMSTER OVARY CELLS
Charles Motraghi1
1) Imperial College London, UK
Therapeutic glycoproteins are predominantly produced in Chinese Hamster Ovary (CHO)
cells due to their ability to replicate human‐like glycosylation patterns and high expression titres.
However, CHO cells accumulate the waste product lactate at detrimentally high levels during
cultivation, diminishing cell growth and reducing overall productivity. To combat this
accumulation of lactate in the cell culture process, a lactate‐inducible transgene expression
system is being developed around the lactate‐dependent DNA binding protein LldR. Such a system
consists of a detection module constitutively expressing LldR along with any fused effector
domains and a response module where the DNA operators of LldR are adjacent to a promoter
controlling a reporter gene, where LldR is able to either repress or activate the promoter. LldR can
only bind to its operator DNA in the absence of lactate, and so this repression/activation can be
reversed by the addition of lactate.
Three configurations are being tested (relating to the mechanism of activation ‐ de‐
repression through steric hindrance, de‐repression through heterochromatin recruitment, and
activation through VP64) with variables relating to the ordering of LldR to various fused effector
domains, the number of LldR operator sites contained in the response module and their location
upstream or downstream of the promoter. Initial testing employs a fluorescent protein output for
the response module.
Results show that LldR can be trafficked efficiently to the nucleus of CHO cells with or
without a nuclear localisation signal, with further experiments planned to determine the
trafficking rate. The lactate‐inducible system is currently undergoing evaluation to determine the
configuration with optimal fold‐induction. Bacterial expression of LldR constructs has given
preliminarily good results, and is being employed alongside electrophoretic mobility shift assays
to determine if higher multiples of operator repeats can increase the affinity of LldR for a DNA
fragment.
Once lactate‐responsiveness is optimised, the system will be used to drive expression of
previously described response modules able to mitigate the effects of lactate accumulation (e.g.
overexpression of a malate‐aspartate shuttle protein to assist NADH recycling). This dynamic
regulation will be compared to constitutive expression of the same modules, in order to test
which is preferable in terms of limiting lactate accumulation and increasing overall protein
production. Novel interventions will also be explored, using genome targeting/editing techniques
to regulate expression of various genes involved in lactate metabolism.
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O6 ‐ INSIGHTS INTO CELLULAR PROCESSES
Fabian Bindel1
1) Sanofi, Germany
Today Chinese hamster ovarian (CHO) cells are used for producing around 80%‐90% of
biotherapeutics in a biopharmaceutical setting. In the past most of the optimization strategies
during cell line or processes development were based on trial‐and‐error. Later, microarrays were
widely used to get insights into cellular processes in order to better understand the cellular
machinery behind the production of a biotherapeutic. The results have been successfully applied
for either modeling process characteristics or improving cell line development (e.g. identification
of anti‐apoptotic genes). Today, with the era of omics technologies, genome scale measurements
on different cellular layers are used in order to get a more detailed picture of a cell’s regulatory
apparatus. From an industrial point of view it also bears the possibility to push cell line
development to the genome wide editing level in conjunction with new genome editing
technologies as well as molecular mechanism guided process strategy optimization. With the help
of omics approaches we gain insights in cellular processes of different cell lines during the
production of monoclonal antibodies (mAB) at Sanofi in the Upstream Process Development Unit.
Through combining transcriptomic and metabolomic analyses we are currently investigating
crucial relations between molecular regulatory mechanisms and bioprocess parameter during the
production of mABs.
Fed‐batch cultivations of a parental CHO cell line and mAB producing cell lines (mock,
low and high producing clones) were performed in controlled (pH, pO2 and temperature) 2L
bioreactors. Samples were taken at distinct time points during the run. Analysis of differentially
expressed genes (DGE) was done by the next generation RNA sequencing. In addition, changes in
the abundance of the extracellular metabolites were measured via NMR and mass spectrometry.
Both layers were integrated on corresponding pathways and visualized with bioinformatics
toolboxes.
After comparing the mAB producing clones in terms of similar growth behavior and
different titers, data analyses focused on identifying gene regulatory modules involved in
glycosylation, protein translation and secretion. Additionally, the assembled transcriptome
information of the parental cell line was used to extend the currently known gene regions and to
create an in‐house refined reference CHO genome. Next steps will be to refine the analyses in
order to validate current findings.
If one can identify potential genes correlating with e.g. scalability (well plate to lab
bench to commercial scale bioreactors), product quality (predicting glycosylation pattern from
DGE measured during clonal selection) or product titer (identification of DGEs involved in mAB
translation and secretion) it will boost the identification of “high producer” during cell line
development and process development strategies for better steering of biotherapeutic product
quality.
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O7 ‐ FROM “WET LAB” TO “IN SILICO LAB”: WHEN SIMPLE MODEL STRUCTURES MEET
LARGE SCALE AND COMPLEX CELL METABOLISM AND CELL GROWTH

Bassem Ben Yahia1,2, Boris Gourévitch3,4, Elmar Heinzle1, Laetitia Malphettes2
1) Biochemical Engineering Institute, Saarland University, Campus A1.5, D‐66123 Saarbruecken
(Germany)
2) Upstream Process Sciences Biotech Sciences, UCB Pharma S.A., Avenue de l’Industrie, Braine
l'Alleud B‐1420 (Belgium)
3) Institut de NeuroScience Paris‐Saclay (NeuroPSI), UMR CNRS 9197 Orsay cedex, France, 91405
4) Université Paris‐Sud, Orsay cedex, France, 91405
The optimal feeding regiment during biopharmaceutical fed batch production is
dependent on cell metabolism which can be characterized by mathematical models. However,
throughout the bioreactor production, the cells adapt to the changing extracellular conditions
resulting in the development of different metabolic phases and related metabolic shifts. We
propose a systematic and simple approach to identify metabolic phases and get an accurate
predictive model of cell metabolism and cell growth during CHO fed‐batch culture. This study also
provides insights into the predictive capacities of simple model structures with regard to the
impact of untested feeding strategies on recombinant protein production performance. We will
also demonstrate that the model developed at small scale remains correct upon scale up.
In this work, different experimental conditions in 2 L CHO fed‐batch cultures were analyzed.
Amino acids, glucose, lactate, ammonium and monoclonal antibody (mAb) were quantified. We
applied the metabolic steady state concept and used a linear piecewise regression, also called
segmented linear regression, to predict cell metabolism. The external metabolite rates are
expressed as a linear function of the specific growth rate with various breakpoints associated to
each metabolic shift.
To predict the cell growth, a reference cell growth profile was determined and as soon
as an essential metabolite is depleted, the specific growth rate and the specific production rate
predicted by the model are both set to zero.
Using the cell metabolism model structure and parameter values from a small scale cell
culture (2 L) training data set, it was possible to predict metabolic rates of new fed‐batch cultures
by using the experimental specific growth rate in both 2 L and 2000 L scales. The final mAb titer
can also be predicted even if the cells are starved in some essential metabolites. The cell growth
model prediction was compared to the experimental one were 3 distinct essential amino acids
were varied. The prediction was accurate. It was further possible to test various feeding strategies
and to identify optimal experimental conditions. That cell growth model combined to a linear
piecewise regression model of cell metabolism allows us to get an in silico prediction of the
impact of untested feeding strategies on cell culture performances. An entire and complex
metabolic network model is not needed for both models which makes them more robust and
easily accessible. To the best of our knowledge, this is the first study that presents a simple linear
model structure to describe mAb production but also amino acid, glucose, lactate and ammonium
metabolism.
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O8 ‐ OPTIMIZATION OF A MAMMALIAN CELL PERFUSION CULTURE IN PRODUCTIVITY AND
PRODUCT QUALITY

Moritz Wolf1
1) ETH Zurich, Switzerland
The continuous manufacturing of therapeutic proteins in mammalian cells combines
several advantages compared to traditional batch‐wise operations applied in industry. In
particular the achievement of higher productivities and enhanced product quality are pathing the
way to a more general application of continuous cell perfusion cultures [1]. The supply of fresh
nutrients, removal of waste metabolites combined with the retention of cells allow steady state
cultures at very high cell densities [2]. The stable operation further mitigates heterogeneities and
allows the simple modulation of critical quality attributes.
This study is focused on the optimization of productivity and product quality by tuning
key cell culture variables such as media composition, cell specific perfusion rate, and process
temperature aiming for superior performances compared to established fed‐batch processes.
A previously developed and well characterized stirred tank perfusion bioreactor
employing an external alternating tangential flow filtration (ATF) device for cell retention is used
in this study [3]. The effect of key process parameters such as, media composition, cell specific
perfusion rate, and temperature was evaluated in a sequential screening approach. While varying
one parameter at a time, measurements of extra‐ and intracellular metabolites, product
concentration as well as product quality attributes were used to evaluate their effect on cellular
growth, productivity and product quality at steady state.
The tuning of key cell culture parameters led to a superior performance of the perfusion
culture. Especially the decrease of the cell specific perfusion rate resulted in the increase of
product amount and thus productivity. The optimization of media composition was used to
increase cell density at fixed perfusion rates. In addition, the variation strongly effected the N‐
linked glycosylation pattern of produced antibodies and was thus employed to tune towards a
desired product quality. Overall, this study underlines the high potential of the perfusion mode
for the production of therapeutic proteins.
Literature
[1] V. Warikoo, R. Godawat, K. Brower, S. Jain, D. Cummings, E. Simons, T. Johnson, J. Walther,
M. Yu, B. Wright, J. McLarty, K.P. Karey, C. Hwang, W. Zhou, F. Riske, K. Konstantinov, Integrated
Biotechnol. Bioeng. 109 (2012)
continuous production of recombinant therapeutic proteins,
3018–3029.
[2] M.‐F. Clincke, C. Mölleryd, Y. Zhang, E. Lindskog, K. Walsh, V. Chotteau, Very high density
of CHO cells in perfusion by ATF or TFF in WAVE bioreactorTM. Part I.
Effect of the cell
density on the process., Biotechnol. Prog. 29 (2013) 754–767.
[3] D. Karst, E. Serra, T. Villiger, M. Soos, M. Morbidelli, Characterization and comparison of ATF
and TFF in stirred bioreactors for continuous mammalian cell culture, Biochem. Eng. J. 110 (2016)
17‐26.
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O9 ‐ ENHANCED ANALYTICAL PLATFORM FOR ADVANCED PROCESS CONTROL OF CHO CELL
CULTURE PROCESSES

Sissolak B.1, Kandra, K.1, Mayer, M.2, Berghammer, G.3, Pino‐Grace, P.3, Sommeregger, W.3,
Luchner, M.1, Stosch, M.von4, Vorauer‐Uhl, K.1.,Striedner, G.1
1) DBT ‐ University of Natural Resources and Life Sciences (BOKU), Vienna, Austria
2) evon GmbH, Gleisdorf, Austria
3) Bilfinger Industrietechnik Salzburg GmbH, Salzburg, Austria
4) CEAM ‐ Newcastle University, Newcastle, UK
Recombinant monoclonal antibodies (mAbs) produced in Chinese Hamster Ovary (CHO)
cells represent the most prominent class of biopharmaceuticals. Currently, quality of such product
is ensured by strict process settings and subsequent comprehensive testing. As quality cannot be
tested into products the US Food and Drug Administration (FDA) launched the Process Analytical
Technology (PAT) initiative in 2004 by which process understanding shall be enhanced. This
approach is based on identification of Critical Quality Attributes (CQA) and Critical Process
Parameters (CPP) enforces the development of real‐time CPP control regimes. A key requirement
for this purpose is the installation of soft sensors determining relevant process parameters which
cannot be measured directly.
The main aim of our work is to establish an Advanced Process Control (APC) software
platform that fulfills all requirements for efficient implementation of QbD and PAT concepts in
biopharmaceutical production. We will also focus on the implementation of a Model Predictive
Control (MPC) strategies and the transferability of models between scales, production cell lines
and products.
By using an unconventional intensified Design of Experiment (iDoE) approach a hybrid
model will be developed, describing the CHO fed‐batch process thoroughly. Setting up the soft‐
sensor requires the development and establishment of a broad analytical platform. We determine
over 50 process relevant off‐line analytes and parameters for detailed characterization of cells,
metabolites and product in a comprehensive series of fed‐batch cultivations in different scales.
Therefore we established various methods, which are fast and reliable, and if procurable can be
performed directly with the culture supernatant.
The establishment of adopted analytical methods which need to be faster, robust and
more precise could be successfully implemented. For example the analysis of protein aggregates
and the charge distribution can now be performed directly in the culture supernatant without
further purification which is time consuming and might falsify the final results. An additional
innovation was the establishment of a certain program which enables a more accurate calculation
of G0/G1 and M/G2 phase of our production cells measured by FACS. In conclusion, our enhanced
analytical platform exemplified above, provides significantly more relevant data in better quality
for the implementation of the new APC software platform.
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O10 ‐ EMPLOYING NEXT‐GENERATION SEQUENCING BASED GENETIC CHARACTERIZATION TO
ENHANCE SUCCESS IN CHO CELL LINE DEVELOPMENT
Simon Fischer1, Caterina Schoening1 and Patrick Schulz1
1) Boehringer Ingelheim Pharma GmbH & Co.KG, Germany
Genome, transcriptome as well as regulatory RNome (e.g. miRnome) compositions
mainly define the phenotypic status of a cell. Chinese hamster ovary (CHO) cells are the most
frequently applied host cell line for the production of recombinant proteins. In recent years,
advances in next‐generation sequencing (NGS) technologies have paved the way for detailed
monitoring of genetic variations in CHO cells cultivated in controlled bioreactor systems. Changes
in gene expression can lead to unpredicted behavior of production clones during bioprocesses,
e.g. altered metabolic profiles, early drop in cell viability or changes in product quality. In this
context, it was previously believed that different CHO cells may attach comparable N‐glycan
pattern on recombinant proteins such as monoclonal antibodies (mAbs). Combining novel NGS‐
based genetic characterization methods with extensive product quality assessment, we
discovered that different CHO cell lines can actually exhibit remarkable differences in mAb N‐
linked glycosylation. Furthermore, we could show that our novel NGS analysis platform enables
greater insights into bioprocess relevant cellular behavior and thus represents a valuable tool to
improve future cell line development approaches. These results indicate that genetic differences
in CHO cell lines are much more pronounced than previously expected, even if cells are derived
from the same host cell, and that the choice of the right host cell line is critical for successful
process development.
We have established an integrated NGS workflow enabling comprehensive examination
of genomic as well as transcriptomic and miRnomic changes in our proprietary BI‐HEX® CHO
production platform. Various host as well as mAb‐producing CHO‐DG44 and CHO‐K1 cell lines
were investigated for differences in transcriptome profiles and N‐glycosylation pattern of the
produced mAbs. Cells were cultivated in representative fed‐batch cultivation processes in
controlled bioreactors. At different time points during cultivation cell samples were subjected to
NGS sequencing to allow for differential transcriptome analysis. Quantitative RNA sequencing
analysis was performed on an Illumina HiSeq2000 sequencer. NGS data sets were processed and
analyzed using bioinformatics software solutions provided by Genedata. Process and product
related data including cell concentration, viability, volumetric and specific mAb productivity,
metabolic profiles and antibody N‐glycosylation pattern were additionally monitored.
In this study, we investigated gene expression pattern of different CHO‐DG44 and ‐K1
host cells as well as mAb‐producing cell lines that exhibited significant differences in N‐
glycosylation profiles of the secreted mAbs. We could demonstrate that different CHO cell lines
show substantial variations in product quality due to considerable transcriptomic variations.
Furthermore, even different CHO‐DG44 host cell lines displayed unique gene expression patterns
underscoring the remarkable genetic diversity of CHO cell lines established over the past decades.
Consequently, in order to nominate optimal production clones, comprehensive early stage genetic
characterizations of putative production clones may significantly increase success in cell line
development. Hence, state of the art NGS technology is a promising tool to enable identification
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of superior production clones demonstrating improved process performance or product quality.
NGS data may also provide access to novel genetic key elements suitable for CHO host cell
engineering.
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O11 ‐ 3RD GENERATION POLY(ETHYLENE IMINE) COMBINES BIOCOMPATIBILITY AND
EFFICIENT GENE DELIVERY

