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THE EUROPEAN
SOCIETY OF ANIMAL
CELL TECHNOLOGY

The European Society for Animal Cell Technology
(ESACT) is a Society which brings together scientists,
engineers and other specialists working with animal
cells in order to promo-te communication of
experiences between European and International
investigators and pro-gress the development of cell
systems and productions derived from them. 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.

The ESACT Frontiers Program (EFP) is an initiative within
the ESACT focused on promoting career progression
and active engagement of young generations to the
field of Animal Cell Technology (ACT). 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. Our 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 as well as promoting
academia-industry interaction. ESACT Frontiers
actively encourages the participation and interaction
between Masters students, PhD students and postdoctoral fellow members of the society with the goal
of supporting training and career development. EFP
was founded in 2014 and is made up of early career
scientists and engineers from academic, governmental
and private institutions.
Current ESACT Frontiers members and executives :
• Ana Filipa Rodrigues, iBET (Oeiras, Portugal)
• Christopher Sellick, Kymab (Cambridge, UK)
• Emma Petiot, CPE-Lyon Engineer School (Lyon,
France)
• Igor Slivac, University of Zagreb (Zagreb, Croatia)
• Paulo Fernandes, Autolus (London, UK)
• Ricardo Valdés-Bango Curell, Dublin City
University (Dublin, Ireland)
• Simon Ausländer, Roche (Penzberg, Germany)
• Verena Lohr, Sanofi (Frankfurt, Germany)
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ORGANIZING AND
SCIENTIFIC COMMITTEE

ORGANIZING COMMITTEE

SCIENTIFIC COMMITTEE

•
•
•
•
•

• Ana Sofia Coroadinha, iBET - Instituto de Biologia
Experimental e Tecnológica (Oei-ras, Portugal)
• Anne Tolstrup, BioProcess Technology Consultants
(Hillerød, Denmark)
• Hansjörg Hauser, Helmholtz Centre for Infection
Research (Braunschweig, Germany)
• Helene Kildegaart, Denmark Technical University
(Lyngby, Denmark)
• Claire Pearce, Kymab (Cambridge, UK)
• David Ausländer, Novartis, (Basel, Switzerland)
• Mercedes Segura, bluebird bio (Cambridge,
MA, USA)
• Eric Olmos, University of Lorraine (Nancy, France)

•
•
•
•
•
•
•
•

Ana Filipa Rodrigues, iBET (Oeiras, Portugal)
Andrea Osterlehner, Roche (Penzberg, Germany)
Christopher Sellick, Kymab (Cambridge, UK)
Claire Pearce, Kymab (Cambridge, UK)
Emma Petiot, CPE-Lyon Engineer School
(Lyon, France)
Igor Slivac, University of Zagreb (Zagreb, Croatia)
Igor Stuparevic (Zagreb, Croatia)
Paulo Fernandes, Autolus (London, UK)
Peadar O Beara, Dublin City University
(Dublin, Ireland)
Ricardo Valdés-Bango Curell, Dublin City
University (Dublin, Ireland)
Simon Ausländer, Roche (Penzberg, Germany)
Sven Tautenhahn, Sanofi (Frankfurt, Germany)
Verena Lohr, Sanofi (Frankfurt, Germany)
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PROGRAM
WEDNESDAY | 17th of October
10:00 - 14:00

Registration
OPENING SESSION

Chairs: Igor Slivac & Verena Lohr
14:00 - 14:45

Welcome by ESACT Frontiers

14:45 - 15:45

Opening keynote: Cell factories: Manufacturing next generation products
from solid foundations
Alan Dickson, University of Manchester, UK

15:45 - 16:15

Coffee break
ORAL PRESENTATION - Session 1

Chairs: Ana Sofia Coroadinha & Hansjörg Hauser
16:15 - 16:30

A CRISPR/Cas9 based engineering strategy for overexpression of multiple genes
in Chinese hamster ovary cells
Peter Eisenhut - BOKU - University of Natural Resources and Life Sciences, Austria

16:30 - 16:45

Effects of mitochondria related genes PGC1α and DRP1 in recombinant
protein expression in CHO cells
Antonio Alarcón Miguez - National Institute for Cellular Biotechnology, Ireland

16:45 - 17:00

CRISPR/CAS9 mediated knockout of microRNAs for precise cell line engineering
Nadja Raab - University for Applied Science Biberach, Germany

17:00 - 17:15

The effect of COSMC knock-out on N-glycan redistribution: towards enhancing
mAb galactosylation
Itzcoatl Gomez - University College Dublin, Ireland

17:15 - 17:30

Exploiting the effect of Ubiquitous Chromatin Opening Elements (UCOEs) in RMCE
compatible cell lines: towards rational design of chromosomal sites
Natascha Goedecke - Helmholtz Centre for Infection Research, Germany

17:30 - 17:45

CRISPR-based targeted epigenetic editing enables glyco-engineering in CHO cells
Nicolas Marx - BOKU - University of Natural Resources and Life Sciences, Austria

17:45 - 18:00

A PiggyBac based stable pool platform for rapid monoclonal antibody production: an
alternative to transient material supply
Dana Moreno Sanchez - Kymab, UK

18:00 - 19:45

POSTER SESSION 1 - Even number posters

20:00 - 22:00

Dinner at Hotel International

7

THURSDAY | 18th of October
PERSONAL DEVELOPMENT WORKSHOP - Part 1

Chairs: Ana Filipa Rodrigues & Chris Sellick
09:00 - 10:30

“We Did It My Way: Influencing Others to Get What You Want”
Michael Heath, Michael Heath Consulting, UK

10:30 - 11:00

Coffee break

11:00 - 13:00

“We Did It My Way: Influencing Others to Get What You Want”
Michael Heath, Michael Heath Consulting, UK

13:00 - 14:00

Lunch

PERSONAL DEVELOPMENT WORKSHOP - Part 2

CAREER DEVELOPMENT WORKSHOP

Chairs: Simon Ausländer & Ricardo Valdes-Bango
14:00 - 14:20

Novartis, Switzerland
Jocelyne Fiaux & David Ausländer

14:20 - 14:40

Autolus, UK
Nina Kotsopoulou

14:40 - 15:00

Roche, Germany
Wilma Lau

15:00 - 15:20

Böhringer Ingelheim, Germany
Dorothee Ambrosiu

15:20 - 15:40

Sanofi, Germany
Verena Lohr

15:40 - 16:00

iBET - Instituto de Biologia Experimental e Tecnológica, Portugal
Ana Barbas

16:00 - 16:30

Round table discussion

16:30 - 17:45

Coffee break and Networking
Pre-dinner social activity

18 :00 - 18:30
18:30 - 20:30

Travelling downtown Zagreb by bus
Pre-dinner social activity – Unlock Zagreb

20:30 - 23:00

Gala Dinner at Vinodol restaurant
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FRIDAY | 19th of October
ORAL PRESENTATION - Session 2
Chairs: Anne Tolstrup & Claire Pearce
09:00 - 09:15

On the metabolomics profiling and nutrient perturbation understanding of Chinese Hamster
Ovary (CHO) cell cultures for nutrient supplementation strategies in bioprocessing
Ricardo Suarez Heredia - University College London, UK

09:15 - 09:30

A mathematical model to describe CHO cell growth and mAb glycosylation
Pavlos Kotidis - Imperial College London, UK

09:30 - 09:45

Evaluation of an n-1 Perfusion/High-Seed Fed-Batch Technology for the Intensification of
Recombinant Protein Production Processes: from AMBR250 to 200 L STR
Franziska Thol - Sanofi, Germany

09:45 - 10:00

Investigating the Relationship between Upstream Culture Variables, ER Stress and the Stability of mAbs
Natalie Talbot - University of Kent, UK
Analysing CHO cell translation initiation during biopharmaceutical production
Marina Castro Rivadeneyra - National Institute For Bioprocessing Research and Training, Ireland

10:00 - 10:15
10:15 - 10:30

Bioprocess engineering of insect cells for enhanced Gag-VLPs production - Bárbara Fernandes
iBET, Instituto de Biologia Experimental e Tecnológica, Portugal

10:30 - 10:45

Engineering of Exosomes for Targeted Delivery of Therapeutic MicroRNAS
Nikolas Zeh - University for Applied Science Biberach, Germany

10:45 - 11.15

Coffee break

11:15 - 12:45

POSTER SESSION 2 - Odd number posters

12:45 - 14:00

Lunch
ORAL PRESENTATION - Session 3 & CLOSING SESSION
Chairs: Emma Petiot & Paulo Fernandes

14:00 - 14:15

Evaluation of a new porcine suspension cell line (PBG.PK-21) for influenza produyction in high cell density
Gwendal Gränicher - Max Planck Institute for Dynamics of Complex Technical Systems, Germany

14:15 - 14:30

Affinity-based Surface Plasmon Resonace Biosensor for In-process Influenza Hemagglutinin and
Virus Quantification
Laurent Durous - Institute for Molecular and Supramolecular Chemistry and Biochemistry, France

14:30 - 14:45

Switch-on fluorescent cell-based biosensors for quantification of label-free virus and viral vectors.
Miguel Guerreiro - iBET, Instituto de Biologia Experimental e Tecnológica, Portugal

14:45 - 15:00

Establishment and characterisation of novel in vitro models mimicking the blood brain barrier
Martin N. Luckner - inSCREENX, Germany

15:00 - 16:00

Closing Keynote
Nina Kotsopoulou, Head of Process Development at Autolus, UK

16:00 - 16:30

Closing by ESACT Frontiers
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OPENING SESSION

CELL FACTORIES: MANUFACTURING NEXT
GENERATION PRODUCTS FROM SOLID
FOUNDATIONS

Professor Alan Dickson, Director of Centre
of Excellence in Biopharmaceuticals (COEBP),
University of Manchester
The past 25 years has seen tremendous advances in
yields and range of biopharmaceutical products. In the
early 1990’s, yields of 0.1g/L were considered as good,
the Chinese Hamster ovary system was overshadowed
by lymphoid cell types, antibodies were products of
the fu-ture and cytokines/hormones were emerging as
therapeutics. Intellectual enquiry has revolu-tionised
our understanding of complex systems (cells and
products) and technological ad-vances have enabled
the potential to develop novel products. In the current
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world of systems and synthetic biology, we stand at
the cross-roads for the successful manufacture of
new products (domain-engineered proteins/peptides,
nucleic acids, cell-based therapeutics). The past has
taught us the approaches that can bring imagination
to reality but it has also warned that the pathways
require innovation and a willingness to continue to
engage with new tech-nology. This presentation will
review that future landscape.

CLOSING SESSION

CELLULAR GENE THERAPIES:
A REVIEW OF THE CONCEPT, THE JOURNEY AND
FUTURE OF THESE INNOVATIVE THERAPIES
FROM A PRODUCT

Nina Kotsopoulou, Head of Process Development,
Autolus
Cellular gene therapies have shown great promise
in the clinic in recent years, with a number of
products already gaining approval in Europe and
the US. These include haematopoietic stem cell gene
therapies primarily for monogenic disorders, as well
as CAR-T cell therapies for oncology indications. The
presentation will give an overview of the development

journey gene therapies have taken, the successes,
the promise but also the challenges that still remain
to de-liver these transformative therapies effectively.
The focus will mostly be on product development
of CAR-T therapies, with examples of Autolus’
approach provided.
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CAREER
DEVELOPMENT
WORKSHOP

This year the career development session
aims to discuss the career opportunities
outside of academia mainly targeting big pharma
but also, smaller companies
Representatives from different companies will present
several aspects of their companies such as work
culture & ethics, research and organization structure,
available job opportunities, in-ternal career
development and current demands on applicants
(namely hard and soft skills) etc.
The oral presentations will be followed followed
by a round table discussion and plenty of time
to network. Take the opportunity to talk with the
speakers
and
gain
additional
infor-mation.
Visit the booths, where you can meet and talk to
further company representatives. Ask your questions
and maybe it will be the next step in your career.
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GUEST SPEAKERS
NOVARTIS - Jocelyne Fiaux, Head Strategy and
Operations, Integrated Biologics Profiling, NIBR-NBC
- David Ausländer, Principal Scientist Cell Line
Development, Integrated Biologics Pro-filing,
NIBR-NBC)
AUTOLUS - Nina Kotsopoulou, Head of Process
Development
ROCHE - Wilma Lau, Head of Projects,
Programs & Strategy LMR, Roche Innovation
Center Munich (RICM), Pharma Research and Early
Development (pRED)
SANOFI - Verena Lohr, Head Drug Substance
Manufacturing Biologics / Early Phase
BÖHRINGER INGELHEIM - Dorothee Ambrosius,
Bioprocess & Pharma. Dev. Biologicals
iBET - Instituto de Biologia Experimental e
Tecnológica - Ana Barbas, Coordinator of Bayer
Satellite Laboratory @ iBET

PERSONAL
DEVELOPMENT
WORKSHOP

“We Did It My Way: Influencing Others to Get
What You Want”
MY PERSONALITY STYLE & MY
INFLUENCING STYLE

Michael Heath, Facilitator, Mentor & Coach
Michael Heath is a professional mentor and coach.
In his own words, he aims to provide his clients
“unforgettable learning events which can change
the way their people think and perform”. In the first
ESACT Frontiers Retreat we had the pleasure to attest
how unforget-table and unique his workshops are and
he will join us again!
In this edition, Michael will take us on the journey of
“personality types”.
We are all different! While the differences make the
basis for a rich life and creative working environment,
they are also often the cause for resentment and

frustration. But it does not need to be that way:
sometimes, it only takes to get to know yourself and
the other person a little better.
Always based on enthusiastic lectures and dynamic
group exercises, Michael will guide you on the path
of better knowing yourself and others to make the
most of your personal and professional life. What is
your personality type and what exactly comes with
it? What is your colleague/boss/friend’s personality
type and what does that imply when dealing with that
person? How to recognize the personality type of the
person next door?
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SOCIAL ACTIVITY
& GALA DINNER

“UNLOCK ZAGREB”

DINNER AT RESTAURANT “VINODOL”

In this completely new game with all of the favorite
elements of an escape room and scaven-ger hunt
adventure – but this time in the fresh air! – you will
embark on an adventurous jour-ney through the old
city centre of Zagreb, in which you will encounter
interesting puzzles, unlock the secrets of the city,
discover the unknown, be pleasantly surprised,
exclaim “Eure-ka!” and have a great time!

Vinodol is a restaurant located in the very heart of
downtown Zagreb, and the first place to go when in
search of traditional continental and Mediterranean
cuisine. The meals there are pre-pared according to
traditional Croatian recipes, with a modern approach.