Tanja Bus1, Christoph Englert, Martin Reifarth, Philipp Borchers, Matthias Hartlieb, Antje Vollrath,
Stephanie Hoeppener, Anja Traeger, Ulrich S. Schubert
1) Friedrich Schiller University Jena , Germany
The genetic manipulation of cells via non‐viral transfection agents has gained an
increasing demand in a wide range of applications in biological, medical, and pharmaceutical
fields. Nowadays, synthetic polymers offer the advantages of large‐scale production, simple
storage conditions and varying architectures. In particular, poly(ethylene imine) (PEI) is the most
prominent representative of synthetic polymers for gene delivery since the last 20 years.[1]
However, its high efficiency is being accompanied by severe cytotoxicity. Many efforts have been
made to overcome the drawback of this undesired side effect. The modification of PEI by
introducing non‐ionic polymers like poly(ethylene glycol) (PEG)[2] or poly(2‐oxazoline) (POx)[3]
leads to increased biocompatibility and, therefore, to a new, the 2nd generation of PEI. We herein
present a series of statistical ABC copolymers consisting of 2‐ethyl‐2‐oxazoline, ethylene imine
and primary amine bearing monomer units as promising candidates for non‐viral gene delivery.
With this approach we would like to introduce the next generation of PEI.
The statistical ABC copolymers was synthesized by using two different modification
techniques, in particular the partial hydrolysis of poly(2‐ethyl‐2‐oxazoline) followed by a post‐
functionalization. To assess the functionality of these polymers, the following investigations were
performed: The influence on the pDNA condensation, the size and charge as well as the stability
of the polyplexes, the cellular membrane interaction and the cytotoxicity. The transfection
efficiencies in HEK‐239 cells were analyzed via flow cytometry using pDNA encoding EGFP.
Moreover, a stable GFP expressing CHO cell line was used to examine the knockdown efficiency of
appropriate siRNA. Super‐resolution and electron microscopy were used to get deeper insights
into the mechanism of polyplex uptake and the gene delivery process.
In contrast to linear PEI, the presented statistical ABC copolymers do not show any
adverse effects on cell viability and further possess high hemocompatibility. Furthermore, they
enable high delivery potentials for pDNA as well as siRNA, dependent on their monomer
proportion. The achieved transfection efficiencies are comparable to PEI and even outperform the
“gold standard” in serum containing media. Super‐resolution as well as electron microscopy
identified the endosomal release of the polymers as well as a reduced protein interaction as the
main difference to PEI‐based transfection. Introducing the 3rd generation of PEI brings the
modification of cationic polymers to the next level. The polymers outperforms PEI of former
generations (1st and 2nd) in terms of toxicity as well as transfection efficiency for diverse genetic
material rendering it a promising candidate for further more complex transfection approaches.
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Figure 1. Illustration of the delivery mechanisms of statistical ABC copolymers.

References:
[1] O. Boussif, et al., Proc. Natl. Acad. Sci. U.S.A. 1995, 92, 7297‐7301.
[2] M. Ogris, et al., Gene Ther. 1999, 6, 595‐605.
[3] R. Luxenhofer, et al., J. Controll. Release 2011, 153, 73‐82.
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O12 ‐ COMBINATION OF OXYGEN‐GENERATING BIOMATERIAL AND OXYGEN CARRIER: A
STRATEGY TO MAINTAIN ENCAPSULATED PANCREATIC ISLETS FUNCTIONALITY IN A HYPOXIC
ENVIRONMENT

Anne Mouré1, Céline Laugier1, Marion Lesot1, Isabelle Puraye1, Steffi Bosch1, Denis Poncelet1,
Jean‐Marie Bach1, Mathilde Mosser1
1) IECM, EA 4644 University/ Oniris, USC1383 INRA, Oniris Nantes, France
2) GEPEA, UMR CNRS 6144, Oniris, Nantes, France
Type 1 diabetes is a serious chronic disease resulting of the autoimmune destruction of
the insulin‐producing cells in the pancreatic islets of Langerhans. A promising alternative to insulin
therapy is the design of a subcutaneous bio‐artificial pancreas from alginate‐encapsulated
pancreatic islets. Encapsulation prevents graft rejection and the subcutaneous environment
allows for easy graft removal or replacement. In the pancreas, islets represent clusters of
approximately 1500 cells that make up 2% of the whole pancreatic mass, they are highly
vascularised and consume approximately 5 to 10% of its total oxygen supply. In subcutaneous bio‐
artificial pancreas, oxygen is supplied by passive diffusion (no connection between graft and host
vasculature systems) and partial oxygen pressure is very low before graft interface neo‐
vascularisation (7 to 10 days). This hypoxia period impairs the survival of grafted islets. Strategies
have been tested to provide oxygen supply: gas delivery, oxygen‐generating biomaterial or
oxygen‐carrier. Here we assess the combination of an oxygen‐generating biomaterial and a
biological oxygen carrier to maintain encapsulated pancreatic islets functionality in a hypoxic
environment.
Silicone encapsulated calcium peroxide (silicone‐CaO2; E. Pedraza, 2012) was used for
long‐term oxygen delivery. Silicone is a hydrophobic, biostable material, with high oxygen
permeability. Silicone encapsulation of calcium peroxide decreases oxygen generation by
hydration of solid peroxide. Hemo2Life (Hemarina, Eurobio), an extracellular haemoglobin from a
marine worm that provides oxygen along a sigmoid diffusion gradient, was embedded or not
within alginate hydrogel (Novamatrix). These strategies were assessed on mouse pseudo‐islets
(obtained from MIN6 beta cell line) encapsulated within alginate hydrogel and cultured in
normoxia (145,7 mmHg) or hypoxia (7,7 mmHg) for 3 days. Islets functionality and survival were
monitored by glucose stimulated insulin secretion, ATP content, lactate dehydrogenase (LDH)
activity, DNA content and viability staining (Live&Dead).
We first confirmed that the survival and function of encapsulated pseudo‐islets cultured
in normoxia were high, while they were significantly impaired after 24h of culture in hypoxia.
Then, silicone‐CaO2 ± Hemo2Life were co‐cultured with pseudo‐islets in normoxia to assess their
toxicity. Silicone‐CaO2 induced a slight increase of cellular lysis and decrease of ATP content, while
Hemo2Life had no impact. Interestingly, Hemo2Life seems to prevent silicone‐CaO2 toxicity. In
hypoxia, only the combination of silicone‐CaO2 and Hemo2Life maintained similar pseudo‐islet
performance compared to normoxia control. Similar results were obtained after 3 days of culture.
In conclusion, we confirmed that silicone‐CaO2 supply sufficient oxygen to maintain encapsulated
pseudo‐islet viability in a hypoxic environment. Furthermore, we revealed the benefit of the
combination of silicone‐CaO2 with Hemo2Life compared to individual treatments and negative
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controls. This strategy may improve oxygen diffusion to encapsulated islets and decrease
oxidative stress thanks to Hemo2Life antioxidant properties.
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O13 ‐ IN‐LINE, REAL‐TIME PROCESS MONITORING AND MODELLING BY IN SITU RAMAN
SPECTROSCOPY
L. Saint Cristau1, S. André2, F. Moïni3, A.M Beauchard1, C. Barraud1, E. Calvosa1, Pierre‐Alexis Gros3,
L. Duponchel2, N. Seve1, J.M Guillaume1
1) Sanofi Pasteur, Marcy l’étoile.
2) LASIR, LAboratoire de Spectrochimie Infrarouge et Raman, Université Lilles.
3) CoSMO Company, Lyon.
Regulatory authorities strongly encourage better quality control and understanding of
processes in the development phases and in the production of pharmaceutical products, such as
emphasizing the deployment of process analytical technology (PAT) approaches. These products
are manufactured as part of the process, therefore the ultimate goal is to understand and control
the process in real time to ensure product quality. Innovative real‐time technologies have been
developed for the monitoring of Critical Process Parameters in cell culture. Within that
perspective, a public‐private partnership called CELLPAT was concluded as a consortium to
develop in‐line monitoring and process modelling applied to animal cells for virus and protein
production. The Raman spectrometry and chemometrics have been selected as PAT tools to
measure the real‐time values of metabolites, cell density and product of interest directly within
the bioreactor. The strategy for project development can be divided into 3 steps:




Data generation of biomarker values
Chemometrics analysis treatment applied to spectral data and model elaboration
Process simulation software creation

The results obtained with Raman immersion probe demonstrate good predictions of
monitoring values in correlation with sampling. On the other hand, a simulation software has
been developed to predict biomarker values. This project has allowed better product knowledge
and can be used for process control enhancing. Industrial‐scale implementation is ongoing.
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O14 ‐ ENGINEERED CELL LINES FOR INFLUENZA VACCINE PRODUCTION
Lilí E. Gallo‐Ramírez1, Timo Frensing1 and Udo Reichl1,2
1) Max Planck Institute for Dynamics of Complex Technical Systems, Magdeburg, Germany
2) Otto‐von‐Guericke‐Universität, Magdeburg, Germany
Influenza virus is a worldwide spread pathogen that causes about 3 to 5 million cases of
severe illness in children, elderly and immunosuppressed people every year [1]. To date, the best
strategy to prevent infections and control disease outbreaks is vaccination. Most available
influenza vaccines are composed of inactivated viruses produced in embryonated eggs [2]. Egg‐
based manufacturing is well established but holds important weaknesses regarding product
uniformity and sterility as well as production and purification scale‐up. Cell‐based vaccine
manufacturing amends several aspects; however, advances to enhance specific and volumetric
yields are still needed. Most efforts focus on process development while little has been done to
improve cell line performance.
In the past few years, an important amount of data regarding the influenza virus‐host
cell interaction networks has been obtained through protein‐protein interaction and wide‐
genome shRNAs screenings [3‐5]. Therefore, we proposed to utilize such information to generate
genetically modified cell lines with altered virus‐host cell interactions with the aim of improving
specific virus yields.
We selected a set of cellular genes reported as inhibitors or promoters of influenza virus
replication [3‐5] to either down‐regulate or up‐regulate their expression in HEK293 cells using
lentiviral vectors. We then performed infections with the influenza A virus (IAV) PR8 at low
multiplicity of infection (MOI=0.0001) and assessed virus production through hemagglutination
and TCID50 assays.
Results obtained show that modifying the expression levels of the selected cellular
genes mainly impacts the replication kinetics of IAV rather than final virus yields. This suggests
that previous studies focused on identifying targets for antiviral drugs design might be biased by
the short‐time windows used to measure virus propagation.
Although our study has not resulted yet in a cell line with improved capacities to increase viral
titers, it brings valuable information regarding dynamics of IAV replication and options to identify
and validate cellular targets to improve cell culture‐derived vaccine production. In addition, our
results provide an indirect validation of cellular targets for antiviral drug design.
[1] WHO. Fact sheet No. 211
[2] WHO. Prequalified vaccines.
[3] Bortz et al. 2011. mBio Vol 2(4)
[4] Shapira et al., 2009. Cell 139
[5] Karlas et al., 2010. Nature Vol 463
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O15 ‐ PRODUCTION OF INFLUENZA‐LIKE PARTICLES USING TRANSFECTION AND
TRANSDUCTION IN HUMAN EMBRYONIC KIDNEY CELLS
Charlotte FOISSARD1, Emma PETIOT1, Laurent DUROUS1, Sylvie JULIANT2, Martine CERRUTI2, Alina
VERENERO SANCHEZ3, Laurent RENIA4, Amine KAMEN3, Manuel ROSA‐CALATRAVA1.
1) Laboratoire VirPath, CIRI UCBL1 ‐ Inserm U1111 – CNRS, 7 Rue Guillaume Paradin, 69008 LYON ‐
FRANCE
2) Baculovirus et Thérapie, CNRS UPS3044, 410 chemin des boissières, F‐30380 ST CHRISTOL LES
ALES ‐ FRANCE
3) Department of Bioengineering ‐ McGill University ‐ 817 Sherbrooke St. W. ‐ MONTREAL –
CANADA
4) Singapore Immunology Network (SIgN) ‐ (A*STAR) ‐ 8A Biomedical Grove, #03‐15, Immunos
Building, Biopolis; SINGAPORE 138648
Virus‐like particles (VLPs) are self‐assembled viral proteins mimicking their native
viruses. These particles are immunogenic, but non‐infectious, since they are devoid of genetic
material1,2. Several VLP‐based vaccines are now commercialized for human or veterinary use1,2. As
for influenza VLPs, few vaccine candidates are presently under clinical trials3. Nevertheless, an
optimal production and purification process is still needed to become a valid alternative to egg‐
based or cell‐based processes5. Indeed, influenza‐VLPs are mainly produced on insect or plant
cells for which processes are easily scalable, but still present quality issues (glycosylation or
contaminants in the final products)4. Mammalian cells could be a good alternative to these issues.
Additionally, development of specific characterization and quantification methods is currently
needed.
To develop an optimal production and purification process for influenza VLPs, two cell
platforms were compared, Sf‐9 insect and HEK293 mammalian cell lines. The influenza proteins
expressed for VLP generation were from the two main antigens HA and NA and the matrix protein
M.
For production in Sf9 cells, infections with a recombinant baculovirus carrying the three
influenza proteins were performed at different MOIs. For production in mammalian cells, two
gene transfer protocols were applied; plasmids transfection or BacMam transduction (baculovirus
carrying gene of interest under the control of CMV promotor). Ratios of HA/NA/M proteins were
evaluated both in co‐transfection (plasmid ratios) and in co‐transduction (BacMam MOI ratios).
Transfection and transduction protocol parameters were also optimized (DNA:cell ratio,
DNA:transfectant ratio, MOIs, harvest time, cell density).
In parallel, purification and detection protocols were developed. Ultracentrifugation on
sucrose cushions and chromatography were compared as purification strategies. Regarding
product characterization methods, protein expression was validated by western blot, VLP batch
potency was analyzed by hemagglutination, and neuraminidase assay, and particle detection was
performed by HPLC and Electron Microscopy.
This study allowed to propose best operating conditions for both cell platform. More
specifically, using different plasmid or Bacmam ratios enabled optimal viral protein expression in
HEK293 cells and selection of specific production protocols for mammalian cells. For each
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infection/ transfection/ transduction conditions tested, HA and NA protein expression was
validated on cell pellets at 48h post production, and influenza‐like particles about 100nm were
detected by electron microscopy. Furthermore, the newly developed HPLC detection method
allowed the rapid screening of the different VLP batches, hence permitting a prompt selection of
the best production and purification protocols.
As expected, although production in Sf‐9 cells yielded high levels of VLPs, it also
produced major baculovirus contaminations. On the other hand, mammalian cell‐produced VLPs
are free of baculovirus‐derived contaminants, yet the presence of vesicles and protein aggregates
can affect purity.
1. Noad, R. & Roy, P. Virus‐like particles as immunogens. Trends Microbiol. 11, 438–444 (2003).
2. Blanco, E. & Barcena, J. Structure and Physics of Viruses. 68, (2013).
3. Chroboczek, J., Szurgot, I. & Szolajska, E. Virus‐like particles as vaccine. Acta Biochim. Pol. 61,
531–9 (2014).
4. Haynes, J. R. Influenza viru‐like particle vaccines. Expert Rev. Vaccines 8, 435–45 (2009).
5. Thompson, C. M. et al. Critical assessment of influenza VLP production in Sf9 and HEK293
expression systems. BMC Biotechnol. 15, 31 (2015).
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O16 ‐ METABOLIC ANALYSIS AND MODELING APPROACHES TO DE‐CONSTRUCT ENVELOPED
VIRAL PARTICLES PRODUCTION IN THE INSECT CELL‐BACULOVIRUS EXPRESSION SYSTEM
Francisca Monteiro1
1)

IBET, Portugal

Production yields of virus‐based bioprocesses are determined by the establishment of
the viral infection, an efficient replicative cycle and expression of the heterologous genes.
Knowledge of the host cell metabolism, mainly in the post‐infection phase, can provide clues on
the metabolic adaptations that occur and, ultimately, aid bioprocess engineers in developing
rational and targeted optimization strategies. In the present work, the dynamics of insect host cell
metabolism was followed during infection to outreach particular fluctuations within the metabolic
network underpinning viral particles production.
The impact of the baculovirus infection on the physiology of High Five and Sf9 host cell
lines was addressed by an in‐depth metabolomic analysis of cellular metabolism in pre‐ and post‐
infection phases. The gathered data was contextualized in a metabolic network representative of
central carbon and nitrogen metabolism of each host cell. Metabolic Flux Analysis (MFA) was
performed to have a quantitative overview of the cellular fluxome dynamics that followed
infection. In addition, the main carbon sources that contributed most to flux activity were
identified and their individual contribution calculated.
Oxidative metabolism was hampered in High Five cells, leading to high accumulation of
by‐products, mainly lactate and alanine. This was not the case for Sf9 cells, in which the glucose
carbon incorporation in the TCA cycle was significantly higher, and lactate production
considerably lower. The high dependence of amino acid metabolism and anaplerosis observed in
the High Five cell line indicated that the cells are able to re‐adjust and combine different catabolic
pathways to ensure proper metabolic activity and energy generation. After baculovirus infection,
the metabolic activity suffered a rearrangement and the channeling of glucose towards pyruvate
formation and further oxidation at the TCA cycle was much more efficient. For instance, in High
Five cells the decrease in amino acid catabolism was balanced by increased glucose oxidation in
the TCA cycle, which contributed to the higher net ATP synthesis observed.
The strong correlation observed between the metabolic state of both host cells with
baculovirus infection highlights the capacity of this virus to act as a metabolic engineer, re‐
directing the cellular fluxome to support viral replication and virions production. These results
pave the way to deepen our knowledge on the relationship between a host cell and the virus,
contributing to the disclosure of the metabolic determinants that contribute to productivity.
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O17 ‐ MODEL‐BASED ANALYSIS OF INFLUENZA A VIRUS REPLICATION IN GENETICALLY
MODIFIED CELL LINES ELUCIDATES VIRUS HOST‐CELL INTERACTIONS
Tanja Laske1, Mandy Bachmann2, Timo Frensing2, Udo Reichl1, 2
1) Otto von Guericke University, Faculty of Process and Systems Engineering, Bioprocess
Engineering, Magdeburg, Germany
2) Max Planck Institute for Dynamics of Complex Technical Systems, Bioprocess Engineering,
Magdeburg, Germany
Influenza A viruses (IAV) are highly contagious respiratory pathogens which constitute a
permanent threat to the global public health. Vaccination is the principle measure to prevent
influenza virus‐related diseases. Traditionally, influenza vaccines are produced in embryonated
chicken eggs but cell culture‐based production is emerging as a promising alternative. For the
latter, however, process optimization is still needed to increase virus yields and to ensure a
sufficient supply of low‐cost vaccine doses. One possible option to optimize influenza virus
production is the manipulation of the expression of host cell factors important for virus
replication. Here, we present a model‐based approach that deepens our understanding of the
underlying molecular mechanisms of selected host cell factors which may support further
engineering of novel vaccine producer cell lines.
In a previous work, our group established a detailed mathematical model which
describes the life cycle of IAV at the single cell level. At first, we performed a parameter sensitivity
analysis of this model to identify key steps of the viral life cycle that represent bottlenecks during
virus replication. Subsequently, we re‐fitted the parameters of this model to experimental data
acquired during infection experiments in human A549 cells overexpressing selected host cell
factors. For this, we integrated measurements of the three influenza viral RNA species (m‐, c‐ and
vRNA), viral genome import and export kinetics as well as viral titers, and determined fold‐
changes in parameter values with respect to the parental cell line. Altered parameter values
pointed to mechanisms of virus growth manipulated upon host cell gene overexpression and, in
addition, provided an indication of the possible role of the corresponding host cell factor with
respect to intracellular IAV replication.
Our model analysis showed that the upregulation of vRNA synthesis, a delayed shut
down of vRNA replication and improved packaging/budding can significantly enhance virus
production. These findings were confirmed for two overexpression cell lines generated by
collaborating partners (HZI Braunschweig, Germany). Here, an increase in the vRNA synthesis rate
by at least four‐fold was determined by our model compared to the parental A549 cell line.
Interestingly, the synthesis rate for mRNA was slightly decreased in some cell lines. This might be
also beneficial for virus growth since the synthesis of regulatory viral proteins, such as matrix
protein 1 and the nuclear export protein, is reduced and thereby shut down of viral replication is
delayed. However, for other overexpression cell lines, which showed improved early virus growth
dynamics, RNA synthesis rates were not changed upon host cell factor manipulation. This points
to the importance of other steps in the viral life cycle such as particle assembly/budding which
might represent a bottleneck and, if manipulated, should also allow to improve virus yields. In
conclusion, our model‐based study as well as the experimental data obtained for overexpression
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cell lines confirmed the results of the parameter sensitivity analysis and provided a clear
indication that genes either involved in viral RNA synthesis steps or assembly/budding of progeny
viral particles are promising targets for the design of high yield cell lines.
Keywords: influenza A virus replication, virus‐host cell interaction, cell line engineering, influenza
vaccine production
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O18 ‐ DEVELOPMENT OF A VECTORED VACCINE AGAINST HEPATITIS E VIRUS: PRODUCTION,
PURIFICATION AND EVALUATION OF THE IMMUNOGENICITY OF THE VACCINE

Khaled Trabelsi1, Cyrine Ben Taleb 1, Rym Dhifalli1, Amine Kamen2 & Héla Kallel1
1) Laboratory of Molecular Microbiology, Vaccinology and Biotechnology Development, Viral
Vaccines Research & Development Unit. Institut Pasteur de Tunis. 13, place Pasteur. BP.74 1002
Tunis. Tunisia
2) Department of Bioengineering. McGill University 817 Sherbrooke St. West Macdonald
Engineering Building, Room 387. Montreal. Canada
Hepatitis E virus (HEV) is now established as an emerging enteric viral hepatitis, and is
considered as a worldwide public health problem. It is the first cause of acute viral hepatitis in
the world with an estimated 20 million infections every year, with 56 000 deaths and 3000
stillbirths. The disease is recognized by WHO as a public health concern in many countries (WHO
report, 2016).
Hepatitis E virus (HEV) is a small, non‐enveloped, single‐stranded, positive‐sense RNA
virus. The genome size is approximately 7.2 kb, and contains three overlapping open reading
frames (ORFs). ORF2 encoding the viral capsid protein, is highly immunogenic, producing long
lasting neutralizing antibodies. This antigen has been used for all vaccine studies so far.
Among the HEV candidate vaccines, one vaccine was recently licensed in China. This
vaccine named HEV239 vaccine (Hecolin) is composed of Virus Like Particles of a truncated HEV
capsid protein and is alum‐adjuvanted. The product was successfully evaluated in humans, and
licensed in China in 2011.
However, the licensed vaccine and other candidate HEV vaccines show several limitations; they
are delivered via the parenteral route (intramuscularly) and need several injections to be
effective. This may have a drawback on vaccine cost and hinder the massive use of the product in
developing countries, where HEV is endemic.
In this work, we suggest to develop a novel vaccine against hepatitis E infection using
adeno‐associated virus (AAV) as a vector containing the gene of the truncated capsid protein of
HEV (112 aa ‐660 aa), Sf9 cells were infected by recombinant baculoviruses (BacRep, BacCap or
BacCap/Rep and BacITRHEVORF2). To improve rAAV 2 and 6 productions in Sf9 insect cells, we
optimized viral production in Erlenmeyer flask using the experimental design method. We
analyzed the effects of the following factors: initial cell density, time of infection, temperature
and Multiplicity of infection (MOI). The rAAVs were purified by chromatographic methods.
Collected fractions were analyzed by qPCR to determine rAAV titer; fractions were also analyzed
by SDS‐PAGE. The vaccine will be delivered via the intramuscular route. For this purpose, different
groups of Balb/c mice were immunized according to different protocols. We had particularly
studied the effect of the injected dose, rAAV serotype and the use of adjuvant.
We determined optimal production conditions for all the serotypes of rAAV2 and 6. Each
harvest of the different serotypes of AAV was purified by affinity chromatography. AVB Sepharose
column had resulted in an overall yield varying between 67% to 100%, depending on the serotype.
The obtained results showed that the rAAV6 gave better immune response compared to rAAV2.
After administration of rAAV, both non‐adjuvated and adjuvanted vaccines induced high anti‐
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HEVORF2IgG titers. The adjuvanted rAAV induces a better immune response than rAAV alone. The
study of the distribution of rAAV showed its presence in the target organs (heart, muscles, lungs,
central nervous system) and the highest amount of rAAV2 in the muscle. Besides the humoral
response, currently we are studying the cellular response in immunized mice.
Key words: Hepatitis E, Adeno‐associated virus, production, Purification, immunogenicity,
vectored vaccine
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P1 ‐ DEVELOPMENT OF MEDIA FOR NEXT‐GENERATION PERFUSION PROCESSES
Jochen B. Sieck1
1)

Merck Life Science – Merck KGaA, Germany

Perfusion processes have fundamentally different requirements for cell culture media,
compared to fed‐batch processes. Desirable characteristics depend on the type of perfusion
process that is targeted, e.g. long term steady‐state perfusion including integrated continuous
purification (Warikoo et al. 2012) and high density, short term perfusion or ‘concentrated fed‐
batch’ (Yang et al. 2016). A general trend to maximize the volumetric productivity of perfusion
processes is towards higher VCDs and lower perfusion rates. Thus, the development targets for
perfusion media are a reduction of cell specific perfusion rate (CSPR) and increase of cellular
productivity (qP). However, there is very little literature available on how perfusion media can be
developed and optimized. Thus, a focus of this project is to develop a viable work flow for the
development of perfusion media while working on a novel, chemically defined perfusion medium
that supports the different types of next‐generation perfusion processes.
We have demonstrated the application of predictive scale‐down models of perfusion
bioreactors for medium development. For this, different operating modes (e.g. semi‐continuous
perfusion, semi‐continuous chemostat, repeated batch) in 50mL SpinTube bioreactors were
evaluated for comparability with 4L benchtop perfusion bioreactors, equipped with ATF2 systems.
Using these scale‐down models, we have applied different experimental strategies including
classical spent media analysis, design of experiments (DoE) based approaches and multivariate
data analysis (MVDA) to achieve increased medium and process performance.
The scale‐down model mode of that showed best comparability was shown to be semi‐
continuous perfusion (SCP) mode (see also Villiger‐Oberbek et al. 2015). Using the methods
described above we have successfully screened for a basal medium as starting point for medium
development and optimization. During subsequent medium development and optimization, CSPR
could be reduced from 33 to below 13 pL cell‐1 d‐1 allowing for a significant increase in VCD
supported by a given perfusion flow rate. In addition, qP could be increased by ~60%, resulting in a
significant increase of overall process productivity. Furthermore, the work flow developed can be
used for developing an off‐the shelf perfusion medium and/or customer development projects in
the future.
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P2 ‐ HOW TO SELECT THE MOST SUITABLE MEDIA FOR YOUR CELLS
Jochem van der Veen1, N Nilson, W Yang1, D Hol‐Schop1, N Vriezen, MCF Dalm1
1) Synthon Biopharmaceuticals BV
Many different media are available to culture CHO cells. Vendors have different
philosophies when developing a medium as defining a medium is a complex process. Different
types of CHO cells have different nutrient requirements, and even different clones from the same
host may have different nutrient requirements. This makes choosing a right medium for the CHO
of interest challenging. In this study we give our approach to the question: How to select the most
suitable media for your clone?
This study compares the response of two clones producing the same mAb to a range of
basal media. Clone I is fast‐growing and low‐producing, while Clone II is slower‐growing, but high‐
producing. Using batch cultures, a panel of eleven different basal media from different vendors
was evaluated for growth, titer and metabolism. In a second set of experiments media were
mixed, according to a mixture DoE, to find more optimal culture conditions.
The response of the cells to the different media is presented. The obtained data was
used to identify the characteristics of the tested media, which are either growth or productivity
supporting. By mixing media that have a desirable metabolite profile, support growth, or support
production of a clone specific optimal medium can be obtained.
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P3 ‐ IMPROVEMENT OF CHO SPECIFIC PRODUCTIVITY USING TYROSINE AND CYSTEINE
DERIVATIVES

Caroline Hecklau1, Sascha Pering1, Alisa Schnellbaecher1, Thomas Eichhorn2, Aline Zimmer1
1) Merck Life Science – Cell culture media development – Merck KGaA, Germany
2) Merck KGaA – Analytical department
Industrial fed‐batch cultivation of mammalian cells is used for the production of
therapeutic proteins such as monoclonal antibodies. Besides medium ensuring initial growth,
feeding is necessary to improve growth, viability and antibody production. Amino acids are key
elements for the cellular metabolism but also for the quality of the recombinant protein
produced. Several studies have already demonstrated the link between amino acid availability
and sequence variants [1‐3] or specific modifications like trisulfide bonds [4]. To avoid such
modifications, the chemical modification of amino acids is an interesting alternative to modulate
their overall solubility [5], stability or chemical reactivity.
In this study, we analyzed the beneficial effect of using S‐sulfocysteine sodium salt and
phosphotyrosine di‐sodium salt in neutral pH feeds on CHO cell growth and specific productivity
in small scale and bioreactor experiments. The mechanisms of extra‐ or intracellular amino acid
metabolization were investigated as well as the interaction with other media or cellular
components. Additionally, gene expression arrays and western blot analyses were used to
decipher the mechanisms of increased productivity. Finally, LC‐MS based methods were used to
study the impact of the chemical modification on several IgG critical quality attributes.
In small scale fed‐batch processes, the concomitant use of S‐sulfocysteine and
phosphotyrosine in a single feed at neutral pH allowed an overall simplification of the process as
well as an increased specific productivity. In depth characterization of the monoclonal antibody
indicated no change in the glycosylation, or charge variant pattern whereas peptide mapping
experiments were not able to detect any integration of the modified amino acids in the sequence
of the monoclonal antibody. Finally, the mechanism of increased productivity was investigated
and results pointed out to an anti‐oxidative cellular response mediated through an increase in
superoxide dismutase enzyme levels and in the total intracellular glutathione pool. Altogether,
this work provides tools to simplify and improve fed‐batch process performance through the use
of a single feed containing highly soluble and stable cysteine and tyrosine derivatives.
1. Zeck, A., et al., Low level sequence variant analysis of recombinant proteins: an optimized
approach. PLoS One, 2012. 7(7): p. e40328.
2. Khetan, A., et al., Control of misincorporation of serine for asparagine during antibody
production using CHO cells. Biotechnol Bioeng, 2010. 107(1): p. 116‐23.
3. Feeney, L., et al., Eliminating tyrosine sequence variants in CHO cell lines producing
recombinant monoclonal antibodies. Biotechnol Bioeng, 2013. 110(4): p. 1087‐97.
4. Kshirsagar, R., et al., Controlling trisulfide modification in recombinant monoclonal antibody
produced in fed‐batch cell culture. Biotechnol Bioeng, 2012. 109(10): p. 2523‐32.
5. Zimmer, A., et al., Improvement and simplification of fed‐batch bioprocesses with a highly
soluble phosphotyrosine sodium salt. J Biotechnol, 2014. 186: p. 110‐118.
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P4 ‐ IMPACT OF SMALL MOLECULES ON CHO CELL CULTURE PERFORMANCE AND IGG
GLYCOSYLATION