The game will be played in groups of 10 players for
you to get to know each other and net-work once
more.
Each team starts the game with a unique and attractive
prop – specially designed and hand-crafted wooden
book with locked pages. Players will get to know a bit
about the city’s history while exploring the sights in
the search for the hidden codes. On the way to their
final desti-nation, they will be led through the city’s
well-known – and even some lesser-known – historical and architectural sights.
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Address : Teslina 10, 10000 Zagreb
Tel : +38514811427, +38514811341
vinodol@vinodol-zg.hr
Dress code: casual

CONFERENCE VENUE
CONFERENCE WELCOMING CITY
Zagreb is the capital of Croatia and its major economic
and cultural center with about 800.000 residents. It
has the largest and the oldest university in the country
(est. 1669) as well as the most extensive and diverse
industrial infrastructure. At academic level the (under)
graduate study program in biotechnology is held at
the Faculty of Food Technology and Biotechnology
of the University of Zagreb for more than 60 years.
Training in animal cell culture technology is part of the
educational program for the last 30 years. A desire
to connect local biotech ex-perts and improve their
networking with their peers abroad, through lectures,
workshops and conferences, led to foundation of
Croatian Society of Biotechnology in 1990. The
University as well as the Society has well established

connections with the leading national institute for
natural and biomedical sciences (Ruder Boskovic
Institute) and has founded a company that offers
infrastructure and services necessary for growth and
development of the early stage biotech firms (BICROBIOCenter). Long tradition of biotechnology research
enhanced deca-des long development of local
pharmaceutical companies and their internationally
recognized products (e.g. antibiotic azithromycin,
Edmonston-Zagreb measles vaccine). More recently,
a few large biotech corporations (Pfizer, Teva,
Galapagos) as well as some privately owned firms and
startups (Genera, Genos), took over the production
facilities, while still keeping their focus on techniques
with animal cell culture.

Zagreb - Main square

Zagreb - Hotel International

University of Zagreb - Rector’s building

Zagreb - Night in the old town

CONFERENCE VENUE
The Retreat takes palce at Hotel International,
located close to the center of Zagreb
(http://www.hotel-international.hr/homepage).
Address : Miramarska cesta 24, 10000 Zagreb
Tel : +385 1 6108 800
e-mail : hotel@hotel-international.hr
Tram stop : Miramarska, trams #3 and #5

hotel can be reached by public transportation (tram
#5, approx. 0,5 €/ride) or on foot (approx. 20 min).
COMING BY TRAIN
If coming by train from the central train station (Glavni
kolodvor), go to the central bus station (Autobusni
kolodvor) by tram (#2 or #6), and proceed as
previously described i.e. swith to the tram #5 or take
a walk from there.

TRAVEL FROM/TO THE AIRPORT
The taxi ride from the airport to the conference hotel
takes about 20 min (approx. 25 €).
You can also take the airport shuttle which takes you
to the central bus station (approx. 5 €). From there, the

USEFUL INFORMATION
Croatia’s national currency is called hrvatska kuna
(HRK) and its approximate conversion rate is 1 € = 7.5
HRK. Money exchange offices are frequent downtown
and regular in all the banks.
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REGULAR TRAM SERVICES

TRAM ROUTES

LEGEND

Routes 1, 3 and 8 do not operate on Saturdays,
Sundays and on public holidays.
Regular city tram and bus lines operate until 00.30h,
then night bus lines take over the transportation.
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O1 - A CRISPR/Cas9 based engineering
strategy for overexpression of multiple
genes in Chinese hamster ovary cells
Peter Eisenhut1,2, Gerald Klanert1,2, Marcus Weinguny1,2, Laurenz Baier1,2, Vaibhav Jadhav1,2, Daniel Ivansson3, Nicole
Borth1
Austrian Centre of Industrial Biotechnology, Vienna [1]
University of Natural Resources and Life Sciences, Vienna [2]
3)
GE Healthcare Bio-Sciences AB, Uppsala [3]

1)

2)

Background and Novelty
Manipulation of multiple genes to engineer Chinese
Hamster Ovary (CHO) cells for better performance
in production processes of biopharmaceuticals has
recently become popular. Yet, identification of useful
genes is a very time consuming task and unequivocal
assessment of their effects in combination(s) on the
cellular phenotype is difficult due to high variation
between subclones. Here, we present the proofof-concept of a novel strategy for coordinated
overexpression of multiple genes in CHO cells, by
multiplexable activation of artificially repressed genes
(MAARGE). This strategy will allow faster screening of
gene overexpression combinations.
Experimental approach
MAARGE, in its here presented installment, comprises
four genes of interest (fluorescent proteins) that can
all be stably integrated into the genome in a single
integration event. However, three of those genes are
repressed by a repressor element (RE) that is integrated
between the promoter and translation start site of the
respective genes. GuideRNA (gRNA) targets flanking
the REs then allow to specifically delete the RE with
CRISPR/Cas9 and thus to activate the expression of the
corresponding gene(s). Activation of the introduced
fluorescent protein genes was then evaluated by flow
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cytometry and confocal microscopy. Also, fluorescent
activated cell sorting (FACS) was used for isolation
of CHO cells with respective combinations of the
activated genes.
Results and Discussion
We show that introduced transgenes are most
efficiently repressed by an extended 5’-untranslated
region (UTR) with an additional transcriptional polyadenylation (polyA) signal. Upon transfection of the
CHO cells with Cas9 and the respective gRNA(s) we
observe that both individual and multiplexed activation
of the initially repressed genes in transient and also
in a stably transfected CHO cell line is possible and
specific. Also, transfection of a stable cell line with all
three gRNAs, it was possible, in a single experiment,
to isolate cells that stably express all potential gene
combinations by FACS.
In summary, the here introduced technology provides
a novel way for coordinated overexpression of genes
in CHO cells or other mammalian cell lines. For
pathway and cell engineering studies, the selected
genes can be expressed linked to these fluorescent
genes (e.g. via a 2A self-cleaving peptide) and cells
with the desired co-expression pattern sorted, thus
obviating the necessity to subclone for subsequent
phenotypic characterization of the engineered cells.

O2 - Effects of mitochondria related
genes PGC1α and DRP1 in recombinant
protein expression in CHO cells
Antonio Alarcón Miguez, Berta Capella Roca, Niall Barron,
National Institute for Cell Biotechnology, DCU
National Institute for Bioprocessing Research and Training, UCD.
3)
National Institute for Cell Biotechnology, DCU
1)
2)

Background and Novelty
Biopharmaceutical products have become an
important asset for pharmaceutical industry during the
last decades. Mammalian cell lines are the preferred
choice for large scale production, with CHO cells alone
representing 70% of recombinant protein production
for biopharmaceutical purposes. A considerable
amount of research has, therefore, focus on improving
CHO cells recombinant protein yield. An increase
of protein yield will lead to a decrease on the price
of biopharmaceutical products, making them not
only economically viable to biopharmaceutical and
medical industries, but also accessible to the public.
This study aims to improve cell metabolism, and
therefore recombinant protein yield, of CHO cells
by targeting mitochondria. PGC1α and DRP1, genes
related to mitochondria biogenesis and mitochondria
fission process respectively, have been shown to
cause increase on mitochondrial numbers when
overexpressed in cancer cells, enhancing oxidative
metabolism. Overexpression of ectopic PGC1α and

DRP1 will be performed on CHO cells to enhance
their oxidative metabolism, and therefore their
protein production.
Experimental approach
CHO-DP12 cells (IgG producers) will be transiently
transfected with the genes of interest. These cells
will be then assessed for gene and protein expression,
mitochondria relative content and recombinant
protein yield. Then these clones will be subjected
to a clone selection process to create stable CHO
DP12 clones overexpressing PGC1α, DRP1 and both,
which will be again assessed for the previously
described parameters.
Results and Discussion
Preliminary results have shown a considerable
increase on relative mitochondria number on PGC1α
transient clones compared with the controls. More
research into the clones is currently ongoing.
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O3 - CRISPR/CAS9 mediated knockout
of microRNAs for precise cell line
engineering
Nadja Raab [1]1, Kerstin Alt [2]2, Sven Mathias [3]1, René Handrick [4]1, Vaibhav Jadhav [5]3,

Kerstin Otte [6]1

University of applied Sciences Biberach [1]
Genetikum, Neu-Ulm [2]
3)
BOKU Vienna [3]

1)

2)

Background and Novelty
Recent advances in the development of molecular
tools available for cell line engineering has opened
avenues for precise modulation of production cell
lines to optimize cellular process relevant parameters.
Among those, the CRISPR/Cas9 system represents a
rapid and straightforward cell line engineering tool
which allows for precise gene editing of host genomes
to modify relevant signaling pathways. In addition,
microRNAs (miRNAs) have proven to serve as versatile
molecular tools to improve production cells regarding
protein production and growth characteristics. These
small non-coding RNA molecules are regulators of
gene expression and regulate process relevant cellular
pathways as growth, apoptosis, protein expression
or stress. With an individual microRNA being able
to regulate up to several hundred target genes,
the modulation of miRNA expression may mimic
simultaneous modification of several hundred target
genes. Therefore, miRNAs may offer great potential to
serve as targets for CRISPR/Cas9-mediated genome
editing, as an individual microRNA can regulate up to
several hundred target genes and therefore mimics
multiplexing of hundreds of target genes in one single
step. While the overexpression of miRNAs to improve
the performance of biopharmaceutical production
hosts has received major interest in the past years,
effects of precise knockout of unfavorable miRNAs in
Chinese hamster ovary (CHO) production cells have
not been reported yet.
Experimental approach
Therefore, the current study aimed at applying a novel
strategy for CHO cell line engineering by enhancing
viability, culture longevity and productivity of CHO
cells using CRISPR/Cas9-mediated deletion of a
miRNA causing adverse effects. In a previous high
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content screen with more than 1000 miRNAs we were
able to identify miR-744 as being involved in viable cell
counts and productivity. Thus, the genomic precursor
sequence of miR-744 was deleted by two sgRNACas9-mediated DNA double-strand breaks flanking
the miR-744 gene in the CHO genome. A plasmid
encoding both required sgRNAs in a tandem array,
Cas9 and GFP was used to allow for simultaneous
delivery of all required components and thereby
reducing the screening effort for potential knockout
(KO) cell lines.
Results and Discussion
After transfection and fluorescent-activated cell sorting
(FACS) seven putative, clonal miR-744-KO cell lines
could be recovered. From these, three were identified
and confirmed as miR-744-KOs by sequencing of their
miR-744 locus respectively. In a subsequent growth
experiment over a period of nine days considerable
differences in the investigated parameters viable
cell count, viability, apoptosis, necrosis and antibody
titers of the different miR-744-KO cell lines and nontargeting sgRNA transfected cells could be observed.
Further experiments like e.g. sgRNA-Cas9 off-target
effects, qRT-PCR analyses of miR-744 target gene
expression, mature miR-744 levels and more were
conducted to analyze and characterize the observed
effects.
In summary, the present study elucidates the
role of microRNAs, which bear adverse effects on
production cells, as targets for the novel CRISPR/
Cas9 genome editing technique in the context of cell
line engineering. This approach contributes to the
idea of a rational design of CHO production hosts
with controlled modulation of signaling pathways or
metabolic characteristics to enable the generation of
optimized production cells.

O4 - The effect of COSMC knock-out
on N-glycan redistribution: towards
enhancing mAb galactosylation
Itzcoatl A. Gomez and Ioscani Jimenez del Val
School of Chemical and Bioprocess Engineering, University College Dublin, Dublin, Ireland, D04 V1W8

Background and Novelty
Tuning the N-glycan composition of therapeutic
proteins has been the focus of many academic
and industrial research groups because of the
essential role carbohydrates play in the safety and
therapeutic efficacy of biopharmaceutical products.
A fundamental example is that the presence of
b-1,4 galactosylation enhances the cytotoxic activity
of oncological monoclonal antibodies (mAbs)
[1]. The final galactose content of mAb glycans is
influenced by several factors, a key one being the
intracellular availability of uridine diphosphate
galactose (UDP-Gal) [2]. Recent computational
efforts have revealed that between 30% and 45% of
intracellular UDP-Gal is consumed for cellular serine
(O)-linked glycosylation [3]. Based on these findings,
we hypothesise that, if O-glycan galactosylation is
abrogated, the intracellular availability of UDP-Gal will
increase and, in consequence, cellular and mAb b-1,4
galactosylation will be enhanced. The core 1 b3-Gal-Tspecific molecular chaperone (COSMC) is essential for the
addition of galactose to O-glycans. Although CRISPR/Cas9
has recently been used to disrupt COSMC gene expression
in CHO cells [4], the impact of eliminating cellular
O-linked galactosylation has not been established in
the context of carbohydrate redistribution towards
asparagine (N)-linked glycans. The work presented
herein evaluates the reduction in CHO cell surface
galactosylation upon COSMC knock-out and assesses
how the redistribution of UDP-Gal enhances N-linked
galactosylation.
Experimental approach
The COSMC gene was knocked out of CHO DP12
cells using the CRISPR/Cas9 gene editing and Cas9GFP fluorescent enrichment technique developed
by Lee et al. [4]. The population of COSMC-deficient
cells was further enriched using fluorescent activated