Janike Ehret1, Yasmin Trumpfheller1, Thomas Siegl2, Bianca Roth2, Johanna Lörsch2, Aline Zimmer1
1) Merck Life Science – Cell culture media development – Merck KGaA, Germany
2) Merck Life Science – Analytics and development support

The glycosylation profile of therapeutic IgG produced in CHO cells is of major importance
since it influences safety, efficacy and half‐life of the antibody. Additionally, regulatory approval
of biosimilars requires a similar glycosylation pattern as the originator product. The glycosylation
profile can be influenced by the choice of the cell line, genetic engineering, process conditions
such as dissolved oxygen or pH and the media and feed formulation. Since desired adjustment of
the glycosylation profile of IgG produced in CHO cells is currently a major challenge in our
industry, the influence of various compounds on the glycosylation in CHO cells was tested in this
work.
Fed‐batch processes of CHO K1 and CHO DG44 derived cell lines producing an IgG1 were
performed in 30 mL spin tube and in the ambr15 controlled bioreactor system. Different
concentrations of various compounds were added in the feed to evaluate the ability to alter the
glycosylation profile. Several CHO cell culture parameters including viable cell density, viability,
titer and other metabolic profiles like lactate and ammonia were measured during the fed‐batch.
The glycosylation profile of the IgG was analyzed after APTS labeling by capillary gel
electrophoresis with laser induced fluorescence detection at different time points within the fed‐
batch process.
The ability to specifically modify the glycosylation profile of an antibody by the addition
of different feed additives is a valuable tool. In this work, the impact of various compounds on
process parameters, like viable cell density and titer, and the glycosylation profile was evaluated.
These results, including the comparison of controlled and non‐controlled process conditions as
well as dose responses and harvest time in a fed‐batch process, will contribute to a better
understanding and specific modification towards a desired IgG glycosylation pattern.
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P5 ‐ WHAT CHO WANT?
Tatiana Sharafutdinova1
1)

State Research Institute of Highly Pure Biopreparations, Russia

Our laboratory started to develop the platform for recombinant proteins production in
mammalian cells in 2009. We began from scratch by adapting adherent CHO‐DUXB and CHO‐K1
cell lines from local cell bank to grow in suspension in commercial serum‐free media. At the same
time, development of plasmid vectors for efficient expression of proteins, transfection and
selection protocol optimizations were undertaken.
Eventually we obtained two suspension cell lines that demonstrate robust growth and
high viability in two different commercial media. The maximal VCD we achieve is 7 ×106/ml for
CHO‐DUXB while CHO‐K1 show growth up to 20×106/ml. Methotrexate (sometimes combined
with geniticin) selection is used for CHO‐DUXB and puromycin has proven to be the most effective
selection antibiotic for CHO‐K1. To date we have CHO‐DUXB and CHO‐K1 ‐ based producers of
several original and generic antibodies, highly‐glycosylated cytokines and hormones and generic
fusion‐protein. The best cell‐specific productivity we achieved is up to 35 pcd for monoclonal
antibody producing cells and up to 30 pcd for other protein producers.
My field of interest is the study of host cell and producer cell lines metabolism. I hope to reveal
some patterns and differences in biochemical life of CHO cells to optimize the cultivation process
and increase product yields. Our CHO‐DUXB and CHO‐K1 suspension cell lines have some notable
features.
First, both of them can grow and produce recombinant products after depletion of
glutamine and don’t require any additional glutamine supplementation. Glutamine feeding leads
to increase of ammonia production, as expected, that results in reduced viability, and has little or
no effect on volumetric productivity.
Second, all the cell lines always shift their metabolism to lactate consumption at day 3 or
4 of fed‐batch process depending on the temperature of cultivation, this happens in bioreactors
and shake flasks in the same manner. We have never seen lactate concentrations higher than 2.5
g/l because of this metabolic shift. So neither high concentrations of ammonia no growing
amounts of lactate harm our bioprocess and we look for other ways to improve VCD and
productivity.
To optimize fed‐batch processes we initially analyzed amino acid consumption and tried
to replenish those that were lacking. However, this led almost to no effect. In contrast, addition of
several commercial feeds that we tested using different feeding schemes resulted in some cases
to more than 10‐fold increase in volumetric production of protein of interest. It should be noted
that the effect of commercial feed was more profound for antibody‐producing cell lines. In several
cases the feeds remarkably increased cell‐specific productivity during the stationary phase.
At the same time some of the producers of highly‐glycosylated proteins did not benefit
from commercial feeds at all and some responded with elevated production of recombinant
proteins with impaired glycosylation.
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P6‐ DEVELOPMENT OF A SCALABLE PRODUCTION PLATFORM FOR TRANSIENT GENE
EXPRESSION IN MAMMALIAN CELLS

Sebastian Puengel1
1)

InVivo BioTech Services, Germany

Transient gene expression (TGE) is a multi‐parametric process which is built upon four
essential influencing factors: First of all, it is imperative to have an easy to transfect cell line which
allows high product titers and is cultivated in suspension. Secondly, only a few of the
commercially available cell culture media allow / support transient transfection and production.
Thus, it is highly recommended to select the appropriate medium to grow and transfect the
favored cell line. Thirdly, the quality, source and backbone of the plasmid DNA which contains the
genetic information for the protein of interest has a major impact. Last but not least, to introduce
plasmid DNA into mammalian cells, selection of a suited transfection reagent plays an important
role for high‐yielding TGE processes.
Starting from a basal medium for mammalian culture, a novel medium which supports
both transient transfection and high titer transient gene expression was generated in cooperation
with Xell AG. Improvements were achieved by stepwise screening and optimization of media
components with regards to higher cell growth, transfection efficiency and productivity. The final
medium formulation led to a 4‐fold increase in IgG1 productivity. To generate an optimized host
cell line for TGE processes, we utilized directed evolution which resulted in a 3‐fold increase in
IgG1 productivity in comparison to the parental host cell line. Commonly used transfection
reagents such as polyethyleneimine (PEI) are quite cytotoxic when used in high concentrations. As
a consequence, the maximum transfectable cell density is limited, since about 0.5 pg DNA/cell are
required during transfection. As a result, similar levels of production required much larger cell
culture vessels using 25 kDa L‐PEI. The newly developed INVect is a transfection reagent which
demonstrates low cell toxicity for transient transfection of mammalian cells and leads to
extremely high transfection efficiencies up to 90 %, 24 h post transfection. Finally, the use of
INVect for transfection at TGE conditions resulted in high levels of protein expression with 2‐fold
increase in IgG productivity compared to 25 kDa linear PEI.
At least the production of two plasmids were compared using different E. coli strains
cultivated in three different media in regards to yield and quality aspects. Quality attributes such
as the amount of supercoiled monomeric DNA highly depended on the host strains, whereas
absolute yield was found to be a function of the cultivation medium. Additionally, a purification
process was implemented using an anion exchanger. Four independent runs resulted on average
in 40 mg plasmid DNA/L culture volume.
The developed TGE system includes an advanced cell line and vector system, a novel
transfection reagent as well as a unique and customized media, all synergistically optimized for
highly efficient production of recombinant proteins. Applications of this streamlined process are
in early development and lead identification as well as gram‐scale production for (pre‐)clinical
trials. Furthermore, a pseudo‐perfusion TGE process was developed for the production of toxic or
labile products such as enzymes or vaccines. Lastly, a simplified procedure of the production
process using a customized concentrated feed supplement was implemented which resulted in
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antibody titers up to 850 mg/L. Subsequent screenings of transfection enhancers show promising
results and indicate potential for further improvements.
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P7 ‐ ULTRA‐SCALE DOWN MIMICS FOR PERFUSION CULTURE: EXPERIMENTAL AND
MODELLING OPTIMISATION STUDY FOR RAPID BIOPHARMACEUTICAL PROCESS
DEVELOPMENT
Molly Tregidgo1
1)

University College London, UK

The implementation of perfusion culture as an alternative to fed‐batch culture has the
potential to reduce manufacturing costs associated with the production of historically expensive
products such as mAbs. Recent technology improvements have meant that the increased
complexity of set up and operation associated with perfusion culture has been alleviated, leading
to stronger industrial interest. While scale‐down technology is well understood and currently
available for process development and optimisation of fed‐batch bioreactors and associated
downstream processing operations, currently no sub‐litre scale device able to adequately mimic
perfusion culture exists on the market, although some products are in development.
This work presents solutions to enable the effective mimicking of perfusion culture at
scales at or below 100mL. A perfusion mimic must be able to reproduce the specific
characteristics of perfusion cultures, namely cell retention capabilities, the ability to support high
cell densities and operate for extended periods compared to fed‐batch cultures. Initial
experimental work has focused on the cultivation of a CHO cell line in 24 well microwell plates,
with a working volume of ~1mL in batch, fed‐batch and perfusion modes. Cell growth profiles,
metabolite concentrations and product expression results generated in the batch and fed‐batch
modes are consistent with previously published studies. To date, no microwell suspension
cultures of CHO cells in perfusion mode have been published. Two mechanisms of cell retention in
the microwell plates are explored; centrifugation and sedimentation. Performance metrics such as
product expression, growth curves and metabolite concentrations will be compared to both the
data generated in batch and fed‐batch mode, to highlight any performance differences between
microwells run in different operational modes, as well as providing a comparison to results of
larger scale perfusion cultures.
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P8 ‐ DEVELOPMENT OF MEASUREMENT, MONITORING, MODELLING AND CONTROL
STRATEGIES IN PRODUCTION PROCESSES WITH CHO CELL CULTURES
Alina Handl1, Friedemann Hessea1
1)

Institute of Applied Biotechnology, Biberach University of Applied Sciences, Germany

A better process understanding and control of biopharmaceutical production processes
is important for the safety and efficacy of drugs. Therefore, the FDA defined process analytical
technology (PAT) as a mechanism to design, analyse, and control critical process parameters,
which affect critical quality attributes. However, real‐time monitoring of important process
parameters, like the cell or glucose concentration, is often hampered by the lack of direct
measurement systems, especially for complex process parameters. Therefore, interactions of
different signals of several measurements which are correlated to these production parameters
need to be investigated to enable the implementation of soft sensors. The soft sensors can be
used for process control, for example automated feeding strategies.
For this approach spectroscopic methods are most useful. Fluorescence spectroscopy
features high sensitivity and robustness and can be implemented as online measurement system
in the production process, which is an important prerequisite for the development of soft sensors.
The intrinsic fluorescence signal of the cell culture is a mixture of fluorescence signals that
originate from different components such as aromatic amino acids, ATP, NAD(P)H, FAD and
vitamins, that change during production processes. We have investigated the applicability of 2D
fluorescence spectroscopy for the online monitoring of Chinese hamster ovary (CHO) cell cultures,
stable expressing a monoclonal antibody.
The excitation/emission spectra of different batch and fed‐batch fermentation processes
were recorded for this purpose. Multivariate data analysis was used to investigate the multi‐
factorial relationships of the measured data. In a first step, principal component analysis (PCA)
was used to organize the data and extract the relevant information. In a second step, partial least
square regression (PLSR) was applied to correlate the 2D fluorescence spectra to offline measured
process parameters like viable cell concentration, glucose concentration or product titer to
generate reliable soft sensors for online monitoring of important production parameters.
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P9 ‐ ENSURING MONOCLONAL ANTIBODY PRODUCING CELL CULTURE SCALING
EXCELLENCE THROUGH BIOREACTOR CHARACTERIZATION
Emma Chevalier1
1)

Sanofi, France

Cell culture scaling is a challenging part of process development and characterization.
Whether it is scaling‐up to launch a new product at manufacturing‐scale or scaling‐down to
establish a representative lab‐scale model, precise knowledge of bioreactors is essential. Many
aspects of a bioreactor including its geometry, configuration, and control scheme can all affect the
hydrodynamic and chemical environment in the bioreactor, which in turn affect the metabolic
responses of the cell culture. To ease the difficulties that could be encountered when scaling up
or scaling down, bioreactors need to be thoroughly characterized to build equipment knowledge
base.
To characterize a bioreactor, two different methods are available: experimental
measurements and simulation by first principle models and Computational Fluid Dynamics (CFD).
The combination of experimental measurements and simulations allows depicting a more precise
picture of the hydrodynamic and chemical environment of the bioreactor than experimentation
alone. In this presentation, a case study will be shared to explain the combined approach taken at
Sanofi to gain comprehensive understanding of our equipment. Several hydrodynamic dimensions
including gas transfer, shear stress, and turbulent stress were characterized. In particular, gas
transfer coefficient, kLa, were measured experimentally under different conditions using the
gassing out method. The outputs were then modelized to predict kLa under a wide operating
range. These experimental measurements were conducted at several scales including bench‐scale
glass bioreactors, pilot‐scale stainless steel bioreactors, and etc. A surrogate medium was
developed to mimic the characters of cell culture medium in terms of gas transfer and used in the
measurements to reduce experimental costs. Mathematical model was developed and utilized to
predict the pCO2 and pH profile in the bioreactors. The buffering role of the medium was also
taken into account by including its composition into the model. Additionally, shear and turbulent
stresses and mixing efficiency will be characterized through CFD simulation.
These bioreactor characterization data were then combined with historical cell culture
run data and prior cell culture knowledge to determine the optimal bioreactor configuration and
control scheme across scales. Cell culture performance and product quality were then assessed.
Performance and product quality shifts across scales were either eliminated or reduced when
bioreactors across scales were operated under the tuned configurations and control schemes. In
conclusion, the comprehensive equipment knowledge enabled by the combined characterization
approach including both experimental measurements and simulations allows process
development teams to develop scaling strategies and to support process transfer effectively.
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P10 ‐ DOE PROCESS OPTIMIZATION TO REDUCE PRODUCT RELATED IMPURITIES IN A NOVEL
IMMUNOCYTOKINE