cell sorting (FACS) and a fluorescein-modified lectin
(Vicia villosa) specific for O-glycan galactosylation.
A second lectin (Erythrina cristagalli), specific for
b-1,4 galactosylation and functionalized with Texas
Red, was used to monitor changes in the overall cell
surface N-linked galacotyslation profile of the COSMC
knockout cells. The COSMC knockout cell lines were
then cultured and dynamically characterised for
growth, nutrient uptake, metabolite secretion, product
titre, intracellular UDP-Gal availability, and cell surface
b-1,4 galactosylation.
Results and Discussion
The growth, productivity and metabolic behaviour of
the COSMC knockout cells was similar to that of the
parental cell line, which is consistent with previous
findings [4]. The COSMC knockout cells presented
a clear shift towards higher cell surface b-1,4
galactosylation and an increased intracellular pool of
UDP-Gal, thus confirming our initial hypothesis. We
are yet to perform glycoprofiling on the mAb product,
but given our current results, we believe increased
galactosylation will be observed.This work presents
only an early step towards maximizing galactosylation
in CHO cells. By combining the COSMC knockout
strategy with additional methods previously employed
to increase mAb galactosylation [2], additional strides
will be made towards producing more homogenous
and therapeutically effective mAb glycoforms.
References
1. Thomann, M., et al., 2016. Mol Immunol, 73:69-75.
2. Gramer, M.J., et al., 2011. Biotechnol Bioeng, 108(7):15911602.
3. del Val, I.J., K.M. Polizzi, and C. Kontoravdi, 2016. Sci Rep,
6:28547.
4. Lee, J.S., et al., 2015. Sci Rep, 5:8572.
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O5 - Cell lines: towards rational design
of chromosomal sites
Natascha Gödecke1, Mark Trautwein 2, Anke Mayer-Bartschmid 2,, Dagmar Wirth1
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Background and Novelty
Both the chromosomal integration site and the
design of the incoming cassette influence the level
of expression of the integrated transgenes as well
as its stability. Due to epigenetic silencing high and
stable transgene expression is often not guaranteed.
However, the underlying mechanisms usually
remain elusive and strategies to improve transgene
expression of a particular integration site are not
rationally explored.
Experimental approach
Ubiquitous chromosomal opening elements (UCOEs)
have been identified to be a class of potent regulatory
DNA elements inducing favorable epigenetic
modulations. We investigated epigenetic restrictions
of different chromosomal sites upon transgene
integration. We focused on chromosomal sites in
embryonic stem (ES) cells that support transgene
silencing upon differentiation (Rosa26 and Tigre), a
process that is per se accompanied with epigenetic
remodeling.
Utilizing Flp mediated cassette
exchange we could show that the UCOE stabilizes
expression to a certain extent in both integration
sites. However, it could not fully overcome silencing
and additional block of DNA methylation was
required to restore transgene expression to the
levels of undifferentiated cells. This suggests
that UCOEs support a favorable epigenetic
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environment but cannot fully protect expression
cassettes from silencing.
Results and Discussion
In addition, we evaluated the impact of UCOEs
in 2 defined integration sites of CHO cells. By Flp
mediated cassette exchange we systematically
evaluated different UCOE cassette designs with
regard to the expression characteristics. To this end,
two integration sites were selected that support
different levels of expression. The integration of an
UCOE 5’ to the transgene promoter supported higher
transgene expression levels in both integration sites.
Of note, the stabilizing effect of the UCOE was higher
for the integration site that had a lower intrinsic
expression capacity. Moreover, we could show that
the UCOE was crucial for this effect since a random
sequence with comparable CpG density was not
able to increase transgene expression. While for one
of the integration sites, the effect of the UCOE was
orientation dependent, the other site was susceptible
to both orientations. Of note, additional integration of
a second UCOE did not further increase expression in
either site, suggesting that a single UCOE is sufficient
to open the chromosomal locus.
Together, our results show that the UCOE stabilizes
gene expression and reduces silencing upon
differentiation albeit they cannot completely block
epigenetic inactivation.

O6 - CRISPR-based targeted epigenetic
editing enables glyco-engineering in
CHO cells
Nicolas Marx1,2, Clemens Grünwald-Gruber2, Nina Bydlinski2, Heena Dhiman1,2, Ly Nguen1,2, Gerald Klanert2, Nicole
Borth1,2
1. Austrian Center for Industrial Biotechnology, Vienna, Austria
2. Department of Biotechnology, BOKU University of Natural Resources and Life Sciences Vienna, Austria.

Background and Novelty
Extensive knowledge has been gathered by applying
and generating –omics techniques and data towards a
holistic understanding of the Chinese Hamster Ovary
(CHO) cell’s regulatory network. However, these data
are far from universally explanatory. The epigenome,
i.e. the genetic signature that controls modulation
of gene expression, has not yet been fully explored.
To enable direct control of epigenetic regulation
of individual genes, we constructed CRISPR-based
epigenetic editing tools that induce site-specific DNA
methylation or demethylation rather than double
strand breaks at specific endogenous promoters.
Experimental approach
The current design targets the promoter of the
silenced α (2,6)-sialyltransferase (ST6GAL1) gene,
which is actively transcribed in human and there part
of the protein glycosylation machinery. It is present in
the CHO genome, but silenced. We aimed to induce
its expression in CHO by targeted demethylation of
the ST6GAL1 promoter. Flow cytometric analysis

(based on glycosylation specific lectin staining)
showed upregulation of ST6GAL1 in up to 65% of
cells in transiently transfected cell pools. ST6GAL1
expression was also confirmed by RT-qPCR and MS
glycan analysis. Stable upregulation of ST6GAL1
was monitored over a period of more than 80 days,
showing the tool’s applicability in industrial cell
development pipelines for long-term changes in cell
behavior. The effect could be readily reversed by
subsequent targeted re-methylation of the ST6GAL1
promoter by our epigenetic editing tool set.
Results and Discussion
These epigenetic tools do not only allow to build a
new layer of cell control that complements existing
techniques (e.g. genome engineering), but also enable
a more sensitive investigation of gene function by
induction and repression of genes without altering
the DNA sequence. Finally, other than gene knockout
or overexpression studies, the modulation is readily
reversible, thus opening up a multitude of possibilities
for fast, unbiased and stable testing of gene function
and multiplex engineering approaches.
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O7 - A PiggyBac based stable pool
platform for rapid monoclonal antibody
production: an alternative to transient
material supply
Dana Moreno Sanchez1, Monica Lopez Puerta1, Russ Ernst1, Qi Liang1, Allan Bradley1, Karen Dickson1, Claire Pearce1
1)

Kymab Ltd

Background and Novelty
Chinese Hamster Ovary (CHO) cells are the production
system of choice for monoclonal antibody material
supply for discovery, research and early development
purposes. Across these stages there are a decreasing
number of potential lead molecules (>100 to <5)
with increasing material requirements (ug to gram
amounts). For such pre-clinical material supply,
transient transfection platforms are widely chosen
as they have the advantage of being much more
rapid and high throughput than stable transfection
methods, which are time and resource intensive.
However, the disadvantages of transient methods
include lower expression, inherent variability and thus
an inability to predict poor stable expression, which is
integral to mitigate project delays during stable cell
line development (CLD). Additionally, with the varying
material requirements at the different pre-clinical
stages, repeat production batches are invariably
required which necessitates time consuming largescale DNA preparation.
PiggyBac (PB) systems utilize a PB transposase to
introduce a gene of interest, flanked by inverted
terminal repeats, stably into TTAA chromosomal sites.
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This project aims to utilize this technology to generate
a stable pool based material supply platform that is
rapid, high yielding, robust and predictive of CLD
outcomes.
Experimental approach
We have successfully developed a PB based rapid
material supply (pbRMS) platform that yields stable
pools within 7-12 days which produce the same
or greater titre as our current transient platform
in a comparable timeframe. In addition, we have
demonstrated that these stable pools maintain an
equivalent titre following scale up and a freeze thaw
cycle which will allow for a significantly less timeconsuming repeat material supply process.
Results and Discussion
Our results suggest that this pbRMS platform is rapid
and robust, and offers a good alternative to traditional
transient methods. Moreover, this platform has the
potential to supersede transient platforms if yields can
be improved and predictability demonstrated; both of
these studies are currently ongoing.

O8 - On the metabolomics profiling and
nutrient perturbation understanding
of Chinese Hamster Ovary (CHO) cell
cultures for nutrient supplementation
strategies in bioprocessing
Ricardo Suarez Heredia [1] [2], Alexandros Kiparissides [1] [2]
[1]
[2]

Advanced Centre for Biochemical Engineering, University College London, UK
Centre for Process Systems Engineering, University College London, UK

Background and Novelty
The production of recombinant proteins is an area
of rapid expansion and one that produces a wide
range of high-value products, including monoclonal
antibodies (mAbs), blood factors, anticoagulants,
thrombolytics, hormones and various therapeutic
enzymes. This rapidly expanding market, expected to
surpass $125 billion by 2020, has been benefited with
research and development advances in strategies for
cell line engineering, culture media development and
bioprocessing strategies which have resulted in a 100fold increase in yields over the past 30 years.
The development in cell culture media has arguably
contributed the most to the high cell densities and titers
achievable today. However, due to the high associated
costs, most of the development has been carried out
by the industrial sector, leading to a considerable
amount of knowledge and know-how being either
semi-empirical or kept in-house as intellectual
property (IP). In order to unlock further improvement
potential and understand the bottlenecks, a more
in depth understanding of cellular metabolism and
its response to nutrient and co-factor perturbations
through systematic analysis and omics analysis is
required. The overall aim of this work is to address this
issue by developing readily available computational
tools to assist in the design of metabolically balanced
media and supplementation strategies for mammalian
cell cultures.
Experimental approach
In particular, this works presents a bottom up approach
for the development of a fully chemically defined cell

culture media formulation (UCBE-CHO, University
College London) capable to sustain growth and
productivity in a non-saturated nutrient environment
during batch and fed batch cultivation modes for
different CHO cell lines ((1) IgG4 producing GS-CHO
K1 cell line, (2) a GS-CHO K1 cell line and (3) CHO-S
cell line. A metabolomics-based approach was applied
to analyze differences against control commercial
media (CD-CHO, Life Technologies) and to develop
a quantitative understanding of extracellular and
intracellular metabolic profiles using a combination of
chromatography-mass spectroscopy workflows.
Results and Discussion
Multivariate data analysis methods (MVDA), Principal
Component Analysis (PCA) and Partial Least Squares
Projection to latent structures (PLS) were used for
metabolic analysis, where spectral features contributed
most to variation or separation among the cultivation
conditions.
Further series of batch cultures via statistical
experimental design and fed-batch experiments with
specific nutrient group perturbations on chemically
defined media (UCBE-CHO) were performed
to evaluate the impact and effect of nutrient
supplementations on cell growth, viability, metabolic
signatures and antibody production.
The systematic combination of these in vitro
frameworks in the present work represent an effort to
offer insights for the systematic design, development
and optimization of metabolically balanced media
and feeding strategies for improved cell growth and
productivity.
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O9 - A mathematical model to describe
CHO cell growth and mAb glycosylation
Pavlos Kotidis1
[1]

Imperial College London, UK

Monoclonal antibodies (mAbs) are the most lucrative
biopharmaceutical therapeutic of the last decade,
owing to their ability to treat a wide range of diseases,
including cancer. While many different cell lines
have been used for the production of mAbs, Chinese
hamster ovary (CHO) cells have been proved to be the
most successful and are usually grown in fed-batch
cultures to maximise cell growth and productivity.
CHO cells carry out post-translational modifications
that are similar to those found in human proteins and
therefore can reach low levels of immunogenicity. One
of the most important post-translational modifications
for the efficacy and safety of the final product is
N-linked glycosylation. The glycan that is attached to
the constant (Fc) region of the mAb is known to have a
significant impact on its potency. Several glycans have
been shown to enhance the efficacy of commercial
antibodies and are a desirable characteristic. For
example, highly galactosylated glycans improve
mAb efficacy through the complement dependent
cytotoxicity mode of action and can be achieved
through galactose and uridine addition to the culture.
Galactose and uridine lead to increased UDP-Gal
intracellular concentration, the nucleotide sugar
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donor that delivers the galactose residue to the
growing oligosaccharide chain. However, precursor
addition can perturb cell metabolism and halt cell
proliferation. There is therefore a trade-off between
positive effects on the glycan profile and potential
negative effects on cell growth, which can, in turn,
impact on product titre. Following the Quality by
Design (QbD) paradigm where the desired quality of
the final product is determined at the process design
stage, controlling the glycosylation of the produced
mAb is of great interest. Therefore, we developed a
mechanistic mathematical model that describes CHO
cell growth and metabolism, nucleotide sugar donors
(NSDs) synthesis and mAbs N-linked glycosylation
for different galactose and uridine feeding strategies.
The model was then validated with experimental
results and its predictive capability was tested with an
independent feeding experiment that maximised the
extent of galactosylation. This framework for optimal
process design suggests that mathematical models
could be a useful tool for designing and ultimately
controlling production processes that deliver higher
quality products.

O10 - Evaluation of an n-1 Perfusion/
High-Seed Fed-Batch Technology for
the Intensification of Recombinant
Protein Production Processes: from
AMBR250 to 200 L STR
Daniel Vazquez Ramirez1, Marc Hein1, Franziska Thol1,Oliver Krämer1, Norbert Schulze1, Yali Zhang1
1)

Sanofi-Aventis Deutschland GmbH

Background and Novelty
Antibody production processes can be accelerated by
considerably increasing the starting cell concentration
in the production fed-batch bioreactor (high-seed FB).
Combining a perfusion bioreactor at the n-1 stage, FB
production bioreactors with initial cell concentrations
of 10 × 106 cell/mL can be achieved. The resulting
time-shortening at the production bioreactor (n
stage) can potentially generate a 30% increase in
manufacturing capacity while yielding comparable
product quality [1]. While this has been proven in 5 L
benchtop bioreactors, a platform covering a broader
range of scales can facilitate the process intensification
activities from early stage process development up to
manufacturing.
Experimental approach
In this study, the production of a recombinant
protein using a high-seed FB strategy was assessed
in AMBR250, 2 L and 200 L bioreactor scales. An
alternating tangential flow (ATF) perfusion system
was used to expand the producer cells to target
concentrations ≥ 60 × 106 cells/mL in the corresponding

n-1 bioreactors. Production FB bioreactors were then
inoculated with 10 × 106 cells/mL and operated up to
9 to 12 days using an automated feeding profile based
on either at-line or on-line bio-volume measurements.
Results and Discussion
Optimization of the feeding profile and rate led
to comparable antibody productivities and quality
throughout the different scales and with respect to
the conventional 14-day FB process.
Overall, the application of a high-seed FB strategy
allowed for a reduction of the processing time and
proved the intended increase in the overall production
capacity. Also, the assessment of the high-seed FB
strategy throughout different scales set the base for
the establishment of a robust technology that fulfills
the requirements of different products during process
intensification.
[1] Yang WC, Lu J, Kwiatkowski C, Yuan H, Kshirsagar R, Ryll T,
et al. Perfusion seed cultures improve biopharmaceutical fedbatch production capacity and product quality. Biotechnol
Prog. 2014;30:616-25.
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O11 - Investigating the Relationship
between Upstream Culture Variables,
ER Stress and the Stability of mAbs’
Natalie Talbot 1, Emma Hargreaves1, Stephanie Davies2, Shahid Uddin2, Mark Smales1
1. Industrial Biotechnology Centre and School of Biosciences, University of Kent, Canterbury, Kent, CT2 7NJ,
Great Britain
2. MedImmune, Milstein Building, Granta Park, Cambridge, CB21 6GH, Great Britain

Background and Novelty
Formulation development is crucial in biotherapeutic
production; functioning to minimise physical
instabilities such as aggregates and sub-visible
particles (SVP) within a therapeutic. The formation
of such species can dictate the stability of a product,
and affect the safety and efficacy of drugs such
as monoclonal antibodies (mAbs). Each stage of
production impacts on the quality of a mAb which in
turn affects product stability. During culture, Chinese
hamster ovary (CHO) cells are under increased
endoplasmic reticulum (ER) stress due to high
recombinant protein load, which can negatively affect
product quality. No studies to date, however, have
investigated the impact of intracellular stress on the
long-term stability of mAbs.
Experimental approach
This project explores the relationship between ER stress
and product stability to further our understanding of
how upstream bioprocessing impacts aggregate and
SVP formation of purified mAbs. To investigate this,
the relationship between ER stress, harvest day, and
stability is assessed across multiple formulations.
ER stress is evaluated during fed and batch culture
through mRNA biomarker profiling of two CHO cell
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lines producing different mAbs, assessing 11 genes
involved in ER stress responses. These profiles are
then compared between conditions and cell lines by
assessing the relationship between expression and
day of culture through linear regression analysis.
To establish the impact of culture on mAb stability,
aggregates and SVPs are quantified and compared
between heat stressed, fed material from an early (day
9) and late (day 13) harvest over three months.
Results and Discussion
Our results show inherent molecular differences
between fed and batch conditions for both cell lines
studied; with more genes significantly (P<0.05)
changing under batch conditions than fed. When
comparing biomarker profiles under fed conditions,
the two cell lines elicit different ER stress responses,
with different combinations of genes changing
significantly over culture. Stability studies comparing
early and late harvest material show that the impact
of culture stress on mAb stability is product and/or
cell line specific; with late harvest material producing
higher SVP counts for all time-points and formulations
analysed, compared to that from the early harvest, for
one of the two mAbs studied. This work provides a
foundation for linking upstream biomarker profiling
to final product quality.

O12 - Analysing CHO cell translation
initiation during biopharmaceutical
production
Marina Castro-Rivadeneyra1, Ioanna Tzani1, Paul Kelly1, Scott Kuersten2, Niall Barron1 and Colin Clarke1
National Institute for Bioprocessing Research and Training, Fosters Avenue, Blackrock, Co., Dublin, Ireland.
Electronic address: Marina.Rivadeneyra@nibrt.ie
2
Epicentre, 5602 Research Park Blvd., Suite 200, Madison, WI 53719 (U.S.A.)
Email: Marina.Rivadeneyra@nibrt.ie
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Background and Novelty

Experimental approach

Biopharmaceuticals, such as monoclonal antibodies,
have revolutionized the treatment of a variety
of diseases, including cancer. Chinese hamster
ovary cells (CHO) are utilized as the expression host
for the production of ~70% of all complex
recombinant proteins therapeutics. In the years
since the publication of the first CHO cell genome,
efforts to understand the biological factors leading
to efficient cell factories have gathered pace.
Harnessing
new,
exciting
next
generation
sequencing (NGS) methods has the potential to
provide an ever-deeper understanding of CHO cell
biology. One such technique, ribosome footprint
profiling (RiboSeq), can capture a snapshot
of active translation across the genome and
provide a single nucleotide resolution analysis
of protein synthesis. Translation initiation is a
tightly regulated step, critical for the accurate and
timely gene expression. It is controlled by the interaction
of initiation factors and specific mRNA motifs,
which is a step that remains to be fully understood.
Also, although almost 50% of mammalian
mRNA transcripts are predicted to contain
upstream open reading frames, their presence
is
not
always
experimentally
confirmed
and their potential functional role is not fully
characterized.

CHO cells were cultured for two days at 37°C and
exposed to mild hypothermia (31°C) for the next 24
hours. Cells were briefly treated prior to lysis with
harringtonine. Harringtonine is a translation initiation
inhibitor -an alkaloid that enriches for ribosomes
located at translation initiation sites -. Following
cell lysis and monosome isolation, the ribosome
protected fragments were captured and converted
to DNA libraries for next generation sequencing.
Bioinformatics analysis of sequencing data enabled
the recognition of translation initiation sites the CHO
cell genome and the quantification of differences
in the translatome following the induction of mild
hypothermia.

In this study we focus on utilizing RiboSeq to study,
for the first time, global translation initiation in CHO
cells - a crucial biological process for efficient
recombinant protein production.

Results and Discussion
We utilized ribosome footprint profiling of
harringtonine treated CHO cells to survey translational
initiation differences induced by the widely utilized
“temperature shift”. The resulting data has unveiled
another layer of the complex regulation of CHO cells
during recombinant protein production and enabled
improved characterization of translation initiation
sites across the Cricetulus griseus genome.
Acknowledgements
We gratefully acknowledge funding from Science
Foundation Ireland (grant refs SIRG 13/SIRG/2084 and
15/CDA/3529).
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O13 - Bioprocess engineering of insect
cells for enhanced Gag-VLPs production
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Background and Novelty
Insect cells have been widely used for recombinant
protein production, mostly using the insect cellbaculovirus expression vector system (IC-BEVS).
Stable expression in such hosts has been increasingly
explored to circumvent baculovirus-related issues,
but the protein titers achieved are still seemingly low.
Bioprocess optimization schemes are therefore critical
to increase productivities. In this work, we implemented
an innovative site-specific recombination strategy
based on flipase-mediated cassette exchange (RMCE)
technology to establish reusable insect cell platforms
for fast production of enveloped virus-like particles
(VLPs). To improve production yields in developed
stable cell lines, bioprocess engineering schemes
were designed: adaptive laboratory evolution to
hypothermic culture conditions, and supplementation
with productivity enhancers.
Experimental approach
Stable Sf-9 and High Five cells tagged with eGFPfused Gag protein were adapted to hypothermic
culture conditions (22°C) by sequential sub-culturing
over 2-3 months. Cell cultures were supplemented
with chemicals known to promote expression of
recombinant proteins in mammalian cells systems,
sodium butyrate (NaBu) and dimethyl sulfoxide
(DMSO). In addition, the generated adapted insect
Sf-9 cell line was then pseudotyped with Influenza
HA protein and their performance benchmarked
against standard culture conditions and IC-BEVS for
production of Gag-HA VLPs. Production of HIV GagVLPs was scaled-up as proof-of-concept in 0.5 L
stirred-tank bioreactors. The VLPs produced will be
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characterized by Transmission Electron Microscopy
(TEM) and Nanoparticle Tracking Analysis (NTA).
Expression of Gag and HA protein will be assessed by
ELISA, SDS-PAGE and Western blot.
Results and Discussion
Under hypothermic culture conditions, adapted Sf-9
cells expressed up to 30-fold more HIV Gag-VLPs
than non-adapted cells. The element driving such
increase in productivity is the adaptation process
and not the temperature shift as the latter alone
leads to lower production yields. A more modest
increase in productivity (up to 7-fold) was observed
when supplementing non-adapted cell cultures with
productivity enhancers NaBu and DMSO. Noteworthy,
no synergistic effect was observed when combining
adapted cells and supplementation with productivity
enhancers.
The generated adapted insect Sf-9 cell line pseudotyped with influenza HA protein show higher protein
production compared to standard insect cells at 27ºC
but still lower production compared to the baculovirus
system. To improve production yields in the adapted
stable cell lines a perfusion system is currently being
implemented using XCell™ATF system technology in
other to achieved higher cell densities and thereafter
higher protein productions.
Overall, this insect cell platforms and bioprocess
engineering strategies herein assembled have the
potential to be used in VLP-based vaccines as well
as receptor display particles for drug screening or
antibody discovery.

O14 - Engineering of exosomes for
targeted delivery of therapeutic microRNAs
Nikolas Zeh 1, Helga Schneider 1, Benjamin Weis 1, Silke Wissing 2, Nicole Faust2, Kerstin Otte1
University of Applied Sciences Biberach ; 2 CEVEC Pharmaceuticals
nikolas.zeh@gmx.net
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Exosomes are small membrane vesicles secreted from
most cell types. They contain a range of proteins,
lipids, mRNAs and microRNAs (miRNA) and are
naturally taken up by cells in order to deliver these
contents to recipient cells. Increased understanding
of this process as well as advances in bioengineering
has led to investigations into the use of exosomes as
targeted vehicles to transport therapeutic non-coding
RNAs, proteins or drug molecules directly across
cellular barriers into recipient cells. miRNAs are small
non-coding RNA molecules, which play a key role in
mediating biological function due to their prominent
role in gene regulation. Deregulation of miRNAs is
a common feature in cancer, suggesting that these
molecules could serve as targets for therapeutic
intervention by restoring or inhibiting their cellular
function. However, various biological barriers
including in vivo nuclease degradation, fibrous nature
of tumors, and miRNA-induced immune response
drastically hinder their bioavailability. In the context
of these complex settings, exosomal delivery may
display a novel strategy for targeted delivery of RNA
therapeutics.

blotting and electron microscopy. In order to be able
to visualize exosomes and track targeted delivery in
subsequent experiments, we engineered CAP cells
to stably overexpress a CD63-GFP-fusion protein.
This overexpression of a fluorescent transmembrane
protein present on exosomes enabled the tracing
of produced exosomes using flow cytometry. To
functionally analyze isolated exosomes regarding
their potential to delivery small therapeutic agents,
these fluorescently labeled exosomes were further
engineered to overexpress therapeutic, pro-apoptotic
and control miRNAs by stable genome integration
into CAP parental cells. Resulting preparations of
engineered exosomes were analyzed for modified
miRNA content in comparison to parental cells using
qPCR. Currently the cells are further engineered to
overexpress modified surface receptors to facilitate
targeted uptake by tumor cells. Fluorescently labelled
exosomes carrying therapeutic miRNAs and surface
receptors will finally be co-cultured with target cells
to analyze the potential of engineered exosomes
to crossing membrane barriers and reliably deliver
therapeutic miRNAs to recipient cells.

We have recently identified and characterized novel
pro-apoptotic miRNAs (1,2), which are down-regulated
in cancer cells suggesting promising potential for
therapeutic approaches. In the current study we
conducted an initial evaluation of the novel concept
to enable targeted delivery of small therapeutic RNAs
using exosomes as biological transport systems.
CEVECs amniocyte production cells (CAP) are utile
human expression hosts highly suitable for the
production of glycosylated biotherapeutic proteins.
However, there are currently no reports as to whether
this human cell line may as well produce extracellular
vesicles suitable for targeted delivery of therapeutics.
In order to evaluate these cells as production hosts
for exosomes, we initially cultivated parental CAP cells
and were able to isolate exosomes by centrifugation.
Exosomal preparations were examined for vesicle
identity, size, morphology and concentration using
dynamic light scattering, flow cytometry, western

The current study pursues the novel therapeutic
concept of using exosomes as delivery vehicle for
small non-coding RNAs molecules. We present data
which assess for the first time the potential application
of exosomes produced by a human production host
for biotherapeutics. In addition to these current
engineering and delivery approaches, future
application of this cell therapy will heavily depend
upon mass production of these delivery vectors
and production issues will therefore gain increasing
importance.
1 Kleemann M, et al. (2016) Investigation on tissue specific
effects of pro-apoptotic miR-147b as a potential biomarker
in ovarian cancer prognosis. Oncotarget 8 (12), 18773-18791
2 Flum M, et al. (2017) miR-217-5p induces apoptosis
by directly targeting PRKCI, BAG3, ITGAV and MAPK1 in
colorectal cancer cells. J Cell Commun Signal,
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Background and Novelty

Results and Discussion

Influenza vaccines are still mainly produced in chicken
eggs, which represent some drawbacks regarding long
lead times (several months) and a limited production
capacity in case of influenza pandemic. Innovative
bioprocesses using suspension cells at high cell density
would allow for the rapid and efficient production of
influenza vaccines [1, 2]. Here, we report on a new
porcine suspension cell line (PBG.PK-21, ProBioGen)
producing high influenza A virus titres when cultivated
at high cell density in perfusion mode.

In batch mode, PBG.PK-21 cells were able to grow
to cell concentrations of up to 8 x 106 cells/mL. In
perfusion mode, cell concentrations up to 4.2 x 107
cells/mL were achieved with a viability higher than
95%. A lower specific growth rate of 0.017 h-1 was
observed in perfusion mode compared to batch
culture (0.023 h-1). This might be due to increased cell
stress from intensified sparging using an L-sparger.
Next runs will be performed with a microsparger to
verify this hypothesis. A similar glucose uptake of
0.051 mmoL/106 cells was observed for perfusion
and batch mode. After optimization of influenza A
virus production, titers up to 4 log (HAU/100 µL) were
obtained in perfusion mode. A cell-specific productivity
of 4800 virions/cell was successfully maintained in
high cell density compared to batch mode production.
The glycosylation profile of influenza A/PR8/34 virus
produced in PBG.PK-21 cell line was also determined
and will be compared to profiles of other cell lines.

Experimental Approach
PBG.PK-21 cell growth, metabolism and virus
production were characterized in shake flasks and
bioreactors. Cells were grown in 0.6 L working volume
stirred tank bioreactors (Dasgip reactors, Eppendorf)
using the chemically-defined CD-U5 medium
(ProBioGen). For high cell density cultures, the hollow
fiber based perfusion system ATF2 (Refine) was used.
Based on a cell-specific glucose consumption rate,
a feeding scheme was established with a controlled
perfusion rate of 0.07 nL/cell/day.
Influenza virus (A/PR/8/34 (H1N1), from Robert Koch
Institute adapted to MDCK cells) was first adapted to
PBG.PK-21 over four passages (adapted seed virus
titer: 2.02 x 109 virus/mL). Cells were infected at a cell
concentration of 4.2 x 107 cells/mL with a multiplicity
of infection (MOI) of 10-3 and a trypsin activity of 30 U/
mL. Virus titers were determined by hemagglutination
assay (HA) and TCID50.
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Overall, this new cell line allowed to produce very
high influenza titers with a similar cell-specific virus
yield in batch and perfusion mode using a scalable
ATF2 system. Accordingly, suspension PBG.PK-21 cells
should be considered for next generation intensified
processes for influenza vaccine manufacturing.