Alina Schneider1, Florian Lipsmeier, Ingo Gorr, Oliver Popp, Timo Frensing, Markus Neubauer
1) Roche pharma Research and Early Development (pRED), Large Molecule Research, Cell Culture
Research, Roche innovation Center Munich, Germany
Interleukin‐2 (IL‐2) is a potent molecule in cancer therapy. Clinical application of
Proleukin® (aldesleukin), however, is limited due to severe toxicities of the molecule during
treatment. Roche pRED has developed an IL‐2 immunocytokine to circumvent the drawbacks of
the current IL‐2 therapy. This molecule targets a tumor marker (TM) and, hence, realizes a local
effect of IL‐2 in TM bearing tumor tissue. In addition, IL‐2 itself and the Fc region are modified for
decreased toxicity of the molecule. Nevertheless, the complexity of the molecule entails the
formation of various product‐related impurities. Thus, a fast and elegant DoE (Design of
Experiment) process optimization with regard to quality in small scale bioreactors was performed.
As a first step, the influence of different process parameters on product quality was
examined. The outcome was subsequently applied in a DoE approach, where these parameters
were varied in the previously defined ranges. DoE is a powerful and elegant tool to plan
experiments efficiently by combining several input variables instead of applying a one‐factor‐at‐a‐
time analysis. Here, the goal was to find the optimal process conditions to increase the proportion
of product main species while also keeping product titer to a maximum. The cultivations were
performed in small‐scale bioreactors (15 mL) using an automated system (ambr15™, TAP
Biosystems). With 24 bioreactors in parallel the system allows for variation of multiple parameters
as required for DoE. Subsequently, the design was evaluated using JMP software (SAS Institute).
Furthermore, a model was generated with the intention to predict the optimal values for the
desired output. To verify whether these theoretically optimal values indeed lead to a higher
proportion of main species and high titer, cultivations in 2L scale bioreactors were performed. The
optimized process reduced product side species by over 50 % compared to the former process,
while keeping the titer of main species product at the same level. Obviously, the high precision,
reproducibility, and control of the ambr15 system translate changes to process parameters in
predictable product quality and yield.
In summary, an elegant approach was applied to develop a manufacturing process,
tailored for the production of a novel, IL‐2 based immunocytokine. In future, applying small scale
high‐throughput systems for process development is of outstanding importance to cope with the
challenges in the manufacturing of more and more complex antibodies.
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P11 ‐ UNTARGETED ANALYSIS OF SMALL MOLECULES BY LC‐HRMS – A NEW POWERFUL
METHOD IN CELL CULTURE MEDIA AND PROCESS DEVELOPMENT
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von Hagen1, Aline Zimmer1
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Nowadays, the commercial production of biopharmaceutical proteins is primary based
on fed‐batch suspension cultures using recombinant Chinese hamster ovary (CHO) cells. To obtain
high product quantities under fulfillment of product quality requirements, maintenance of
optimal cell culture conditions during the production process is mandatory.
The application of metabolomics to cell culture media and process development is an
emerging field of research, since the analysis of small molecules provides deeper insights in the
metabolism of cultured cells. This knowledge may help to improve and/or develop media and
feed formulations as well as feeding regimes. Therefore, this work aims on the application of
metabolomics in the field of cell culture media development.
An untargeted, mass spectrometry‐based analysis was applied to identify small
molecules within cell culture media. The studies were performed by using a liquid
chromatography coupled to a Q Exactive mass spectrometer working in high resolution mode.
Through statistical analysis, the obtained data were screened for significant features, accounting
for differences between defined media conditions.
Factors that contribute to process performance were grouped into chemically and biologically
derived components. The focus of chemical studies was the elucidation of raw materials
interactions and formation of undesired degradation products. Within biological studies, the
influence of chemically defined in‐house media and feed formulations on the metabolic state of
cultured CHO cells was determined.
An untargeted mass spectrometry‐based platform was successively implemented to
monitor small molecules within complex cell culture matrices. Via multivariate statistical analysis,
we were able to distinguish the influence of different media and feed formulations on the profile
of small molecules. The identified compounds could be linked either to chemical degradation
pathways (e.g. initiated by light induction and subsequent ROS formation) or to cellular metabolic
networks. All in all, this work helps to further understand the impact of raw materials on the
overall performance of industrial cell culture media systems.
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P12 ‐ EXPRESSION OF VITREOSCILLA STERCORIARIA HEMOGLOBIN IMPROVES GROWTH AND
REDUCES LACTATE YIELDS IN CHO‐K1 CELLS
Mariana Juárez Osorio1
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Chinese hamster ovary cells (CHO) have remained over time as the most widely used
expression system for biopharmaceuticals production. However, a high lactate excretion rate
during the culture of these cells is still a problem. Accumulation of this metabolite in media
produces adverse effects in cell growth, productivity and viability. Strategies to control lactate
production include media and feed batch process optimization and cell engineering. In this way, a
different strategy is proposed in this work, expressing the Vitreoscilla stercoraria hemoglobin
(VHb) in CHO‐K1 cell line. VHb expression has been related with cell growth and protein
production improvement, and also has a positive interaction with energy metabolism. For this
reason, we expect that VHb could help to reduce lactate excretion in CHO cell cultures. There are
several reports about VHb expression in different organisms including bacteria, yeasts and plants
but, there is only one report in CHO cells and it was focused on post‐translational processing
acceleration.
As a first approach, we used transient expression with Lipofectamine 2000 to evaluate
the VHb effect on CHO‐K1 cells. VHb gene (vgb) was modified for expression in CHO cells and
finally cloned into pVAX‐1. Besides, plasmid pVAX‐1 with the green fluorescent protein gene (GFP)
was used as a reporter plasmid for transfection efficiency determination. VHb expression was
verified by western blot analysis. Additionally, fluorescence microscopy was performed for
intracellular localization of the VHb. Finally, cell growth curves after transfection with pVAX‐vgb
and pVAX‐GFP were carried out, and glucose, glutamine and lactate were measured. Cultures with
and without Lipofectamine were used as controls.
According to western blot results, VHb was successfully expressed in CHO‐K1 cells after
transfection with pVAX‐vgb. Also VHb was found throughout the cytoplasm and in intracellular
structures, but further analyses are needed to determine if VHb could be located also in
mitochondria, where it is expected to deliver oxygen. Cells expressing VHb exhibited a 36%
greater specific growth rate than cells expressing GFP, which is coincident with reports about VHb
improvements in cell growth. Also glucose and glutamine were more efficient utilized by cells
expressing VHb than by cells expressing GFP since the values for yields of biomass on glucose and
glutamine (Yx/s and Yx/gln) were higher in cells transfected with pVAX‐vgb. Besides lactate produced
per cell was lower in cells expressing VHb than in those expressing GFP. However, no difference
was found in specific glucose and glutamine uptake rates (qs and qgln) and specific lactate
excretion rate (qlac) between those two groups of cells. This is an effect of the increased growth
rate when VHb was expressed. Such results are relevant for practical applications and can
potentially be improved by increasing transfection efficiency or constitutive expression of the vgb
gene. Altogether, our results show that aerobic expression of the VHb is a useful tool to improve
the growth performance of CHO cells.
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P13 ‐ IMPACT OF METABOLISM CHANGES ON PRODUCT QUALITY IN HIGH PERFORMING
MAMMALIAN CELL CULTURES
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Use of high‐titer cell lines and high‐quality antibody products are the primary objectives
for process development for biologics production in an industrial environment. Because variations
in bioprocess parameters can affect post‐translational modifications of cell culture products, it is
imperative to monitor product quality during cell culture process development. Variations, or
changes to cell culture products, can affect function, clearance rate, immunogenicity, and specific
activity that translates into clinical implications. Metabolic changes occurring during a production
process can impact product quality through waste accumulation and reactions of rich and
complex media and feed components needed to sustain the cell line productivity and growth.
In our study, metabolism changes were induced to assess their impact on product
quality by adding specific components in a high density chinese ovary cell culture producing a
recombinant monoclonal antibody. A scale down model of the large scale fed batch process has
been used for the production step. The product quality assessment was performed using size
exclusion chromatography for molecular weight species analyses, isocapillary focusing for
monitoring charge variant levels and spectrophotometry for relative monoclonal antibody color
measurement. Amino acid concentration measurement were also performed using the
derivatization AccQTag kit (Waters) in reverse phase chromatography.
Differences in process performances were observed during the production
supplemented by the tested components in bioreactors. Indeed, the addition of some of the
components assessed in this study improved cell growth and product titer during the production
phase and reduced product related variants. Metabolite concentration measurements such as
lactate, ammonia, amino acids and lactate dehydrogenase suggested metabolism modifications
could have a major impact on the recombinant protein product quality attributes.
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P14 ‐ TOWARDS ELUCIDATING THE IMPACT OF C‐MYC ON EXPRESSION OF RECOMBINANT
PROTEINS
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Even though there are a variety of alternative expression systems for commercial
production of therapeutic proteins, over the past two decades mammalian cells still remain the
principal hosts as they are able to perform efficient post‐translational modifications on the
proteins they produce. Chinese Hamster Ovary (CHO) cells are the gold standard cell line for the
production of these recombinant products though other cell lines have also obtained regulatory
approval for recombinant protein production on a commercial scale. Since CHO cells, normally,
need to be scanned for high expressing cloned, a technology called Recombinase mediated
cassette exchange (RMCE) offers the reuse of identified sites for to make a change between GFP
marker and interest protein. Therefore different proteins can be expressed from the same cell
clone limiting the time and costs for scanning high CHO expressing cells. Next to the genetic
environment as well the culture conditions of these cells seem to be important for high
productivity. Changes in culture conditions, as use of low temperature or different carbon
sources, had decreased lactate production and/or improve the use of glucose. Also genetic
modifications had been used to the improvement of metabolism, cell proliferation, longevity and
productivity.
Recent studies suggested that overexpression of certain factors of global regulation (e.g.
c‐Myc,), together with the optimization of culture conditions, give rise to improved cell growth
and efficiency of glucose metabolism in processes based on CHO cell culture. However a
systematic study to investigate the effect of this factor on the productivity of recombinant
proteins is missing.
We aimed at investigating the impact of c‐Myc on protein production in a highly
controlled setting relying on RMCE compatible CHO cells in which the protein expression is
achieved from a defined chromosomal locus .To identify high expressing integration sites in CHO
cells, an FRT tagged reporter gene GFP was employed. High and stable producing cell clones
could be identified. To investigate the effect of c‐myc on the protein productivity, individual GFP
expressing clones were transduced with a c‐myc expression cassette by lentiviral transfer.
Compared to the non‐infected cells the c‐myc infected pool showed a higher GFP production.
Clones are established and will be characterized with respect to expression level of the reporter
and c‐myc. Finally, the GFP cassette will be exchanged for protein expression cassettes to
investigate the impact on a secreted protein. Together, this will allow elucidating a potential role
of c‐myc on the protein production.
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P15 ‐ IDENTIFICATION OF MOLECULAR NETWORKS INVOLVED IN SPECIFIC PRODUCTIVITY
INCREASE OF T‐PA PRODUCED IN CHEMOSTAT CULTURE OF CHO CELLS UNDER CONDITIONS
OF MILD HYPOTHERMIA, ADDITION OF SODIUM BUTYRATE AND VARIATION OF THE SPECIFIC
CELL GROWTH RATE.
Mauricio Vergara1
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CHO cell line is widely used in the production of recombinant proteins in therapy due to
its ability to adequately perform posttranslational modifications ‐ glycosylation and folding ‐
necessary to give the protein required characteristics for human use. Different strategies have
been used to increase the specific productivity (qP) of proteins, including the application of mild
hypothermia (33‐30°C) and addition of sodium butyrate (NaBu). The application of both strategies
involves a concomitant decrease in the specific cell growth rate (μ) in batch culture. Recent
research have shown a differential effect of mild hypothermia and μ on production and
processing of the recombinant protein t‐PA expressed in CHO cells, increasing qP of t‐PA when
decreasing μ is applied jointly with mild hypothermia (33°C). It is interesting to identify molecular
networks involved in the increase of qP by the effect of mild hypothermia, NaBu and low μ.
In order to identify these networks separately and jointly, a series of CHO cells
chemostat cultures were performed at two μ (0.010 and 0.018 (h‐1)), two temperatures (33 and
37°C) and presence or absence of Nabu (+/‐ Nabu) conditions. The response of each condition
evaluated (μ, T °, NaBu) was subjected to transcriptome analysis using GeneChip® CHO Gene 2.0
ST Array, Affymetrix brand, which has a total coverage of 21,542 transcripts. The data obtained
from the microarray was associated with maps of the bioinformatics platform KEGG (Kyoto
encyclopedia of genes and genomes) to Cricetulus griseus (CGE) and Mus musculus (MMU), and
significant expression was assessed by PLS (Partial Least square). With genes exhibiting significant
expression, graph design was made, which gives us information about the behavior of
metabolism, centrality of metabolic pathways, possible checkpoints, among others.
Through graph designs, made for the evaluated conditions, it was possible to observe
the connectivity of metabolic pathways within each network, giving an indication of the
importance of each route in the general network. The network performed for NaBu condition, has
greater interaction of metabolic pathways compared to the other two conditions. The route that
has greater connectivity corresponds to the MAPK signaling pathway, which is highly conserved
and is involved in the modulation of various cellular functions, including cell proliferation, which
could be related to the observed effect on cell growth by adding NaBu. Furthermore, the
temperature network was less complex, i.e. fewer routes involved, but with greater connectivity
between them. Among them are the p53, VEGF, TGF‐B and MAPK signaling pathways. Which are
mostly involved in cell proliferation and cell cycle control through cell arrest or apoptosis
induction. Finally, the network derived from μ is the least complex, involving fewer routes; and
the routes that have greater connectivity in the network correspond to the TGF‐β signaling
pathway and metabolism of cysteine and methionine. A comparative analysis between the three
networks shows a 50% similarity between the networks resulting from NaBu and mild
hypothermia, while 30% similarity occurs between μ networks and hypothermia, as well as μ and
Nabu.
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P16 ‐ CHO ON A DETOX: REMOVING BY‐PRODUCT FORMATION THROUGH CELL
ENGINEERING
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Chinese Hamster Ovary (CHO) cells are the preferred hosts for the production of
therapeutic glycoproteins. However, there is a need for improvement of the bioprocesses towards
increased cell growth and higher productivities without compromising the product quality. Efforts
to obtain tailor‐made products with the desired properties that meet the requirements of
regulatory authorities are continuously being made. Of equal relevance is to develop methods to
engineer cell lines with improved by‐product metabolism.
CHO cells are not efficient at converting substrate into product or biomass. At the
moment, up to 50% of the carbon fed to the cells is wasted in toxic non‐productive by‐products,
like lactate and ammonium that accumulate throughout the culture time in mammalian cells, that
reduce the potential cell growth rate and protein productivity.
As genome sequences of CHO cell lines and draft genome of Cricetulus griseus (Chinese Hamster),
alongside genome editing tools like CRISPR/Cas9 are recently available, an “omics” approach for
studying the CHO metabolism is now possible. This allows for reengineering cell lines towards a
more efficient metabolism and higher cell densities.
The methodology includes reviewing the literature in search of potential targets
affecting cell growth and productivity, using CRISPR/Cas9 for genome engineering to knock‐out
and/or knock‐in target genes in order to produce cell lines with improved phenotypes. In addition,
for assessment of the genome engineering, DNA‐seq, RNA‐seq and proteomics are also used.
Moreover, the phenotypes of the different clones are characterized in batch and bioreactor
cultivations.
The effects of genome engineering of candidate genes are being assessed alongside data
on specific rates for uptake and formation of nutrients, metabolites and by‐products. Based on
these, enhanced CHO cell lines potentially producing reduced amounts of by‐products will
confirm the success of the cell line engineering strategy.