[1] Genzel, Y., et al., Vaccine, 2014. 32(24): p. 2770-81.
[2] Vázquez-Ramírez D., et al., Vaccine, 2018, https://doi.
org/10.1016/j.vaccine.2017.10.112
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Background and Novelty
Influenza virus seasonal epidemics, associated with
the constant threat of new pandemic outbreak,
challenge vaccine manufacturers to develop
responsive processes that can outreach the limitations
of traditional egg-based technology. Recent progress
made regarding cell culture bioprocesses allowed for
numerous alternative strategies to developed future
vaccine candidates, as for example the recombinant
HA or Virus—like Particles (VLP) vaccines. However,
while cell culture allows for more versatility than
ovoculture,
regarding
process
development
and monitoring, these alternatives still require
optimization to seriously concurrence the traditional
process. In order to drive these developments, WHO
and regulatory agencies underlined the need for
developing better influenza vaccine potency assays1,2.
Actually, influenza vaccine formulation and lot release
rely on single-radial immunodiffusion (SRID) assay,
which requires strain-specific reference sera and
antigen reagents. However, the annual preparation
of these reagents takes between 2 to 6 months and
constitutes a critical bottleneck for the release of
vaccine lots3,4. Additionally, SRID is not implementable
for process development as such technique cannot
handle in-process low concentrated and non-purified
material We developed an assay for rapid and labelfree quantification of influenza hemagglutinin (HA)
antigens and influenza viruses based on surface
plasmon resonance (SPR). To our knowledge, this is
the first reported use of SPR as an analytical tool for
evaluating viral production kinetics
Experimental approach
The method is based on affinity capture of
hemagglutinin antigen by sialic-acid terminated
glycans present at the surface of the fetuinfunctionalized sensor. Conditions were optimized for
the regeneration of the surface, in order to run multiple
sequential analyses on a unique sensor. Different
types of standards, representing in-process material
generated a different stages, were used during the
development of the assay. Commercial trivalent

inactivated vaccine (“TIV”) and split-inactivated H1N1
virus have been used for the determination of optimal
analytical conditions. Additionally, influenza H1N1
virus samples derived from infected MDCK cell culture
supernatants were processed onto the sensor to
evaluate viral production kinetics.
Results and Discussion
This assay offers a quantification of influenza
hemagglutinin within minutes with a wide dynamic
range (30 ng HA/mL-20 µg HA/mL). Also, the technique
provides a limit of detection (LOD) 100 times lower
than SRID, as well as a better reproducibility than SRID
and its potential alternatives recently proposed (<5%
RSD vs 6-15%)1,5. Such a test also allowed to achieve
a LOD <106 Infectious Viral Particles/mL. Finally, the
applicability of this assay for in-process monitoring of
influenza vaccine production has been validated by the
determination of influenza viral production kinetics
in good correlation with traditional viral infectivity
assays.Thus, our assay provides an innovative tool to
evaluate influenza new vaccine bioprocesses, from
viral production kinetics in mammalian cell culture
to vaccine potency evaluation. We aim to further
develop our affinity-based SPR assay as an effective
on-line monitoring tool for the direct characterization
of influenza production kinetics in vaccine upstream
processes.

[1] Thompson CM, et al. Analytical technologies for influenza
virus-like particle candidate vaccines: challenges and
emerging approaches. Virology Journal 2013;10:141.
[2] WHO Global Influenza Programme. Influenza Vaccine
Response during the Start of a Pandemic. Geneva,
Switzerland: 2015.
[3] Minor P. Assaying the Potency of Influenza Vaccines.
Vaccines 2015;3:90–104.
[4] EMA/EDQM. Joint EMA/EDQM workshop on improved
potency assays for inactivated influenza vaccines. meeting
report 12 Dec 2011. 2012.
[5] Kuck LR, et al. VaxArray assessment of influenza split
vaccine potency and stability. Vaccine 2017;35:1918–25.
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Background and Novelty
Viruses are major pathogenic agents that can cause
a variety of serious diseases. Due to their clinical and
scientific importance they are under intensive study,
being the development of new antiviral agents and
vaccines major components of this effort. Viral systems
also provide the most efficient tool for gene delivery
due to their attractive features such as high efficiency
of transgene delivery and sustained expression both
in quiescent and non-quiescent cells.
Both clinical and research applications for virus
and viral vectors require reliable fast detection and
quantification assays. However, current methods are
extremely time-consuming, lack high-throughput
potential and/or require the use of reporter genes
(label-containing virus), unacceptable in a clinical
context. As so, there is an urgent need for labelfree virus quantification systems. Herein, we report
the development of genetically encoded switch-on
fluorescent biosensors for detection and quantification
of label-free viruses – VISENSORS.
Experimental approach
Structural distortion maintains these stably expressed
biosensors in a non-fluorescent state. Upon cell
infection, viral protease activity – thus a label-free
system – relieves the distortion and biosensors’
fluorescence is triggered. As a proof-of-concept,
these biosensors were developed for detection and
quantification of Adenovirus, a major healthcare
burden but also, when engineered, the main vector
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in gene therapy applications. Different designs of
structural distortion – whether performed on Green
Fluorescent Protein (GFP) or on split-GFP fragments
– were optimized by means of molecular biology and
fully characterized by fluorescence microscopy and
flow cytometry for increased throughput screening.
Results and Discussion
Biosensors relying on structural distortion of GFP
chimeras were first characterized in transient
conditions and confirmed to be specifically activated
by the adenoviral protease. When stably expressed in
HEK 293 cells, these biosensors can be used for live-cell
monitoring of adenovirus infection. While the “gold
standard” plaque-forming assays can last up to 14 days,
a rapid, easy and reproducible flow cytometry-based
assay allows quantification of label-free adenovirus as
soon as 48 hours post-infection. Limit of detection was
estimated to be as low as 105 infectious particles per
mL, in-line with similar assays using labeled viruses.
Additionally, successful modification of the biosensor
for detection of HIV-1 protease activity showed its
potential for quantification of other replicative virus.
Biosensors relying on structural distortion of splitGFP fragments showed, under transient conditions,
to have increased sensitivity and dynamic range. As
such, their characterization in stable conditions is
being evaluated. VISENSORS will deliver fast and
accurate detection and quantification of clinically
relevant label-free virus and viral vectors, allowing the
establishment of new cellular platforms for diagnostic
and clinical applications.
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Background and Novelty
For the central nervous system (CNS) it is crucial to
maintain a stable microenvironment. Hence, it is safe
guarded by the highly dynamic blood brain barrier
(BBB). Consisting of specialized microvasculature
endothelial cells, pericytes and astrocytes, the BBB
selectively controls passing of molecules from the
blood into the CNS, thereby posing the major hurdle
for most neuropharmaceuticals. In the upcoming
decades, western countries will face an increase in agerelated diseases, mainly CNS-related. Unfortunately,
CNS drug development is associated with a high failure
rate in phase III clinical trials (>50%) highlighting the
demand for increased R&D productivity at earlier
stages, prior to preclinical testing in animal models.
Stressing the demand to increase R&D productivity
already at the early stage of drug development prior
reaching animal trials. However, no suitable BBB in
vitro test system is currently available.
Therefore, our aim is to develop a 3D microfluidic BBB
model, of which every component, including the cells,
should be scalable.
Experimental approach
In this collaborative project, InSCREENeX tasks are
the development of immortalized human brain
microvascular endothelial cells (hBMEC), human
pericytes (hPC) and human astrocytes (hAS) to
generate the cellular core unit of this 3D-BBB-on-achip. For this purpose, the respective primary cells
were immortalized via the CI-SCREEN technology
(Lipps et al., 2018). It allows and unlimited expansion of
primary cells via a lentiviral vector library encoding 33
genes involved in various cellular processes like cellcycle progression, apoptosis, maintenance of stem cell

3)

Institute for

properties, or are known to achieve immortalization in
specific settings.
Results and Discussion
As a proof of concept, the three cell types were
successfully immortalized initially from porcine brain.
Next, immortalization of hAS resulted in 8 stable
lines currently under investigation with a population
doubling time (Pd) ranging from 1.8 to 3.5 days and
reaching 30 cumulative population doublings after
70-120 days. In comparison primary hAS reached a
population doubling of 3 days and turned senescent
after 50 days. These astrocyte lines show variations
in specific markers on mRNA and protein level for
e.g., GFAP, glutamine synthetase, GLAST/EAAT1 and
S100β. Further selection of candidates will be done
via functional evaluation.In case of hBMEC, 10 stable
lines are in the process of characterization with a
Pd of 2.5 days and reach 30 cumulative population
doublings after 80-100 days. They display typical
cobblestone morphology and show the classical
endothelial markers CD31, CD105 and CD146 as well
as CD309/VEGFR2 in flow cytometry. Further selection
of cell lines will be based on differences in ZO1 and
CLN5 expression. The here mentioned cell lines can
be cryopreserved and show no sign of senescence or
crisis even during extended cultivation. Currently on
going, is the immortalization of hPCs. The results so
far look promising that the here presented cell lines
could pose a reliable cell source for the cellular core
unit of the microfluidic 3D-BBB-on-a-chip model.
References
Lipps, C. et al., 2018. Expansion of functional personalized
cells with specific transgene combinations. Nature
Communications, pp.1–12
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Shan-Hua Chung 1, Stella Tournaviti
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Background and Novelty

Results and Discussion

We have established a platform for production of
complex format CrossMab bispecific antibodies in
stable CHO cell lines. CH1-CL exchange in one of
the Fab domains, together with the knob into hole
principle, significantly improves correct assembly
by preventing undesirable side products. We
continuously optimize our process in order to yield
the maximal fraction of the main product.

Case studies showing the importance of the interplay
of large clone statistics and high quality assays will be
the focus of this presentation. The optimized process
focuses on the identification of the parental clones
that are able to express and correctly assemble the
molecule. This was achieved by combinatorial clone
profiling by batch and fed batch based on analytical
monitoring (CE-SDS & SEC) of product quality.
Targeted subcloning of the best parentals returned
significantly more and better (product quality and
titer) clones in comparison to the standard process
and therefore enabled the development of such a
complex molecule. In this study, an optimized cell
line development process is shown and required for
enabling the development of a novel next generation
bispecific molecules, the assymetric CrossMab +
fusion protein.

Experimental approach
Optimized plasmids are used for expressing optimal
levels of the different subunits. Automated clone
generation and screening as well as High Throughput
Screening (HTS) compatible target binding assays
enable us to screen a large amount of clones. Several
analytical methods are used to monitor titer and
product quality at all stages of clone screening.
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Background and Novelty
Over the past decade, Chinese Hamster Ovary (CHO)
cells have emerged as the most prominent cell line
used in biopharmaceutical production. Although
optimisation efforts have resulted in increased
productivity, the yield obtained from CHO cells is
still considerably less than that of other expression
systems, for example, yeast or bacteria. Targeted
genetic engineering is becoming a powerful tool to
improve yield and generate beneficial bioprocess
phenotypes that have the potential to improve the
overall biopharmaceutical productivity of CHO cells.
Functional genomics is used to identify gene function,
in particular through the assessment of cellular
phenotypes by altering copy number of a gene,
mRNA or protein. This is achieved by either ‘gain
of function’ or ‘loss of function’ analysis. Clustered
Regularly Interspaced Short Palindromic Repeats or
‘CRISPR’ technology is at the forefront of biological
research. It is a common defense system seen in ~39%
of bacteria and ~88% archaea. It is being considered
revolutionary as it has the ability to recruit a protein
(Cas9) to an exact genomic locus, through the
design of a speciﬁc short complementary nucleotide
sequence, that combined with a common scaffold
sequence, constitute a guide RNA bridging protein
and DNA. This can induce double strand breaks (DSBs).
These DSBs can result in insertion or deletion (indels)
of base pairs that in turn disrupt gene function. Due to
the unique mechanism of the CRISPR/Cas9 system, it
provides high target specificity and is applicable for a
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wide range of methods. These include basic targeted
knockouts of genes to advanced whole genomic
screening using library based methods to overcome
pitfalls in RNAi libraries. This project focuses on
using a CRISPR generated library to target genes and
generate clones with complete knockouts of that
target gene. A CHO-K1 cell line stably expressing an
IgG was used for these knockout experiments.
Experimental Approach
A CHO-K1 cell line expressing a mAb (IgG) as well as
Cas9 was used with the aim to introduce a CRISPR
library consisting of 87,897 sgRNAs targeting 19,150
genes in mus musculus. Clones of this cell line were
characterized and the best performing clone was
selected as well as transfected with the CRISPR
Library. The transfected cells were then expanded
and analysed for copy numbers. Selection pressure
was applied to select the mixed population for either
a loss of a gene, which leads to cell death, or cell
survival. Stress exposure was created using NaBu
and hyperosmolality. Gene enriched analysis (to be
completed).
Results and Discussion
Knockouts of the target gene were successfully
generated using the CRISPR Library approach. The
next step involves the investigation of genes which
lead to increased productivity. Surface mAb analysis
could also be used to select for high producing cells.

P3 - Expediting upstream stages of
protein biomanufacture through the
use of Ubiquitous Chromatin Opening
Elements – UCOEs®
Bethany McCloskey1*, Joe Orlando2, Kimberley Mann2, Michael Antoniou1
Department of Medical and Molecular Genetics, Kings College London
MilliporeSigma, Bedford MA USA
* Bethany.mccloskey@kcl.ac.uk
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Background and Novelty
The main rate-limiting step in the upstream stages of
protein biomanufacture is the isolation of stable, high
producing cell clones. Ubiquitous Chromatin Opening
Elements (UCOEs®) consist of at least one promoter
region with associated methylation-free CpG island
from housekeeping genes; they possess a dominant
chromatin opening capability and thus confer stable
transgene expression. UCOE®-viral promoter (e.g.
CMV) based plasmid vectors markedly reduce the time
it takes to isolate high, stably producing cell clones.
Although some UCOE®-viral promoter combinations
have been tested, they have not been thoroughly
evaluated in Chinese hamster ovary (CHO) cells.
Further to this, improvements in plasmid vector design
through the addition of transcription termination
elements as well as intronic elements may improve the
efficiency of transcription termination and splicing,
thus increasing levels of protein production.
Experimental approach
Plasmid vectors containing combinations of either
the human HNRPA2B1-CBX3 UCOE® (A2UCOE®) or
murine Rps3 UCOE® linked to different viral promoters
(hCMV, gpCMV, SFFV) driving expression of an
eGFP reporter gene were functionally analysed by