67

P17 ‐ CRISPR‐BASED TARGETED EPIGENETIC EDITING IN CHO CELLS
Nicolas Marx1, 2,Inmaculada Hernández2, Vaibhav Jadhav1, Colin Clarke3, Nicole Borth1, 2
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2) Department of Biotechnology, BOKU University of Natural Resources and Life Sciences Vienna,
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3) National Institute for Bioprocessing Research & Training, Dublin, Ireland.
The comprehension of cell functions is the basis for successful cell line engineering in
CHO cells amongst other production hosts. Different fields of research play very important roles
to identify and overcome bottlenecks in order to generate cells with suitable growth, productivity,
and product quality features. Extensive knowledge has been gathered by applying and generating
genome, proteome, transcriptome, and reactome techniques and data towards a holistic
understanding of the cell’s regulatory network. However, these data are far from universally
explanatory.
The epigenome, i.e. a genetic signature that contribute to modulation of gene
expression, has not yet been included in the –omics approaches towards engineering cell
factories. This is either due to the lack of knowledge within this field or immature technology.
Interestingly, DNA methylation has been reported to result in a loss of productivity in CHO cells.
Additionally, a genome‐wide study in CHO cells showed that the effect of DNA methylation is site‐
specific and dependent on the gene element. Traditionally, epigenetic control was executed by
exposing cells to small inhibitor or enhancer molecules which could prevent or promote the
beforehand mentioned effects. These approaches are feasible when inducing genome wide
epigenetic signature changes is desired, but inappropriate when the epigenetic effects on single
loci or a targeted approach for multiple loci should be investigated. Due to recent breakthroughs
within the CHO field, e.g. genome‐sequencing and application of genome editing tools, a new and
more elegant way to study epigenetic effects on CHO performance parameters and the control of
the very effects seems possible. Thus, the investigation of these effects and the possibility to
control these events is of high interest for both academia and industrial organizations.
The present study aims to explore epigenetic targets from genome wide methylation
and CHIP‐seq data and to implement CRISPR‐based epigenetic tools to target genomic loci and
inducing site‐specific epigenetic events. As proof of concept, the current design targets a GFP cell
line as a reporter for gene expression modulation. This epigenetic tool set would allow to build a
new layer of cell control next to the existing techniques (e.g. genome engineering) and may even
allow for a more sensitive investigation of gene functions by induction and repression of genes
without changing the DNA sequence.
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P18 ‐ EXPLORING THE ABILITY OF MIRNA TO ACT AS ENDOGENOUS TRANSGENE
EXPRESSION MODULATORS IN CHO CELLS.
Ricardo Valdés‐Bango Curell1, Nicole Borth2, Niall Barron1
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Vienna, Austria.
State‐of‐the‐art technologies, such as the recent genome editing tools as CRISPR,
allow to integrate transgenes at specific loci in the CHO genome and obtain stable high
levels of expression of a protein of interest in CHO cells. This approach is useful for the
introduction of product genes and obtain high levels protein production, but has obvious
limitations when considering the engineering of complex metabolic pathways, which
would potentially require specific fine tuning of expression levels and specific expression
profiles, synchronized with cellular metabolic activity or specific culture stages. Current
methods for controlled gene expression CHO cells include a few inducible
promoters/transcription factors, most of which require the addition of chemicals to the
culture medium to switch ON/OFF gene expression (e.g. TET‐Promoter‐responsive
elements). MicroRNAs (miRNAs) play an important role in the regulation of gene
expression at a post‐transcriptional level. Their main mechanism of action implies binding
to the UTRs of their target mRNA molecules and down‐regulate gene expression by
inhibiting translation. The ability of these molecules to regulate complex gene networks
has made them very interesting targets for cell engineering and can potentially be used as
an endogenous trigger for controlled gene expression.
In this study, we investigate the possibility to link the expression of a transgene to
the expression of endogenous CHO miRNAs, which show specific expression profiles
during the course of a standard batch culture. miRNA targets were identified from
different datasets as being expressed following different profiles, correlated with specific
culture parameters such as growth, metabolites consumption/production or culture
stage. Synthetic genetic constructs containing miRNA‐responsive elements were designed
and tested in different cell lines. Correlations between culture parameters, reporter
transgene expression at the protein and mRNA levels and miRNA expression profiles were
investigated to establish a baseline for the development of future applications.
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P19 ‐ GENOME ENGINEERING AND ITS APPLICATION IN CHO CELL LINE DEVELOPMENT
Valerie Schmieder1,2, Vaibhav Jadhav2, Helene Faustrup Kildegaard 3, Nicole Borth1
1) Department of Biotechnology, BOKU University of Natural Resources and Life Sciences Vienna,
Austria
2) Austrian Center for Industrial Biotechnology, Vienna, Austria
3) The Novo Nordisk Foundation Center for Biosustainability, Technical University of Denmark,
Copenhagen, Denmark
Nowadays, around 70% of all industrially produced biopharmaceuticals are generated
from CHO cells showing the high interest for further development and optimization of this cell line
and its derivates. The availability of the CHO K1 genome and the presence of genome‐editing
tools like CRISPR/Cas9 enable specific gene modification. Although, this method is accessible and
established, further improvements should be carried out to increase the capabilities of this tool
for cell line engineering.
Currently, the focus of CRISPR/Cas9 applications for genome editing is to target protein
coding genes to inactivate the corresponding gene function. So far, the link between genome
structure and function has not been explored in the context of genome engineering. To
investigate the correlation, we hypothesize that the use of paired sgRNAs targeting larger
genomic regions can be applied in combination with Cas9 to delete parts of the genome. This
approach permits not only the generation of gene knockouts but also offers the possibility for the
characterization of non‐coding genomic regions, gene clusters or the identification of regulatory
elements. Therefore, bicistronic transcribed sgRNAs would be the more elegant way to achieve
genomic deletions than using multiple sgRNA‐carrying plasmids and further potential applications
for multiplex genome editing. Unfortunately, the CRISPR/Cas9 system tends to have moderate
off‐target activity in cells as well as organisms. To overcome this problem, the recently identified
Cas endonuclease Cpf1 can function as an alternative.
The current study focuses on the development of a bicistronic transcribed sgRNAs
CRISPR/Cas9‐based tool for genome editing in a CHO cell line. Initially, the experiments for proof
of principle showed that up to 60 kb genomic regions can be deleted efficiently. Additionally, we
have characterized the Cpf1‐based genome engineering system in comparison to the commonly
used Cas9 tool in CHO cells, resulting in high Cpf1 activity and no cross‐interference between the
two systems. This may allow to target AT‐rich genomic regions with the Cpf1 nuclease or even the
combined use of both systems in CHO cells. These novel approaches can open up a multitude of
possibilities for genome engineering and would allow a deeper understanding of the genome
structure and its role in phenotypic control.
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P20 ‐ GFP ASSOCIATED CRISPR/CAS9 FOR FLUORESCENCE‐ACTIVATED CELL SORTING OF

DROSOPHILA S2 CELLS FOR IMPROVED GLYCOSYLATION
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The use of stably producing Drosophila S2 insect cell lines is an emerging technology.
Currently, there are two malaria vaccines moving into clinical trials. In both cases it was possible
to increase the yield 10 fold by cloning the cell lines. Until now this has been done by limited
dilution cloning due to the lack of studies regarding alternative cloning methods for S2 cells. In
this study fluorescence‐activated cell sorting (FACS) is applied to S2 cells to improve cloning and
provide a more efficient method for creating monoclonal cell lines.
The use of insect cell lines for production of therapeutics is limited by their
glycosylation. Simple nonhuman paucimannosidic N‐glycans are the main glycoforms present in
S2 cells. This is caused by β‐N‐acetylglucosaminidase (Fdl) which trims terminal N‐
acetylglucosamine preventing further elongation. To overcome this obstacle a GFP associated
CRISPR/Cas9 was created targeting Fdl. The transfected cells were sorted to select for GFP‐
possitive cells by the previously obtained protocol.
The cells were sorted on FACSJazz cell sorter (BD, Biosciences) gated for GFP‐positive
cells with wildtype S2 cells as negative control. S2 cells are sensitive to shear stress thus Pluronic
F‐68 (PF68) was added to reduce the shear forces during sorting.
To sort the CRISPR/Cas9 transfected cell line a Cas9‐T2A‐GFP vector was created, which also
included a Fdl targeting sequence under the U6 promoter. Sorting was employed to obtain five
monoclonal ΔFdl cell lines. The obtained cell lines were sequenced to confirm deletion of Fdl.
Furthermore, the glycosylation profile was investigated by LC‐MS.
The successful use of FACS on S2 cells was demonstrated in this study. The survival rate
was improved from 0% to 7.3%, and it was determined that the addition of Pluronic F‐68 is vital to
the sorting of S2 cells.
The obtained ΔFdl cell lines had comparable growth compared to wildtype S2 cells, and
no pleotropic effects were observed. Sequencing of the ΔFdl cell lines showed gene disruption at
the target and thus confirmed that the GFP associated CRISPR/Cas9 system was performing as
expected.
The glycosylation profile obtained by LC‐MS clearly showed a pronounced difference between the
wildtype S2 and the ΔFdl cell line. The wildtype primarily had paucimannose glycosylation, while
the ΔFdl cell line showed a more complex glycosylation profile. This again confirms the disruption
of the gene.
GFP associated CRISPR/Cas9 sorted by FACS showed to be a great tool for cell line
improvement in S2 cells. This method could have broad applications for further cell line
development, as well as for yield improvement through efficient cloning.
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P21 ‐ TRENDS AND APPROACHES IN N‐GLYCOSYLATION ENGINEERING OF RECOMBINANT
PROTEINS IN CHINESE HAMSTER OVARY CELL CULTURE
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Chinese hamster ovary (CHO) cells have become the preferred expression system for the
production of complex recombinant glycoproteins. It has been historically successful in industrial
scale‐up application and in generating human‐like protein glycosylation. N‐glycosylation of
recombinant proteins, in particular, of those as drug substances, is extremely concerned in drug
development and approval, as it will largely affect their stability, efficacy, clearance rate and
immunogenicity. Therefore to engineering N‐glycosylation of CHO cell‐derived recombinant
proteins are extremely important. Here, we will summarize a group of recent strategies and
approaches for N‐glycosylation engineering in CHO cells and show several examples of relevant
study cases from our research: 1) media and feed design, 2) culture process optimization, 3)
substrate addition, 4) knockout or overexpress genes, 5) omics‐based characterization, 6)
mathematical modelling.
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PATTERNS OF RECOMBINANT PROTEINS GENERATED IN CHO CELLS
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Increasing the performance of Chinese Hamster Ovary (CHO) cells for the production of
complex therapeutic proteins has been an ongoing process ever since the cell line was established
for a large number of blockbuster products. Among other factors the ability to generate proteins
with human‐like N‐glycosylation has assured their position as major production system.
Nevertheless, the resulting glycan patterns are often heterogeneous, their processing is
considerably affected by bioprocess conditions and clonal variation and is difficult to control.
Therefore one main objective in cell line optimization is to engineer CHO cells which stably
produce defined N‐glycan profiles. So far cell lines with a significantly increased degree of
terminal sialylation, as well as cell lines for the production of afucosylated proteins have been
generated.
The regulation of N‐glycan maturation is multilayered, the influencing factors are diverse
and there is only limited insight into the underlying processes. To a great extent the variety of
resulting N‐glycan structures is determined by differences in the availability and accessibility of
precursor molecules and potentially of glycosyltranferases resident in the Golgi. Transcriptomic
data sets have revealed the theoretical capacity for N‐glycan maturation in CHO cells, but the
roles of the individual isoforms of Golgi glycosyltransferases have not been fully elucidated.
Previous work has aimed to identify the key‐players in the N‐glycosylation cascade, but the results
obtained are not fully consistent and the collected information is restricted to few model
proteins.
The challenge to render the process of N‐Glycosylation more stable and to reduce
heterogeneity without lowering the degree of complexity of the mature N‐glycan structures
remains. In this project work is focused on understanding the contributions of the individual
isoforms by generating a panel of multiple knock‐out cell lines. The resulting changes in N‐
glycosylation will be assessed with several, transiently produced model proteins, in order to
investigate the impact of glycoprotein structure and AA‐sequence on N‐glycosylation. Based on
these results, potential engineering targets for further improvement will be identified.
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P23 ‐ MODELING OF FOULING BEHAVIOR OF HOLLOW FIBER MEMBRANES IN ATF AND TFF
CELL SEPARATION DEVICES FOR MAMMALIAN CELL PERFUSION CULTURE
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Perfusion culture is receiving interest due to its advantage of high cell density and high
productivity in small‐scale bioreactor. Continuous medium is fed and a good separation device is
used to retain cells in the bioreactor. In this study, a wave bioreactor by utilizing external hollow
fiber filter as a cell retention device, are used in mammalian cell perfusion process. The
relationship between trans‐membrane pressure (TMP) and permeate flux of tangential flow
filtration (TFF) and alternating tangential flow system (ATF) are studied and compared at constant
flow flux. We investigate systematically the resistance of the membrane, which is affected
significantly by membrane fouling and rheology of cell suspension, for both tangential flow
filtration (TFF) and alternating tangential flow system (ATF). We confirmed that alternating
tangential flow (ATF) filtration minimizes fouling due to the reverse flow in each cycle and less
shear stress is created. Furthermore, a CFD (computational fluid dynamics) simulation of single
cell behavior in fiber lumen was performed to compare cell deposits and shear stress in ATF and
TFF system.
Keywords: Perfusion cell culture; tangential flow filtration (TFF); alternating tangential flow
filtration (ATF); computational fluid dynamics (CFD)
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P24 ‐ INTRACELLULAR METABOLIC POOL DYNAMICS: A PLATFORM TECHNOLOGY,
SWITCHING FROM ADHERENT TO SUSPENSION CELLS
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Since the beginning of the use of animal cells as a production system in the
pharmaceutical industry, the cellular metabolic state is of significant interest both for media
development and process optimization. The analysis of intracellular metabolic pools and their
dynamics gives a direct insight in the cellular physiology, which supports the identification of
possible media limitations and metabolic bottle necks regarding cell growth and product
formation. Additionally, direct limitation experiments help to analyze dynamic relations in
metabolic networks, and bring us one step further to fully understand the control of cellular
metabolism. In our work group, we mainly focus on the central carbon metabolism, specifically
the glycolysis and the TCA‐cycle, which includes the majority of metabolic reactions involved in
energy production and precursor formation. So far, most of the insights in the metabolic network
were obtained from experiments using adherent MDCK cells. Due to the predominant use of
suspension cell lines both in academia and industry, a robust method is being established for
intracellular metabolomics of suspension cells. For this we compared different methods for cell
quenching / cell separation to identify a universal method for metabolic profiling of animal
suspension cells.
The growth and metabolism of adherent MDCK cells was monitored over a normal
cultivation period of seven days. During the exponential growth phase (44 h), cultivation media
(GMEM‐Z) was replaced by a glucose‐free limitation medium and the dynamic of the intracellular
metabolic pools was monitored over a time period of 30 min with a sampling interval between 0.5
min and 5 min. To evaluate different quenching protocols, samples were taken from five animal
suspension cell lines, (MDCK, AGE1.CR.pIX, HEK293, CHO‐S and BHK‐21) in mid exponential phase.
Three quenching protocols were chosen to identify a universal method for suspension cell lines.
Cells were either separated from the media by centrifugation or filtration with a subsequent
quenching step or cells were quenched as a cell suspension in a ‐40°C methanol solution followed
by a centrifugal separation step. Extracted intracellular metabolites were quantified by LC‐MS to
evaluate the quenching efficiency and metabolite recovery.
Glucose limitation led to an almost immediate change in many intracellular metabolic
pools of the glycolysis and TCA‐cycle. Especially metabolites of the upper glycolysis were almost
completely depleted, whereas metabolites in lower glycolysis and TCA‐cycle either recovered or
increased after limitation. This data clearly shows the need of a very fast quenching method to
capture a realistic metabolic profile of a cell. Evaluating the different quenching methods for the
suspension cells, it was clear that separation by filtration was not applicable as a universal
method for all cell lines. Especially cells sensitive to physical stress showed a reduced overall
recovery of metabolites and a relatively low energy charge. Cell separation by centrifugation
seemed to be the most reliable cell separation method for fragile cell types. In addition to the
method assessment, this survey gives a first clue into differences in the metabolism of various
suspension cell lines relevant in vaccine manufacturing and antibody production.
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Amino acids are a diverse set of molecules, illustrated by their varied structural and
physico‐chemical properties. They are also basic units of proteins and occupy central metabolic
roles, and are therefore important to cell culture. Amino acids are supplied to cultured cells along
with other nutrients including carbohydrates, salts, lipids, and vitamins which together constitute
the extra cellular environment. This extracellular environment is poorly understood, but is known
to impact cell. This includes the interactions of amino acids with each other and with other
components of the extracellular milieu.
The alteration of the solubility of amino acids by salts has been well characterized
whereas the interaction of amino acids in aqueous solution is incompletely understood.
Furthermore, these solutions have been analyzed until now as binary aqueous solutions. Although
the information generated in these studies are useful, it cannot always be adapted to systems of
higher complexity as often present in biologically relevant conditions. Here, the effect of amino
acids on each other solubility in multi‐component systems is analyzed using statistical
thermodynamics to model experimental data. Through the calculation of the Helmholtz free
energy, solution parameters of mixtures of amino acids with diverse side chains such as glycine, L‐
arginine, L‐aspartic acid, L‐leucine, and L‐serine can be modeled. This system can also be used for
mixtures of higher complexity. With an aim to better understand the interactions that take place
in these systems on a molecular level, molecular dynamics was used. Calculation of the radial
distribution function of molecules in these systems helped identify the mediators of change in
these systems further backed up by other modeling data. Since all of this holds true for systems in
equilibrium, the impact of these phenomena were tested in a dynamic system. Using partial lest
squares multivariate statistics, the kinetic influence of amino acids on each other were tested.
The understanding of these interactions becomes increasingly important in the
development of chemically defined cell culture media and supplements, metabolic analysis, and
process optimization. A better understanding of the phyco‐chemical properties at play in these
complex mixtures would lead to highly concentrated, stable formulations which would result in
reduced volumes downstream. Insight into these interactions would also provide rational to the
regulation of metabolic processes, biological reaction equlibria, and interactions of cells with their
environment.
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P26 ‐ SIMULATING THE EFFECT OF LARGE SCALE BIOREACTOR HETEROGENEITIES ON CELL
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In recent years, there has been a growing interest in studying the effects of
heterogeneities that are present in large‐scale cell culture bioreactors. Scaling up from small‐scale
reactors in the laboratory to large‐scale production bioreactors comes with many significant
challenges and issues. One of the main issues is that as scale increases so does the mixing time,
which will make heterogeneities within large‐scale vessels more likely. Considerable work has
been done on simulating these heterogeneities with small‐scale stirred tank reactor (STR)
compartmental systems and assessing the effects on microbial fermentations. However, similar
work on animal cell culture is sparse. Assessing the effect of large scale bioreactor heterogeneities
on the overall performance of a particular microbial or cell culture fermentation is extremely
complex and requires a number of modelling approaches (Henson, 2003). In the literature,
computational fluid dynamics (CFD) models have been used to simulate fluid flow and
heterogeneity in larger scale bioreactors to establish the extent of the fluctuations in process
conditions and the duration that cells spend in these conditions. Population balance (PB) models
can be used to relate the performance of individual cell sub‐populations, under the different
fluctuating conditions, to predict the overall (average) performance of the cell line at production
scale. PB models are beginning to be applied to the simulation of microbial population
heterogeneity in large scale fermentation (Morchain et al, 2012), however, to date, this has not
been well addressed for mammalian cell culture. This is due to difficulties in collecting adequate
experimental data on the performance of different cell sub‐populations under the varying
(heterogeneous) growth conditions encountered in large scale bioreactors.
This project aims to establish a combined experimental and modelling approach to
simulate overall cell growth and antibody formation kinetics in the heterogeneous environment
found in production scale bioreactors. It will exploit the environmental control capability of small‐
scale bioreactor systems (Micro24 and Ambr15) to experimentally simulate the effect of large
scale heterogeneities on the performance of sub‐populations of CHO cell lines. The data
generated with these miniature bioreactors will then feed into the above‐mentioned population
balance model.
Initial experimental work has focused on establishing a methodology on the Micro24
system (PALL) which will enable the precise control and manipulation of process conditions such
as pH, dissolved oxygen tension (DOT), substrate concentration, dissolved carbon dioxide (dCO2).
Kinetic models will be developed for these fluctuating conditions and performance metrics such
as product expression, growth kinetics and metabolite concentrations, focusing on lactate, will be
used to assess the effects of these process variables. If successful this work could form the basis
for a new cell line screening strategy which would enable better selection of cell lines that
perform well at large‐scale. With additional work looking into potential markers that indicate cell
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lines’ susceptibility to negative effects from heterogeneities, this could also enable the selection
of specific lines that may be resistant to heterogeneity.
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With the advance of complex biological formats such as bispecific antibodies or fusion
proteins, mammalian expression systems often show low performance with cell lines displaying
inferior product titers, low specific productivity or insufficient product quality. Described
determining factors may be accumulation or haltering of heterologous proteins within the
different cellular compartments and thereby disturbing transport or secretion. Furthermore, non‐
optimized heterologous protein formats might already be degraded intracellularly by the ubiquitin
proteasome system or the unfolded protein response machinery. As a consequence, there is an
urgent need to overcome any rate limiting step, which might represent a bottleneck for final
secretion of proteins into the culture media ‐ especially in the context of novel emerging protein
formats. Therefore, the description of production and transport routes of complex biologics
within Chinese hamster ovary (CHO) host cell systems is the primary aim of the current study
which will finally lead to the identification of repressive or saturated organelle structures
hampering efficient protein processing.
A set of recombinant CHO cell lines either producing a classical easy‐to‐express
monoclonal antibody (mAB) or more complex biological formats will be used for organelle staining
and co‐localization of the produced recombinant protein analyzed by confocal microscopy to
describe distribution/accumulation within the distinct cellular compartments. Organelles include
the nucleus, endoplasmic reticulum, the (cis and trans) golgi apparatus, mitochondria, transport
vesicles and plasma membrane. Identified bottlenecks in organelle performance like efficient
transport, folding or export will be analyzed in more detail by differential transcriptome analysis
eventually enabling the inhibition of detrimental signaling pathways or enhancement of
complementary pathways in order to engineer CHO host cell lines with improved production
characteristics.
We have established a staining protocol that enables us to trace a recombinantly
expressed protein from its origination to its release traveling through cellular compartments of
CHO production cell lines. Currently, appropriate organelle marker proteins are screened to
precisely discriminate the distinct organelles the recombinant protein travels through during its
maturation. Subsequently, a set of recombinant CHO cell lines producing more complex biological
formats such as (bi‐specific) antibody fragments or fusion proteins will be analyzed for
distribution/accumulation within the described cellular compartments. This will enable
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description of the maturation and transport route of complex biologics during production and
finally lead to the identification of repressive or saturated organelle structures hampering
efficient protein production in the CHO host cell system. Consequently, cellular engineering
approaches can be applied to target the molecular network that regulates relevant processes with
the goal to establish superior cell systems with improved properties as a basis for a more robust
cell line development process.