stable transfection into CHO-K1 cells and expression
analysed by flow cytometry and qPCR to determine
vector copy number. Experiments were replicated with
different transcription termination elements (CoTC
and pause type). Further to this extended introns of
the CMV promoter were tested with either dual or
single antibody cassette and expression analysed by
ELISA and qPCR.
Results and Discussion
The results at 21 days post-transfection and selection
clearly indicate that the Rps3 UCOE®-gpCMV and
-hCMV combinations give the highest transgene expression. The SFFV promoter linked with either of the
two UCOEs® was the least effective with expression levels 17-fold lower than the Rps3-CMV constructs. The
Rps3 UCOE®-hCMV construct has been further modified to include transcription termination elements. The
Pause-type termination element clearly came out on
top after mRNA levels were analysed. Extended CMV
promoters are also being tested and protein titres
measured.
Neville JJ, Orlando J, Mann K, McCloskey B, Antoniou MN.
(2017) Ubiquitous Chromatin-opening Elements (UCOEs):
Applications in biomanufacturing and gene therapy.
Biotechnol Adv. 35: 557-564.
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Background and Novelty
The cells line more used in pharmaceutics industry for
r-protein production is Chinese Hamster Ovary (CHO).
This one is characterized for to do glycosylation
with high similitude grade when is compared with
human protein. Nevertheless metabolism problems
exist. These problems affect cell viability and,
as a consequence, r-protein’s specific (qp) and/
or volumetric productivity (Qp). The high glucose
consumption rate accompanied for a low carboxylase
and dehydrogenase pyruvate activity results in carbon
deviation towards lactate synthesis. Several efforts
have been made for prevent the lactate accumulation.
In order to slow down the cellular metabolism, genetic
mutations in key enzymes of glycolytic metabolism,
substitution of carbon source for slowly metabolizables
sugars, mild hypothermia, among others, have been
done. Recent studies suggested that overexpression
of global regulation factor c-Myc, together with the
optimization of culture conditions; allow improving
the cell growth and glucose metabolism efficiency
in processes based on CHO cell culture. However,
according to the literature reviewed, the effect of
overexpression of c-myc on the productivity (qp and
Qp) of r-proteins in CHO cells hasn’t been evaluated.
Experimental approach
rh-EPO producer CHO cells were randomly
transfected
with
pCDH-puro-cMyc
(addgene,
#46970), lipofectamine® was used, in accordance
with the manufacturer’s instructions. After that, the
cells transfected pool was selected used puromicyn
for the selection during two weeks. Later the clones
were selected and incubated for 72h in 37ºC, 5%CO2
in a humidified incubator, for each clon the human
recombinant protein was measured from supernatant,
using ELISA kit (RayBio®, RB.ELH-EPO-1) in accordance
with the manufacter’s instructions. The better producer
clones were selected and culture them in Hyclone
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(SFM4CHO) serum free, with 20mM Glc and 4mM Gln
in spinner flask at 60rpm. The culture control (CC) was
rh-EPO CHO cells without transfect. The cultures were
stopped when viability arrive to around 70%.
Results and Discussion
Ten clones were isolated. Through preliminary
screening, the three clones with the highest
concentration of rh-EPO at 72h of culture were
selected (CCL1, CCL2 y CCL3). Subsequently, cultures
were realized by duplicate and characterized in terms
of growth, metabolism and production. CCL1 showed
a 30% increase in the maximum growth rate and
a 70% increase in the maximum cell concentration
compared to the CC. However, both qp and Qp
decreased by 85% and 75%, respectively, in relation
to the CC. CCL2 showed a more moderate increase
in the specific growth rate (13% above the control)
and 15% in the concentration of cells. Additionally, an
increase of 23% in Qp was determined. While there
was an increase in cell concentration, no changes in
qp were observed. CCL3 presented a performance
similar to CCL2. It has been reported that cmyc
has a positive effect on cell growth associated with
greater efficiency in the consumption of glucose and
glutamine by the cells; promoting anabolic pathways
that favor cell proliferation. This behavior was evident
in cultures carried out as much more moderate
glucose consumption and an increase in consumption
of glutamine was observed. Additionally, CCL2
showed a decrease in lactate production rate close to
50% compared to the CC.
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Background and Novelty
In recent years, the biopharmaceutical industry has
achieved considerable increases in the annual sales
of therapeutic proteins, reaching annual worldwide
sales of US$180Bn in 2015. The increased demand
for protein-based biopharmaceuticals has driven the
search of more productive and efficient processes.
Today, the main platform for manufacturing protein
biopharmacetuicals is based on Chinese hamster ovary
(CHO) cells, mainly due to their capacity of performing
human-like post-translational modifications. The
productivity for some proteins remains low, leading to
the concept of difficult-to-express proteins. Decrease
culture temperature has been used as strategy
to increase the productivity of CHO cell systems,
albeit at the expense of decreased cell proliferation.
Decreased culture temperate also leads to changes at
transcriptional level that may provide valuable insight
for future cell line design. The aim of the current study
was to evaluate the impact of low culture temperature
on the culture performance and CHO cell metabolism
and how the regulation of two global transcriptional
regulators (c-myc and xbp1s) is related to cell growth
and protein processing in two CHO cell lines, which
present a proliferative and productive phenotype. This
study was based on the recent publication Torres et
al. (2018).
Experimental approach
Two clones of CHO cells (produce anti-TNFα) were
selected based on their capacity of proliferation (CN1)
and production (CN2). Cells were cultivated in spinner
flasks using 120 mL BalanCD medium supplemented
with 4 mM glutamine at 37° or 33° or 31°C. Cell
number and viability, anti-TNFα production and
mRNA expression of anti-TNFα, c-myc and xbp1s were

evaluated. Principal component analysis (PCA) and
hierarchical cluster analysis (HCA) were performed
using the physiological parameters to evaluate cell
behavior in culture (Torres el at. 2018).
Results and Discussion
Low temperature improved cell viability, prolonging
the growth phase in all cases and increased the gene
expression of the recombinant anti-TNFα and the
production of anti-TNFα in both clones. Both clones
reached higher viable cell densities at 33 or 31 than
at 37°C. CN2 showed greater production of anti-TNFα
than CN1 and these differences were mainly associated
with increased amounts of recombinant mRNA. Direct
correlations between the mRNA expression of c-myc
and maximal viable cell density, and between the
mRNA expression of xbp1s and anti-TNFα specific
productivity were observed in both clones under mild
hypothermia. The upregulation of c-myc under mild
hypothermia coincided with improved cell growth and
viability of CN1 and CN2. The increased expression of
xbp1s at low temperature may respond to the large
anti-TNFα production, particularly in CN2 at 31˚C.
A simultaneous metabolic shift from production to
consumption of lactate and from consumption to
production of glutamine was observed in CN1 and
CN2, which was exacerbated by reducing culture
temperature and coincided with the increased antiTNFα production. Currently, these findings are being
evaluated in fed-batch cultures to determine if these
genes can be valuable metabolic indicators of highly
productive processes.
Torres M., et al. (2018) Mild hypothermia upregulates myc
and xbp1ss expression and improves anti-TNFα production
in CHO cells. PLOS ONE 13(3): e0194510. https://doi.
org/10.1371/journal.pone.0194510
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P6 - A PiggyBac based stable pool
platform for rapid monoclonal antibody
production: an alternative to transient
material supply
Dana Moreno Sanchez1, Monica Lopez Puerta1, Russ Ernst1, Qi Liang1, Allan Bradley1, Karen Dickson1, Claire Pearce1
1) Kymab Ltd

Background and Novelty
Chinese Hamster Ovary (CHO) cells are the production
system of choice for monoclonal antibody material
supply for discovery, research and early development
purposes. Across these stages there are a decreasing
number of potential lead molecules (>100 to <5)
with increasing material requirements (ug to gram
amounts). For such pre-clinical material supply,
transient transfection platforms are widely chosen
as they have the advantage of being much more
rapid and high throughput than stable transfection
methods, which are time and resource intensive.
However, the disadvantages of transient methods
include lower expression, inherent variability and thus
an inability to predict poor stable expression, which is
integral to mitigate project delays during stable cell
line development (CLD). Additionally, with the varying
material requirements at the different pre-clinical
stages, repeat production batches are invariably
required which necessitates time consuming largescale DNA preparation.
PiggyBac (PB) systems utilize a PB transposase to
introduce a gene of interest, flanked by inverted
terminal repeats, stably into TTAA chromosomal sites.
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This project aims to utilize this technology to generate
a stable pool based material supply platform that is
rapid, high yielding, robust and predictive of CLD
outcomes.
Experimental approach
We have successfully developed a PB based rapid
material supply (pbRMS) platform that yields stable
pools within 7-12 days which produce the same
or greater titre as our current transient platform
in a comparable timeframe. In addition, we have
demonstrated that these stable pools maintain an
equivalent titre following scale up and a freeze thaw
cycle which will allow for a significantly less timeconsuming repeat material supply process.
Results and Discussion
Our results suggest that this pbRMS platform is rapid
and robust, and offers a good alternative to traditional
transient methods. Moreover, this platform has the
potential to supersede transient platforms if yields can
be improved and predictability demonstrated; both of
these studies are currently ongoing.

P7 - Development of a robust CHO
transient expression platform for rapid
material supply
Jemima Paterson1, Monica Lopez Puerta1, Dana Moreno Sanchez1, Karen Dickson1, Alison Crowley1, Claire Pearce1
1)

Kymab Ltd

Background and Novelty
Chinese Hamster Ovary (CHO) is the cell line of choice
for therapeutic protein production from discovery
through to commercial production. Pre-clinical
material supply demands microgram amounts of up
to several hundred potential lead molecules through
to gram amounts of the top 2-5 lead candidates.
Transient gene expression (TGE) platforms offer a
rapid and cost-effective method for such material
supply with the throughput required. However, TGE
platforms can be very variable in terms of titre, cell
growth, productivity and product quality.
Experimental approach
Our goal was to take a relatively high expressing
in-licensed CHO based TGE platform and further
develop it to increase robustness using a Design

of Experiments approach, and evaluate scalability
from 2mL to 25L. Co‐transfection of heavy and
light chain DNA expression vectors into CHO3E7 cells
was performed, using PEIMax as a transfection vehicle.
Results and Discussion
Parameters within the transfection and posttransfection culture conditions were optimised to
yield a process that allowed for the removal of an
accessory vector previously identified as a significant
variable within the in-licensed process, without
sacrificing titre. Ongoing work is investigating the
impact of this process on platform robustness.
Expression and product quality of a variety of
proteins, including antibodies and non-mAbs, will
be determined at multiple expression volumes within
the 2mL to 25L range.
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Scientific background
Genetically engineered CHO cell lines are traditionally
used for the production of biopharmaceuticals.
However, an in-depth molecular understanding of the
mechanism of integration of transgenic DNA into the
CHO cell genome as well as the immense capability of
these cells for transgene expression is largely missing.
Next Generation Sequencing (NGS) holds great
promise for strongly facilitating the understanding
of CHO cell factories, as it has matured to a powerful
and affordable technology for cellular genotype and
phenotype analysis over the last years. The NGS
technique Targeted Locus Amplification (TLA; de Vree
et al. 2014) is based on crosslinking and amplification
of physically proximal genomic sequences and
thereby allows for the robust detection of the
genomic positions of transgene integration sites,
single nucleotide variants (SNVs) in the transgene
sequence and structural genomic changes occurring
upon stable integration of expression vectors.

performed according to de Vree et al. 2014 with
two sets of primers located within the expression
vector that amplified both the transgene as well as
the genomic flanking regions. TLA products were
sequenced by NGS on an Illumina NextSeq system.
Data analysis was performed in collaboration with
Genedata using partial BWA mapping of sequencing
reads to the CHO-K1 reference genome and split-read
peak detection.
Results and discussion

Experimental approach

TLA enabled the in-depth genetic characterization of
CHO-K1 manufacturing clones. Transgene integration
sites could be clearly identified and were found to
be associated with genomic rearrangements and
deletions in flanking regions. This allowed for a deeper
insight into the mechanisms of transgene integration
and furthermore enabled the identification of sister
clones. Interestingly, genomic fingerprints were
associated with specific metabolic profiles. Taken
together, TLA proved to be a valuable tool to support
and speed-up biopharmaceutical developments.

TLA was applied to generate comparative genomic
fingerprints of CHO-K1 clones expressing different
monoclonal antibodies. Briefly, experiments were

De Vree et al. (2014). Targeted sequencing by proximity
ligation for comprehensive variant detection and local
haplotyping. Nature Biotechnology. doi:10.1038/nbt.2959.
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P9 - Development of a flow cytometrybased high throughput screening
method to detect core-fucosylation
Martina Zimmermann, Aline Zimmer
Merck KGaA, Merck Life Sciences, Upstream R&D, Frankfurter Strasse 250, 64293 Darmstadt, Germany

Background and Novelty

glycans located on the cell surface.

Biological activity of therapeutic antibodies is highly
influenced by the glycosylation profile. A valuable
method to increase the efficacy of antibodies is the
reduction of core-fucosylation, which mediates an
improved elimination of target cells through antibody
dependent cell-mediated cytotoxicity. Cell culture
media supplementation is a main strategy to influence
the glycan profile. Generally, the resulting IgG
glycosylation profile is analyzed through highly time
and cost consuming methods like UPLC-MS. Therefore,
a fast screening method was developed to identify
potent compounds reducing core-fucosylation during
the IgG production process.

Results and Discussion

Experimental approach

Lens culinaris agglutinin, a fucose-specific lectin
coupled to fluorescein was used to label corefucosylated glycans on the cell surface and the mean
fluorescence intensity was detected through flow
cytometry. This approach is based on the hypothesis
that the total IgG fucosylation is similar to fucosylated

The efficiency of the developed method was confirmed
through correlation to the established UPLC-MS
glycan analysis. Several concentrations of known
fucose-analogues were analyzed on day 7, 10 and 12
of a fed-batch process leading to different amounts of
core-fucosylation. Correlation was detected on day 7,
10 and 12 with R2 of 0.92, 0.96 and 0.96, respectively.
These results indicate that flow cytometry-based
analysis may be used during the fed-batch process to
classify the response of CHO cells to the treatment.
Since LCA binds specifically to core-fucosylation,
changes within the other glycan main species are not
detected. Additionally, the method is not capable to
distinguish between different fucosylated species like
G0F and G1F. Thus, a screening with LCA does not
compensate for accurate glycan analysis, but is able
to anticipate the investigation process and thereby
minimize the samples for the expensive and time
consuming UPLC-MS analysis.
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Background and Novelty

Experimental approach

Therapeutic antibodies have shown great success
in the clinical sector in recent years, confirmed by
the number currently available on the market and
in development. Monoclonal antibodies (mAbs)
are the fastest growing class in the pharmaceutical
sector and have been exploited in many branches
of biomedical research. With the ultimate goals
of affordability, efficiency and public safety, the
clinical efficacy of mAbs still needs to be optimized.
The motivation for this research is therefore
to improve our ability to produce proteins of
appropriate quality and quantity. A key determining
factor of quality comes through the monitoring of
recombinant proteins; with a possible way towards
in-line quality control being the quantification
of the ratio of intra- and extracellular proteins
produced. Currently this is performed off-line,
jeopardising sterility and providing results on
extended timescales. It has recently been shown that
pulsed field gradient diffusion weighted nuclear
magnetic resonance (NMR) can be used to
non-invasively quantify the ratio of intraand extracellular proteins present in a typical
biopharmaceutical production line [1]. The primary
aim of this work is therefore to assess and develop
NMR based diffusion and relaxation techniques
to quantify intra- and extracellular protein
concentrations of a given solution and moreover
attempt to quantify aggregation behaviour.

BSA and IgG1 were prepared in different formu-lations
to represent the extracellular proteins. Concentrations
between 0 - 16 mg/ml were prepared and investigated
at 36°C on a 400 MHz spectrometer. The effects of
concentration on diffusion coefficients, T1 and T2
relaxation and spectral peak area are explored using
standard NMR pulse sequences combined with water
suppression. A CHO cell line was prepared in cell culture
broth for investigating the diffusion coefficients of the
intracellular proteins.
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Results and Discussion
The integration of WATERGATE solvent suppression
into T1, T2 and diffusion experiments allows for the easy
identification of the properties of the proteins, unmasked
by the large water signals typical of their formulation
buffers (see Figure 1). The proposed sequences are
particularly suited to aqueous macromolecules as the short
echo time afford less signal loss due to T2 weighting. T1 and
T2 constants are found to be independent of concentration
in the investigated ranges; a linear relationship is
seen between protein concentration and spectral peak
area, which allows for calibration curves to be developed;
the T2 of the water peak provides us with information on
aggregation due to dipole-dipole interactions and diffusive
exchange [2]; and lastly different components of the system
in a typical industrial bioreactor can be distinguished based
on the differences in their self-diffusion coefficients.

A)

B)

Figure 1: Stacked spectra of 16 mg/ml BSA in water
for a) a standard CPMG (Carr-Purcell-Meiboom-Gill)
sequence and b) a CPMG-WATREGATE sequence for
the determination of the T2 relaxation of the proteins.
Measured at 400 MHz and 36°C. For the standard
CPMG, the water peak at 4.8 ppm dominates the
spectrum and little information can be obtained from
the protein. For the CPMG-WATERGATE sequence,
the water signal is completely suppressed and clear

aromatic and aliphatic regions can now be seen.
References
[1] C.A. Waudby, M.D. Mantle, L.D. Cabrita, L.F. Gladden,
C.M. Dobson, J. Christodoulou, J. Am. Chem. Soc. 134 (2012)
11312–11315.
[2] B.P. Hills, S.F. Takacs, P.S. Belton, Mol. Phys. 67 (1989)
919–937.
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P11 - Cell on cell – functionally
immortalized smooth muscle cells as
building blocks for 3D tissues
Aileen Bleisch 1, Tobias May 1
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Background and Novelty
Muscle cells are very specialized. Their most important
function: rapid and efficient contraction. Especially
smooth muscle cells are involved in several, highly
prevalent diseases like pulmonary hypertension and
respiratory diseases as COPD and asthma. For these
indications novel effective drugs are required. To
develop new drugs, potential compounds have to be
comprehensively tested in vitro and subsequently in
animal models. However, the prediction accuracy of the
current models is limited: new drug candidates show
high attrition rates of ~ 90% in clinical phases. The
main reasons for failure are low efficiency and toxicity
of the respective compounds. This underscores the
urgent need for suitable human test systems, which
enable reliable statements on the drug effectiveness
in humans. These test systems have to mimic the
human physiology in vitro and have to be unlimited
available at the same time. Therefore, the aim of the
present study is to generate authentic smooth muscle
cell lines that can be used as building blocks to create
functional 3D muscle tissues in vitro and thus for the
development of more efficacious drugs.
Experimental approach
In a first step bronchial and pulmonary artery smooth
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muscle cell lines were established by the CI-SCREEN
technology. In this technology, a lentiviral gene library
is introduced into the respective primary cell and
induces unlimited cell expansion and at the same time
maintains the primary phenotype.
Results and Discussion
Primary smooth muscle cells transduced with this
gene library showed doubling times ranging from
2,3 - 3,1 days and reached 30 cumulative population
doublings after 70-95 days. In contrast primary
cells doubled circa every 7,5 days and stopped
proliferation completely after reaching 12 population
doublings. Characterization of the novel cell lines
displayed a typical spindle-like morphology and
showed the expression of smooth muscle specific
markers as alpha smooth muscle actin and calponin
1. Furthermore, intracellular calcium signaling
could be induced in smooth muscle cell lines by
agonist stimulation – an initial step for contractions.
These robustly proliferating smooth muscle cell lines
are promising tools to create novel in vivo-like assay
systems and will be used to establish 3D in vitro tissue
models for the drug development process.

P12 - Traceable Impedance-Based
Single Cell Cloning Using A New
Pipetting System
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Background and Novelty
Single cell cloning is essential in biotechnology and
regenerative medicine. Recent guidelines state that an
evidence of monoclonality shall be provided for every
cell line created (WHO, 2014). Consequently, there is a
need to move away from limiting dilution that requires
sub-cloning steps to ensure appropriate statistics.
Emergent solutions provide an immediate proof of
clonality but they are cumbersome, expensive and
require a change in existing workflows. Here, we report
a one-step cloning method using a novel pipetting
system combined with an impedance-based sensing
tip. This permits the efficient and traceable cloning of
single cells. Most importantly, this technology serves
the standards of the liquid handling industry.
Experimental approach
The procedure to isolate single cells is straightforward.
The system aspirates 20 µl of medium with 104 cells/
ml and then it moves to a well containing medium.
The system starts to dispense medium while recording
the impedance. When a single cell is detected, it stops
dispensing and the impedance is saved for traceability.
At the end of the experiment, each impedance
profile is examined. A single peak is the signature
of a single cell whereas multiple peaks result from
multiple cells. Culture dishes that do not meet the
quality control criteria are rejected. The system was
tested using fluorescently-stained mouse fibroblasts.
The procedure described above was repeated 144
times during a 50-minute period using 96-well plates.
Then, the device was used to sub-clone a CHO cell
line (CHO TNFR-Fc, GFP +) (Oberbek et al. 2011).

Thirty-five single cells were isolated with the system
and another 35 single cells were isolated by limiting
dilution in wells followed by confirmation using a
fluorescent microscope. Next, the system was tested
for its capacity to clone multipotent hair follicle stem
cells of the rat. Seven clones were obtained and five
were expanded in culture before being evaluated in
a transplantation assay (Claudinot et al., PNAS 2005).
Results and Discussion
Ninety-four wells were determined as containing a
single cell while the others were eliminated because
multiple peaks were detected. Each positive well was
then examined under fluorescent microscope for
the presence of a cell. Seventy-five wells contained
a single cell, whereas the other wells were empty.
This experiment demonstrated the robustness of the
impedance profile for quality control. Growing CHO
clones were obtained with both procedures. Six clones
of each group were further expanded in suspension
culture. All clones demonstrated growth to a high cell
density and viability and produced TNFR-Fc within
the same concentration range. In the stem cell assay,
two of the 5 clones contributed to the generation
of cycling hair follicles and sebaceous glands for
months as expected. Altogether, these experiments
demonstrate that the system does not impact stem
cell properties.
In conclusion, the single-cell pipetting system is
efficient, gentle with cells, disposable and it provides
a proof of clonality. Above all, it serves the liquid
handling industry standards, a feature that other
cloning procedures do not readily provide.
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Background and Novelty
Breast cancer (BC) is the second main cause of cancer related deaths for women and among them the
triple negative subtype (TNBC) represents a clinical
challenge by being associated with high mortality and
having no effective therapies against it. Accordinglly there is an urgent need to design more effective
drugs to treat this disease. Evidences suggest that the
Notch Delta-like-1 (DLL1) ligand has a role in breast
cancer. Notch signaling pathway is an evolutionary
conserved cell-to-cell communication system crucial
during breast development and tissue homeostasis.
DLL1 expression is undetectable in normal breast tissues, but moderate to high in breast cancer and recent
data showed that DLL1 silencing in TNBC inhibited
their carcinogenic potentials. Antibodies are efficient
therapeutics approved for the treatment of several
diseases, including cancer and our aim is to generate
a novel function blocking antibody against DLL1 with
therapeutic efficacy against BC, in particular against
the most aggresive BC subtypes.
Experimental approach
cDNA encoding human DLL1 full length extracellular
domain and the minimal binding region to the
Notch receptors were cloned into the pFUSE-Fc1IgG1 mammalian expressing vector. The DLL1 Fcfused proteins were expressed in HEK293E6 cells and
purified using chromatography techniques. These
proteins were used as targets for phage display to
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select specific scFv antibodies against DLL1 from the
Tomlinson I+J scFv library. The binding ability and
specificity of the selected scFv antibody clones to
DLL1 was evaluated by scFv-on-Phage ELISA. Positive
anti-DLL1 scFv clones were reformatted into IgGs and
their binding ability to recombinant and endogenous
DLL1 proteins are being evaluated by ELISA, SPR and
immunoblotting. Specific cell binding of anti-DLL1
IgGs will be assessed by FACS using DLL1 overexpressing cells.
Results and Discussion
Our strategy allowed us to obtain pure (>90%) and
stable DLL1-ECD-Fc and DLL1-EGF3-Fc. Functional
studies performed in human breast cancer MCF7
cells showed that both ligands are biologically
active as they increased the expression of the
Notch-dependent genes HES-1, HEY-L and HEY1. Recombinant DLL1 proteins were used to select
for monoclonal antibodies by Phage Display and 16
unique scFv positive antibody clones with high affinity
towards DLL1 were identified. Our binding assays
allowed us to identify 4 anti-DLL1 IgGs with high
affinity towards recombinant DLL1 proteins and other
4 with lower affinity. These are promising data and
our next step consists in characterizing the anti-DLL1
ability to recognize endogenous DLL1 protein in cells.
The capability of anti-DLL1 antibodies to inhibit Notch
pathway activation will be assessed in BC cells, as well
as their anti-oncogenic effect.

P14 - Impact of S-sulfocysteine on
fragments and trisulfide bond linkages
in monoclonal antibodies
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Background and Novelty
The quality of recombinant proteins is dependent
on many factors, including cell line, process and
cell culture media (CCM). Due to these factors, the
generated product is heterogeneous and may present
chemically-induced or post-translational modifications
that affect antibody stability, functionality and, in
some cases, patient safety. This study demonstrates
that S-sulfocysteine (SSC), a cysteine derivative, can
increase the cell specific productivity (Qp) in different
cell lines cultivated with different processes while
minimizing product heterogeneity like trisulfide
linkages and antibody fragments.
Experimental approach
Four suspension CHO cell lines producing human
monoclonal IgG1 antibodies were cultivated using
different fed-batch processes. The mAbs were
analyzed regarding their trisulfide bond formation
using nano LC-MS after alkylation and Lys-C/ trypsin
cleavage and IgG fragmentation was monitored using
capillary gel electrophoresis with SDS.
Results and Discussion
This study compared three main cell culture processes:
in the control condition, cysteine was added
throughout the process using a cysteine-containing
feed. In the second condition, cysteine was interacting
with pyruvate or α-ketoglutarate in the feed forming

the thiazolidines CP or CKG respectively1 and thereby
stabilizing cysteine2. These condensation products
have been described to reduce trisulfide bond
formation in IgG3. In the third condition, cysteine was
replaced by SSC that has been described as a potent
cysteine derivative having an anti-oxidative effect in
CHO-based fed-batch processes4. Whereas Qp was
only significantly increased for CP with cell line 1, the
Qp was significantly increased in the SSC containing
process for three cell lines producing different mAbs.
The starting relative percentage of trisulfide bonds
was different for each antibody ranging from 11% to
46%. The use of SSC-containing processes allowed a
drastic reduction of the trisulfide bond levels to values
below 5%. The effect of SSC was always stronger
when compared to the thiazolidine control. Finally,
the use of a SSC-containing feed decreased the
occurrence of low molecular weight (LMW) fragments
with a concomitant increase in the main intact IgG,
confirming the positive correlation between trisulfide
bonds and fragmentation proposed by Liu et al5.
Altogether, our results indicate that SSC can be used
to increase cell specific productivity while reducing
the overall IgG heterogeneity6.

1 Wlodek, L., Acta Biochim Pol, 1988. 35(4): p. 307-17
2 Kuschelewski, J. et al., Biotech Prog 2017. 33(3): p. 759-770
3 Kshirsagar, R. and A. Gilbert, WO2012/158551
4 Hecklau, C. et al., J Biotechnol, 2016. 218: p. 53-63
5 Liu, R. et al., MAbs, 2017. 9(3): p. 490-497
6 Seibel, R. et al., MAbs, 2017. 9(6): p. 889-897
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P15 - Simplification of fed batch
processes using modified amino acids
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Background and Novelty
Mammalian fed-batch processes to produce
biopharmaceuticals, e.g. monoclonal antibodies
(mAbs), rely on strategic feeding of nutrients e.g.
glucose, vitamins and amino acids aiming at cell
culture longevity and protein yield1. Limitations in
these bioprocesses arise from the low solubility or
stability of some compounds, predominantly amino
acids, at high concentrations and neutral pH. In
current processes, L-cysteine and Ltyrosine are fed
separately at alkaline pH, resulting in pH peaks and
precipitations2. To simplify next generation processes,
both amino acids have been chemically modified
to enhance their respective stability and solubility
profiles2.
Experimental approach
In our scaled down model, CHO fed batch processes
were substituted with the derivatives phosphotyrosine
disodium salt2 and S-sulfocysteine sodium salt3.
Cellular performance as well as stability of the single
substance in neutral feed was assessed. Lastly, the
suitability of modified amino acids in fed batch
processes was confirmed examining critical quality
attributes of the produced mAb2,3,4.
Results and Discussion
The L-Tyrosine derivative phosphotyrosine disodium
salt was demonstrated as stable derivative without
having an impact on culture performance or product
quality. Solubility in highly concentrated feeds was
evaluated at 70 g/L. Stability was evaluated by the
quantification of phosphotyrosine and potentially
released tyrosine in the cell culture medium stored
at 4°C. No degradation or precipitation was observed
during the first six months and no free tyrosine was
detected. Mechanistic studies demonstrated the
cleavage of the molecule in the cell culture supernatant
by released phosphatases, leading to phosphate and
free L-tyrosine, bioavailable for the cells. No intact
phosphotyrosine was detected intracellularly or
incorporated into the sequence of the monoclonal
antibody2.
Stability
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studies

of

the

L-cysteine

derivative

S-sulfocysteine in neutral pH feed indicated no
significant change in the derivative concentration
or L-cysteine/L-cystine release when stored over
three months at room temperature or 4°C. Neither
precipitation nor color change was observed
demonstrating the stability under the tested
conditions. The fed batch process with the derivative
included in the neutral main feed yielded comparable
viable cell densities, prolonged viabilities and about
1.7-fold increased titer compared to the two-feed
system. Bioreactor experiments confirmed the increase
in specific productivity. In depth characterization of the
monoclonal antibody indicated no change in the critical
quality attributes like glycosylation, or charge variant
patterns. Peptide mapping experiments indicated no
integration of the modified amino acid in the sequence
of the monoclonal antibody. Finally, the mechanism of
action of S-sulfocysteine was investigated, and results
pointed out to an antioxidative response mediated
through an increase in superoxide dismutase enzymes
and in total intracellular glutathione pool involved in
ROS elimination4.
In addition to the simplification of fed-batch processes
in large scale manufacturing via the implementation
of a single feed strategy at neutral pH, enhanced
solubilities and stabilities of the two derivatives also
enable the production of highly concentrated and
room temperature stable feeds along with optimized
space time yields.
1. Kyriakopoulos S, Kontoravdi C: A framework for the
systematic design of fed-batch strategies in mammalian cell
culture. Biotechnol Bioengineering 2014,111(12):2466-2476
2. Zimmer A, Mueller R, Wehsling M, Schnellbaecher A,
von Hagen J: Improvement and simplification of fed-batch
bioprocesses with a highly soluble phosphotyrosine sodium
salt. Journal of Biotechnology 2014, 186:110-118.
3. Hecklau C, Pering S, Seibel R, Schnellbaecher A, Wehsling
M, Eichhorn T, von Hagen J, Zimmer A: SSulfocysteine
simplifies fed-batch processes and increases the CHO
specific productivity via anti-oxidant activity. Journal of
Biotechnology 218 (2016) 53–63
4. Seibel R, Maier S, Schnellbaecher A, Bohl S, Wehsling M,
Zeck A, Zimmer A: Impact of S-sulfocysteine on fragments
and trisulfide bond linkages in monoclonal antibodies, mAbs
2017, DOI: 10.1080/19420862.2017.1333212