80
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Chinese hamster ovary (CHO) cells are used as the primary mammalian cell culture in
biotechnology for the production of mammalian recombinant proteins. This is because of their
demonstrated safety, robustness, scalability and potential for qP via gene amplification. Being
integral in the competitive biopharmaceutical market, CHO cell lines are under heavy incentive
to be improved to increase yield and lower production costs (Kim, Kim, & Lee, 2012). With the
advent of the CHO genome research groups have been trying to apply high‐throughput omics
methods to understand the complicated multi‐level biological processes underlying recombinant
protein production (Kildegaard, Baycin‐Hizal, Lewis, & Betenbaugh, 2013). One of these methods
is silencing RNA (siRNA) screening, which involves reducing the expression a pool of selected
genes individually to investigate which genes and pathways are involved in the bioprocess of
interest. These techniques have been applied on a whole genome level for HEK cells (Xiao et al.,
2016), however an extensive and native siRNA screen in CHO has never been done, due to the
absence of commercial CHO siRNA libraries. Recently, this barrier has been circumvented with
the recent arrival of enzymatic siRNA library synthesis methods. Herein the design of a 1000
gene siRNA screen for investigating recombinant protein yield in CHO cells based on
transcriptomic targets identified from CHO literature is reported where readout is given by a
split‐GFP monoclonal antibody plasmid. Selection of targets was based on a literature mining
approach, selecting the 500 most frequent genes while the rest were selected from pathways
that were most enriched in the entire target pool.
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The Chinese hamster ovary (CHO) cell line is one of the most widely used mammalian
expression system for the production of therapeutic proteins. Today, strong viral promoters such
as the cytomegalovirus (CMV) major immediate early promoter or the Simian virus 40 (SV40)
immediate early promoter are commonly used for driving transcription. Despite high expression
levels, several drawbacks related to viral promoters still remain, like the high rate of transgene
silencing. These undesired effects might be avoided by using CHO endogenous gene regulatory
elements, which also have the advantage of better response to cellular signaling networks and
thus cause a lower level of stress by uncontrolled overexpression of the transgene. In addition,
while for recombinant protein production a uniformly high level of transcription may be of
interest, for systems biology engineering approaches it may be more important to be able to
control multiple genes at various, balanced and coordinated rates of expression to ensure the
smooth operation of networks. Thus, the goal of this project is the identification and annotation
of CHO endogenous promoters and their genetic control elements which enable precise control of
recombinant gene expression. Using bioinformatics tools, a list of potential promoter candidates
was created based on histone acetylation (H3K27ac) pattern and RNA expression level data
generated in previous ChIP‐seq and RNA‐seq experiments. These putative promoter candidates
are inserted in a reporter vector and transfected into CHO cells for testing promoter activity via
dual luciferase assays. After activity testing of the first 10 promoter candidates, the strongest
promoter was found to have around 44% promoter activity when compared to the SV40
enhancer/promoter. Next steps will be to test further promoter candidates and to identify other
regulatory elements, such as enhancers, for more detailed control of regulatory circuits.
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P30 ‐ CHO MITOCHONDRIA ‐ A POSSIBLE TARGET FOR ENGINEERING?
Heena Dhiman1,2, Matthias P. Gerstl2, Heinz Himmelbauer1, Nicole Borth1,2,#
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Chinese hamster ovary cells are known to be the preferred host expression system for
the production of bio‐therapeutics owing to their manufacturing adaptability. However, they also
suffer from inherent genomic instability due to modifications at genomic and epigenetic levels.
The mitochondrial genome specifically undergoes frequent mutational changes and since it plays
a critical role in a variety of metabolic processes, the functional consequences of these
mitochondrial mutations require detailed analysis.
In this study, we focus on mitochondrial genome diversity within six CHO cell‐lines from
the same lineage, but different phenotypes, culture conditions and time in culture. With the
hamster genome as reference, the parental cell‐line both loses and gains some variations during
adaptation to growth in suspension. More variants also appear when the cell‐line adapts to
glutamine free media. Over time in culture (3 and 6 months, respectively), the number of variants
also increases in both cases studied. A decrease in variant count was noticed on sub‐cloning a cell‐
line sorted for high productivity. Several tRNAs were also found to be affected by these variants
leading to altered folding patterns.
Additionally, the contribution of differentially methylated CpG‐sites across the
mitochondrial genome in these cell‐lines was explored. Several sites were found to be
differentially methylated with co‐occurring sequence variations which might influence phenotypic
changes of CHO cells by altering gene expression patterns of these genes. More detailed
evaluation of the potential functional consequences of genes enriched with these modifications in
the context of energy generation in mitochondria could help to improve future production cell‐
lines.
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Antoine Allegret1, Stéphanie Spirkel, Eric Drevetin, Zahia Hannas, Céline Le Meter, Hervé Laforet,
Noël Detraz
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Merial is one of the first animal health companies in the world. It endeavors to answer
the market needs while reducing its Costs of Goods to stay competitive. To answer these
challenges, Merial is taking a strong interest in new single use technologies. One of them is the
packed bed bioreactor, a technology that could represent a good alternative for roller bottles for
the production of vaccines on adherent cells.
Different biotechnological suppliers are developing packed bed bioreactors, however just a few of
them have developed large scale systems. We decided to do some evaluations on one specific
packed bed system, the iCELLis® by PALL Life Science, using different cells and viruses.
Packed bed bioreactors have many advantages:
‐
Closed systems = less manipulations than roller bottles, no open phases, fewer needs in area
classification, possibilities of multiple production in the same lab, reduce risks of contaminations
‐
Culture parameters monitoring = better control of the process parameters (pH, D.O., CO2,
temperature…), optimization of the processes
‐
Increase of the capacities = produce the equivalent of thousands of roller bottles in less
space and time
Different tests have been performed at laboratory scale with various modalities to
assess the possibility to adapt current production processes to this new technology and to identify
the key parameters and the main triggers for an industrial application.
We did some costs evaluations to study the financial impacts of that type of technology in the
current production environments. The technical and financial evaluations showed good prospects
for the use of packed bed systems.
These new technological solutions are still facing many challenges to be fully implemented but are
very encouraging to be a good alternative for the production of some vaccines on adherent cells
in the future.
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Merial is a world leader in animal healthcare. In order to answer growing market needs,
Merial wants to increase its production capacity and reduce costs while accelerating
implementation in manufacturing. With a vision of the future, Merial is evaluating the opportunity
to implement modular facilities and disposables solutions for vaccine production.
The aim is to simplify the facility design by reducing plant validation (no cleaning in
place, or sterilization in place procedures), and also to reduce contamination and biosafety risks.
Among disposable vessel solutions, there is single‐use bioreactor (SUB). The key advantage is that
they allow fast implementation and they are easy to use (“plug and play”). There are many
suppliers of single‐use bioreactors with different specifications (volume, number and shape of the
stirrer, baffle…).
Merial tested a Mobius® disposable bioreactor from Merck Millipore in comparison to
our conventional stainless steel bioreactors. Our study was designed to assess cell growth & viral
productivity, using suspension cell culture for the first trial and adherent cell line on microcarriers
for the second one. We achieved comparable performance for both technologies (SUB & Stainless
steel stirred tank reactors) with suspension cultures, however, we faced some challenges with
adherent cell culture on microcarriers using single use bioreactors.
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In cell culture‐based production of viral vaccines, fed‐batch and perfusion strategies [1]
can be applied during the virus propagation phase to develop high‐yield processes. The
application of such strategies has already been demonstrated regarding the improvement of virus
cell‐specific yields and volumetric productivities in high‐cell‐densities (HCD) at small scale. In this
study, the production of the modified vaccinia Ankara (MVA) virus isolate MVA‐CR19 and
influenza virus A/PR/8/34 (H1N1) in bioreactor HCD‐cultivations (0.6 L) of the suspension cell line
AGE1.CR.pIX (ProBioGen AG, Berlin), applying a combined fed‐batch/perfusion strategy is
presented. Additionally, given the crucial importance of on‐line monitoring in process
intensification through HCD, the suitability of dielectric spectroscopy for the characterization of
virus propagation phase was evaluated.
Cell cultures up to 30×106 cells/mL were achieved in 0.6 L (working volume) bioreactors
using an alternated tangential flow (ATF2) perfusion system. Shortly before infection, the cell
suspension was concentrated two‐fold by reducing the volume to 0.3 L. Then, 0.3 L, i.e. one
reactor volume (RV), were continuously withdrawn and replaced with fresh medium at a flow rate
of 5 mL/min. Later MVA‐CR19 and influenza virus were added at a multiplicity of infection (moi) of
0.05 and 0.001 virions/cell, respectively. After a 12 h phase of virus propagation in batch, a fed‐
batch phase was performed by adding 0.3 L of fresh medium at 12 and 24 h post‐infection,
followed by a perfusion phase at a constant rate of 1 RV/day from 36 to 120 h post‐infection. On‐
line permittivity (ε) and frequency (fc) values were monitored using an Incyte probe (Hamilton) to
estimate viable cell densities (VCD) and to identify changes in cell membrane capacitance (Cm).
The application of a combined fed‐batch/perfusion strategy led to maximum virus titers
10
of 1×10 infectious units (IU)/mL and 3.21 log (HAU/100µL) for MVA‐CR19 and influenza A virus,
respectively. In accordance to the higher concentrations of infected cells, these results
represented a >10‐fold increase in maximum virus titers compared to batch processes infected at
conventional cell densities (CCD) of 2‐4×106 cells/mL [2]. Compared to CCD, similar cell‐specific
yields (virions/cell) and volumetric productivities (virions/L×d) were obtained. On‐line and off‐line
cell density measurements correlated up to late infection time points (72 hpi). Also, changes in fc
and Cm values during virus propagation seemed to correlate with the viral infection dynamics.
Especially for MVA‐CR19 virus production, three distinctive phases were identified during virus
propagation that reflected significant increases in Cm according to the increase of the number of
infected and/or death cells.
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Compared to conventional batch processes, the developed HCD processes offered
significantly higher virus yields. The use of dielectric spectroscopy is an option for process
monitoring, especially during MVA‐CR19 virus propagation. Overall, the results show that there is
a great potential for development of high‐yield HCD processes for the production of viral vaccines
at large scales.
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Human embryonic kidney 293 (HEK293) cells have been extensively used for the
production of viral vectors such as adenoviruses (AdV), Adeno‐associated virus (AAV), retroviruses
and lentiviruses. It is also a cell line of choice for the production of viruses such as influenza and
vesicular stomatitis virus (VSV). Moreover, HEK293 cells are easy to transfect with high
transfection efficiency. Therefore, a HEK293 clone named 293SF‐3F6 was adapted to grow in
suspension in serum‐free media by our institute, was fully characterized and banked under GMP
conditions. By optimizing growth conditions, cell densities as high as 20E06 cells/ml have been
reached in fed‐batch cultures. We present how the production of three representative viruses and
influenza virus‐like particles (VLPs) was improved using different feeding strategies and operating
modes in small scale and large scale bioreactors.
293SF‐3F6 cells were cultured in commercially available serum free media (HyClone
SFM4Transfx‐293) as well as in a serum‐free and animal component free media developed in
house (IHM‐03). Stable cell lines producing influenza VLPs were generated and selected. Lentiviral
vectors were transfected using polyethylenimine (PEI) as a transfecting reagent, and production
was monitored under perfusion mode in a 3L bioreactor. Using a fed‐batch process, specific virus
productivity and the yield of an adenovirus type 5 was optimized after infection at an MOI of 10.
Finally, 293SF‐3F6 cells were transfected with different serotypes of AAV in shake flasks and the
process was optimized for scaling‐up in a 3L bioreactors.
The production of three viral vectors was examined under different operating modes at
small and large scale in 293SF‐3F6 cells. By optimizing the process in a perfusion system, the yield
of a lentiviral vector was improved 150‐fold in a 3L bioreactor. AdV yield was increased 8‐fold
using a fed‐batch process through infection at high cell densities. The yield of different serotypes
of AAV was improved by optimizing the media and additives in shake flasks; the process was
streamlined to perform all the subsequent steps in‐situ in a 3L bioreactor. Finally, using a cumate‐
switch, different influenza VLP clones were generated and scalability was demonstrated in a 3L
bioreactor.
Overall, these results demonstrate that HEK293 suspension cells constitute an efficient
production platform for viral vectors and viruses.
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The aim of this collaboration project is the production of a Brazilian zika virus strain
(ZIKV ES) in BHK‐21 suspension cells growing in perfusion bioreactors. Many recent studies have
focused on the development of flavivirus vaccines and mainly relied on adherent cell cultures.
Surface‐dependent production processes, however, are difficult regarding scale‐up into large‐
scale processes. Previous investigations identified BHK‐21 suspension cells (BHK‐MPI) as an
excellent producer cell line for the genus‐related yellow fever virus. The transfer of this
technology towards ZIKV production is running since March 2016 in close collaboration with the
laboratory of Virology at the Universidade Federal do Rio de Janeiro (UFRJ) in Brazil. This work
focuses on improving our understanding of the replication of ZIKV in animal cell culture, i.e. to
optimize infection protocols in BHK‐21 suspension cells and to transfer the process into 1 L
perfusion bioreactors using alternating tangential flow (ATF) systems.
As a starting point the infection dynamics of ZIKV ES is studied in adherent BHK‐21 and
Vero cells, as well as in BHK‐21 suspension cells (MOI, cell density, temperature), growing in T‐
flasks or 50 mL spin‐tubes. The infectious virus is quantified via an optimized plaque assay using
porcine kidney cells, the ratio of non‐infectious/infectious virus is determined by probe‐based
real‐time RT‐qPCR giving viral RNA levels. The scale‐up of adherent Vero cells on Cytodex 1
microcarriers and BHK‐21 suspension cells are performed in 3 L glass vessels (Applikon) and
Mobius 3 L single‐use bioreactors (Merck Millipore). Higher cell concentrations might be achieved
through constant media removal using a hollow‐fiber‐based perfusion system ATF (Repligen).
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Kyriacos A Mitrophanous1, Hannah J Stewart1, Laura JE Pearson1
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Large‐scale production of gene therapeutics comprising lentiviral vectors (LV) would
benefit from the development of producer cell lines (PCL) enabling the generation of large
quantities of vector, which remains a challenge using current transient transfection processes. To
achieve this isolation of clonal cell lines by cloning by limiting dilution (LDC) in antibiotic selection
media is required. The current manual processes are time consuming and labour intensive limiting
the number of clones that can be processed and analysed (typically up to 200 clones). By
screening a greater number of clones the probability of isolating higher titre LV producing clones
with the correct quality attributes would be increased.
Oxford BioMedica has developed a bespoke Automated Cell Screening System (ACSS)
which uses state of the art automation to increase the number of clones that can be isolated and
screened. The ACSS enables the routine isolation of up to 3000 clones by automated LDC.
Furthermore, the ACSS is able to perform routine passage, high‐throughput (HTP) clonal LV
production and evaluation of clone LV productivity using various screening methods.
The ACSS contains several instruments which have been integrated together and are
controlled through a single piece of software. The ACSS comprises of a Class II containment
workcell which houses a liquid handler, a liquid dispenser, an incubator, a barcode scanner (for
plate traceability), all of which are automated. The system also contains a robotic arm which
moves the plates between the different instruments. Pivotal to the ACSS is an automated inverted
microscope for brightfield and fluorescence imaging. This is used to ensure monoclonality and to
assess titre and hence clone productivity.
Automating the various stages of LV cell line generation enables a far greater number of
clones to be screened, compared to manual handling, which increases the chance of selecting a
high LV producing cell line. In addition the bespoke technology will accelerate cell line
development timelines by combining clone isolation with high throughput screening all within one
system.
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The use of Producer Cell Lines (PCL) for Lentiviral Vector (LV) production has many
advantages over transient vector production including scalability, stability, cost, batch variation
and ease of manufacture. However, the generation of PCLs is a long and labour intensive process
with many variables requiring optimisation to obtain high titre LV producing clonal cell lines.
At Oxford BioMedica (OXB), an Automated Cell Screening System (ACSS) has been
developed to facilitate the generation of stable PCLs. The ACSS comprises a Class II containment
workcell which houses a high throughput cell imager, a nine deck liquid handler platform, a high
throughput liquid dispenser, a shaking water bath, an incubator, a plate delidding station, a
carousel stack, a barcode scanner (for plate traceability) and a surveillance camera to allow
remote monitoring of the system, all of which are automated. The system also contains a centrally
located robotic arm which allows movement of cell plates and consumables within the Class II
containment enclosure. Use of the ACSS can reduce cell line development timelines whilst
maximising the number of clones that can be screened. The ACSS can perform routine cell culture
processes and high throughput screening of clones whilst ensuring full traceability of each clonal
cell population.
One area critical to the success of automating this type of process is minimising the
potential of cross contamination between cells and LV in adjacent microwells and/or microplates
during development. To evaluate this, validation experiments were conducted investigating
routine processes used to generate cell lines. Experiments were designed such that the
occurrence of cross contamination would be highlighted. Cells were analysed using a high
throughput cell imager.
The outcome of these experiments demonstrated that the ACSS is ‘fit for purpose’ and
can facilitate generation and high throughput screening of thousands of clonal cell populations
without the occurrence of cross‐contamination.
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Lentiviral vectors (LV), based on the Human Immunodeficiency Virus 1 (HIV‐1) are
efficient tools to mediate gene transfer. In the last 10 years, their use in gene therapy clinical trials
has been growing due to their ability to transduce and permanently modify both dividing and
non‐dividing cells and their considered safer integration pattern relatively to that of simple
retroviral vectors.
The major obstacle in the clinical use of LV is their production at high titers. Despite
recent improvements in transient LV production, at higher scales this method is limited to a short
production period, it is expensive and presents batch to batch variability. A continuous production
system where a stable producer cell line constitutively produces LV is desirable. However, its
development is very laborious and time‐consuming and has been hampered by the cytotoxicity of
some viral components, namely the viral protease.
To overcome these problems, we are developing a stable cell line using a genetically
modified and less toxic HIV protease. Although less cytotoxic, this modified protease exhibits
reduced proteolytic activity. While for envelope glycoproteins which do not require proteolytic
processing – like VSV‐G – reduced protease activity does not impact final vector titers, the
conjugation of this protease with envelopes typically used in stable cell line development –
Ampho, GaLV and RD114 – resulted in reduced titers.
In this work, we have engineered the cleavage site of the HIV‐1 protease in MLV‐4070A,
GaLV and RD114 envelope glycoproteins. For each envelope, 3 mutations were engineered and
evaluated in transient production of 3rd generation LV packaging. Engineering the cleavage sites
allowed rescuing viral titers to similar levels of those obtained with the wild type protease. These
engineered envelopes are now being implemented in a stable LV producer cell line, expressing the
modified protease.
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The design of Good Manufacturing Practice (GMP)‐compliant bioprocesses for the
manufacture of stem cell‐based therapeutics is challenging due to the fact that the drug is not
produced by the cells, but the cells themselves make the medicinal product. In this context, there
exist the risk of potential changes in their phenotype and potency, spontaneous differentiation in
undesired cell types and acquisition of genetic aberrations through prolonged cell culture. Herein
we report the development of different strategies for banking multipotent Mesenchymal Stromal
Cells (MSC), including expansion and cryopreservation, which were dimensioned to suit a small
academic laboratory facility and were compliant with relevant regulations on advanced therapies
and compliance with quality standards.
Semi‐closed bioprocess designs aiming at the isolation and expansion of MSC for clinical
use were defined as follows: 1) one‐shot system, consisting of two serial passages using CellSTACK
culture chambers (Corning); and 2) the generation of a two‐tiered system of Master Cell Bank
(MCB) and Working Cell Bank (WCB). Characterisation of the cellular products adhered to the
minimal criteria established by the International Society for Cellular Therapy.
The first design tested consisted of using large area CellSTACK flasks for the isolation and
expansion of bone marrow‐derived MSC for the generation of 10 cryovials of 8x107±20% MSC
within 21 days.
In the second design, we took advantage of existing concepts for banking cell lines for the
production of biologicals or vaccines by generating MCB and WCB. The bioprocess was designed
in a way that the number of CPD never exceeded 40 and was sized for implementation in small
GMP facilities, while yielding a sufficient number of doses for preclinical and clinical testing. In
particular, the size of the bioprocess proposed here was composed of 2 MCB of 2.5 × 106 cells, 8
WCBs of 3 × 106 cells and 12 doses of the drug product of 50 × 106 cells with a potential to yield
192 doses from a single fragment of umbilical cord tissue within 50 days.
In all cases, cellular products displayed the characteristic MSC phenotype (CD105+,
CD73+, CD90+, CD45‐, CD31‐), multipotentiality (adipogenic, chondrogenic and osteogenic in vitro
differentiation potential), and tested negative for bacteria, Mycoplasma and endotoxin. We
successfully designed robust and reproducible GMP‐compliant bioprocesses for the manufacture
of MSC‐based therapeutics currently used in the clinical setting.
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The production of stem cells for clinical applications requires a suitable mass expansion
and harvest process, such as a microcarrier‐based bioreactor. Important parameters to consider
are the choice of microcarriers for cell expansion, the growth medium and the scale‐up strategy.
We investigated different microcarriers to determine whether they can support the growth and
harvest of primary human mesenchymal stromal/stem cells (hMSCs) derived from bone marrow,
and the immortalized cell line hMSC‐TERT. A serum‐containing medium and a new chemically
defined medium were compared under dynamic culture conditions. We also investigated bead‐to‐
bead transfer from spinner flasks to a stirred tank reactor as a scale‐up strategy.
We observed cell type‐dependent differences in growth rate and attachment behavior
on each microcarrier. Missing serum components in the chemically defined medium led to slower
cell attachment and growth, whereas microcarriers suitable for the serum‐containing medium
were also suitable for the chemically defined medium. Glass‐coated microcarriers supported
hMSC‐TERT growth and bead‐to‐bead transfer in serum‐containing medium, whereas plasma‐
treated plastic surfaces promoted cell growth in chemically defined medium. We demonstrated
that stem cell cultures can be scaled up by bead‐to‐bead transfer, avoiding the need for pre‐
cultures in tissue flasks. The replacement of pre‐cultures with a monitored bioprocess could
therefore facilitate the development of conditions suitable for large‐scale stem cell production.
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In gene therapy many different viral vectors are used to deliver genetic information.
Most of these viral vectors are based on adenovirus or retrovirus, which are especially known for
the diseases they can cause in humans. A less hazardous alternative can be the baculovirus which
only infects lepidoptera. Since it is known that the baculovirus Autographa californica multiple
nucleopolyhedrovirus (AcMNPV) can mediate recombinant protein expression in mammalian
cells, it became a promising alternative for classical gene therapy vectors. Furthermore, the
baculovirus comes up with several advantages compared to other viral vectors. For example it is
quite simple to manipulate the baculovirus DNA in Escherichia coli and, up to now, cloning of 38
kbp large inserts are feasible. Also the production can be performed within a few weeks resulting
in high titer stocks.
For successful gene therapy and differentiation of stem cells the expression of the gene
of interest in a defined amount and thus the promotor strength. To determine the expression
characteristics of different promoters in human mesenchymal stem cells, GFP was used as a
marker protein. Furthermore, the transduction process, which also influences the final protein
concentration, was optimized using design of experiment. Identified factors influencing the
transduction are the host cell concentration, the virus concentration or incubation time.
Optimizing both the genetic and practical setup lead to an increased expression of GFP in human
mesenchymal stem cells.
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