P16 - Development of M³C Strategies
in Production Processes with CHO Cell
Cultures to Prevent the Formation
Product Aggregation during Process
Alina Handl1, Friedemann Hesse1
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Background and Novelty
Product aggregation can occur in different stages of a
biopharmaceutical production process and represent
a risk for the patient since aggregates can reduce the
safety and efficacy of therapeutics. Therefore, they
need to be detected, quantified and cost intensively
removed during downstream processing (DSP).
However, it is described in literature that product
aggregation can already occur during the fermentation
process and is caused by various process operations.
Addressing this issue already during upstream
process development might improve process yields
and reduce the burden on DSP. Therefore, real-time
bioprocess monitoring of product and aggregate
formation or critical process parameter like cell or
glucose concentration during upstream processing
(USP) comes more into focus.
Experimental approach
One possibility for bioprocess monitoring is 2D
fluorescence spectroscopy based on fluorescence
signals derived from cells and medium components.
During
fermentation
continuously
recorded
fluorescence spectra can be used as input regressor
matrix for chemometric modeling, whereby product
concentration, product aggregation and other
parameters are measured offline and are used as
target output matrix. The resulting multivariate partial
least square regression models (so called soft sensors)
can later on be used for product quality prediction and
as an instrument to control fermentation processes.
The aim is the establishment of a process control tool
which enables real-time monitoring of critical process

parameters and the fully automated reduction of
product aggregation during the upstream process.
Results and Discussion
As model systems for this study three different
CHO DG44 production cell lines producing different
monoclonal antibodies (mAb) are used. The changes in
the intrinsic fluorescence of the respective cell cultures
are recorded by 2D fluorescence spectroscopy. For
the regression models direct quantification of critical
process parameters was carried out as well as the
determination of small soluble and larger insoluble
mAb aggregates in cell culture supernatant with
SE-HPLC and fluorescence microscope imaging,
respectively. The consequently established models
for cell and glucose concentration (critical process
parameters) were used to establish an automated
feeding control system.
For aggregate formation reduction during cell culture,
diverse salts, buffers, amino acids as well as sugars
and polyols were added and analyzed for their impact
on cell growth, productivity and aggregate reduction.
The most promising agents were further investigated
in a “design of experiment” approach, to evaluate their
dependencies and evaluate applicable concentrations.
Mixtures of these osmotically active substances were
applied to cultures of the model cell lines and one non
producing CHO cell line as control.
Subsequently, the feeding control system was used to
reduce the aggregation formation during the process
by adding the evaluated osmotic active agents into
the glucose feed.
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P17 - High throughput ambr15/
ambr250 core facilities with automated
sample preparation and data
management for cell culture upstream
process development
Alina Schneider1*, Christian Schwald1 and Timo Frensing1
Roche Diagnostics GmbH, Pharma Research and Early Development, Department Cell Culture Research, Roche
Innovation Centre Munich, Germany
* presenting author: Alina Schneider; Principal Associate, Large Molecule Research,Roche Pharma Research and
Early Development, Roche Innovation Center Munich, Roche Diagnostics GmbH, Nonnenwald 2, 82377 Penzberg,
Germany, Email: alina.schneider@roche.com

1

We develop early cell culture production processes
to produce the molecule of interest, mostly
antibody-like molecule formats. These molecules are
often promising candidates to cure severe diseases
and we want to bring these as fast as possible towards
patients. For this reason, the value chain during
the development of an early production
process, required to supply toxicity studies and clinical
phase 1 studies, was evaluated on its potential to
increase throughput.
Here, we implemented state of the art cultivation
robots ambr15 and ambr250 for our clone
selection and process development activities.
The ambr15 system has a higher throughput
and therefore is used for early clone selection or
process development, while the ambr250 system
benefits from a better fit to the large scale bioreactors
and for this reason is used for the final clone
selection process.
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Furthermore, the sample handling and sample
preparation for analytics was automated by using
the Tecan Fluent liquid handling platform. To
benefit from the implemented robotic systems a key
requirement was to embed the new systems into the
data acquisition, management and analysis system,
called DAMAS. The DAMAS allows us to automatically
transfer all online and offline measurements of the
ambr systems into our data warehouse. In addition,
we are currently upgrading the IT system to enable the
complete sample tracking and initiation of analytical
measurements as well as an automated feedback loop
to the ambr systems. No manual transfer of sample
IDs to the analytical devices and no data export files
after the measurement will be required to consolidate
all information in our electronic lab notebook.
Taken everything together, we are now able to
run about three times more cultivations with the
same manpower.

P18 - Development of a Bioprocess for
the Production of PASylated Human
DNase I
Serge M Stamm1, Michaela Gebauer2, Roland Wagner1, Arne Skerra2,3
Rentschler Biopharma SE, Laupheim Germany
XL-protein GmbH, Freising Germany
3)
Lehrstuhl für Biologische Chemie, Technische Universität München, Freising, Germany
1)

2)

Background and Novelty
Cystic fibrosis (CF) is an autosomal recessive disorder
affecting 70,000 individuals worldwide. Lung function
of the patient is decreased to a large extend by an
abnormally high viscoelasticity of the mucus and
sputum, due to defective ion transport caused by
mutations in the CF transmembrane conductance
regulator (CFTR). This obstruction provokes
inflammation with disintegrating inflammatory
cells, releasing high amounts of extracellular DNA
which further immobilizes the sputum. A major
treatment goal is to mobilize sputum in order to
enhance patients’ lung function. Recombinant
human deoxyribonuclease I (rhDNase I) is capable of
degrading DNA to lower molecular weight fragments
which forms the basis for its therapeutic use [1][2][3].
However, short half-life time of rhDNase I constitutes
a current limitation of the treatment, thus provoking
the quest for a novel, long-acting rhDNase I with
more durable enzymatic activity [4]. This goal may
be accomplished by PASylation of rhDNase I. This
powerful technique, based on the attachment of
highly soluble disordered polypeptide chains made of
Pro, Ala and/or Ser (PAS), has been shown to increase
the plasma half-life by enlarging the hydrodynamic
volume of therapeutic proteins [5][6].
Experimental approach
A PAS amino acid (AA) sequence of several hundred
residues is attached C- and/or N-terminally to
rhDNase I. Mammalian cell transfection is performed
by a targeted integration approach using Rentschler
Biopharma´s TurboCellTM technique. This system is
based on CHO-K1 cells tagged with green fluorescent
protein (GFP) bordered by recombinase recognition
sites that enable site-specific integration of the gene of
interest (GOI) [7]. A wild-type (WT) rhDNase I will serve
as control. A kinetic assay to compare and verify the
DNA-degrading activity of PASylated rhDNase within
the cell culture supernatant has been established
[8]. In the future course of the project, a stable cell

line will be generated and a scalable upstream and
downstream production process will be developed.
Results and Discussion
Gene cloning and pool-stage cell-culture data will
be presented with respect to half-life enhancing
PASylation technology applied to rhDNase using
TurboCellTM CHO cell lines.

[1] G. R. Cutting (2015), “Cystic fibrosis genetics: from
molecular understanding to clinical application,” Nat Rev
Genet.
[2] C. Q. Pan, T. H. Dodge, D. L. Baker, W. S. Prince, D. V.
Sinicropi, and R. A. Lazarus (1998), “Improved potency of
hyperactive and actin-resistant human DNase I variants
for treatment of cystic fibrosis and systemic lupus
erythematosus,” J. Biol. Chem.
[3] T. Pressler (2008), “Review of recombinant human
deoxyribonuclease (rhDNase) in the management of patients
with cystic fibrosis,” Biol. Targets Ther.
[4] M. J. Guichard, H. P. Patil, S. J. Koussoroplis, R.
Wattiez, T. Leal, and R. Vanbever (2017), “Production and
characterization of a PEGylated derivative of recombinant
human deoxyribonuclease I for cystic fibrosis therapy,” Int.
J. Pharm.
[5] M. Schlapschy et al. (2013), “PASylation: A biological
alternative to PEGylation for extending the plasma half-life
of pharmaceutically active proteins,” Protein Eng. Des. Sel.
[6] M. Gebauer and A. Skerra (2017), “Prospects of
PASylation® for the design of protein and peptide
therapeutics with extended half-life and enhanced action.,”
Bioorg. Med. Chem., Sep.
[7] B. Rehberger, C. Wodarczyk, B. Reichenbächer, J. Köhler,
R. Weber, and D. Müller (2013), “Accelerating stable
recombinant cell line development by targeted integration,”
BMC Proc.
[8] S. J. Choi and F. C. Szoka (2000), “Fluorometric
determination of deoxyribonuclease I activity with
PicoGreen.,” Anal. Biochem.
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P19 - Process Development Tool
to Rapidly Predict the Stability of
Biopharmaceuticals
S. Hedberg1, J. Haigh2, D. Williams1
1
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Background and Novelty
Protein aggregation is a critical problem for the safety
of biopharmaceuticals as they are linked to adverse
immunologically related responses in patients. Much
effort has been made to gain a better understanding
of aggregation, however, the mechanisms leading
to protein aggregation are still not fully understood.
Protein-protein molecular interactions in solution
are known to be involved in protein solution
aggregation behaviour and are a common issue for
the manufacturing of biopharmaceuticals such as
monoclonal antibodies, mAbs. Therefore, a major
industrial and academic challenge is the development
of fast and reliable methods, either theoretically
or experimentally driven, which allow formulation
scientists to identify optimal biopharmaceutical
species and solution conditions which deliver stable
solution products, thus avoiding aggregation. The
osmotic second virial coefficient (B22) is a fundamental
physiochemical property that describes the
thermodynamics of the protein-protein interactions in
solution, which can be a useful tool for predicting the
aggregation propensity of proteins.
Experimental Approach
One way of predicting aggregation propensity is selfinteraction chromatography (SIC) that can be used
for determining the osmotic second virial coefficient
(B22). This technique has recently demonstrated to be
a tool that can successfully predict phase behaviour of
proteins. However, due to the need to immobilise every
protein in order to make B22 measurements makes this
technique less ideal for use in process development.
Another technique, cross-interaction chromatography
(CIC), has shown to be an even more high-throughput
technique than its predecessor with similar capabilities.
In CIC only one protein needs to be immobilised in
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order to screen a range of other proteins. In a case
study a number of different monoclonal antibodies
from both IgG1 and IgG4 subclasses, and a polyclonal
antibody were immobilised and screened on each of
the columns for a wide range of process development
conditions. The aim was to see if the osmotic second
virial cross coefficient (B23) between two proteins can
be used to predict B22.
Results and Discussion
The results of the case study were very successful and
proved to be a good prediction of the B22 value for all
the proteins in all conditions. This will enable a rapid
process development tool with only µg quantities
of biopharmaceutical species that can be injected
on a generic column e.g. a polyclonal IgG column.
Previously, the accuracy of the B22 values of several
of the mAbs has been directly validated by the use
of traditional gel filtration chromatography methods
and dynamic light scattering, to investigate the size
and quantity of aggregates over time. This has shown
that the determined B22 held powerful information
about the long term stability of biopharmaceuticals. In
summary, this work has developed a rapid and highthroughput tool, which manages to estimate the B22
values for different biopharmaceutical products using
minimal amounts of protein. This will help scientists
in the biopharmaceutical industry finding suitable
conditions for process development as well as picking
drug candidates with high long term stability.

Hedberg, S. H. M., Lee, D., Mishra, Y., Haigh, J. M. & Williams,
D. R. (2018). Mapping the MAb Aggregation Propensity
Using Self-Interaction Chromatography as a Screening Tool.
Analytical Chemistry, 90, 3878-3885.
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Yandi Rigual González1, Claudia Altamirano Gómez1,2, Julio Berríos Araya1
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Background and Novelty
Mammalian cells have glycosylation patterns similar
to human cells, allowing to obtain biopharmaceuticals
for human therapy. However, they have low levels
of productivity leading to the search for strategies
of optimization for their increase. One of these
strategies is the cell culture under mild hypothermia
(MH) conditions. MH has shown positive results,
for example, an increase in the longevity of the cell
culture and the specific productivity of the product.
As there is no exact consensus to explain this
phenomenon and the vast majority of studies are in
CHO cells, it is new to know precisely what happens
in other producer cells of interest such as NS0. The
number of studies on MH in NS0 cells producing
Monoclonal Antibodies (MAbs) is poor. The most
complete publication on this topic is that of Swiderek
and Al-Rubeai in 2007. However, these authors only
studied a temperature that is considered as MH so in
this sense their study is limited. In addition, in none
of these works the combined impact of temperature
and glucose concentration (GC) on the growth and
production of MAbs in NS0, was study. In contrast, in
our study two temperatures were studied within the
range considered as MH and two GC values.

Experimental approach
To analyze the influence of MH on the relationship
between the kinetics of cell growth and the production
of the MAb of interest, batch cultures were performed

at 37, 33 and 31 ° C and two GC (15 and 30 mM) in
Spinner Flask with a working volume of 150 mL. Each
condition studied was replicated for a total of 12
experiments. The methodology of MH used was the
shift of temperature.
Results and Discussion
The results obtained showed a significant decrease in
the specific growth rate maximum, the maximum cell
concentration of the culture and the specific glucose
consumption rate with the decrease in temperature
and the increase in glucose concentration. On the other
hand, the decrease in temperature caused a decrease
in the specific production rates of toxic metabolites
such as ammonium (qamonium) and lactate (qlactate), being
more marked at 33 °C than at 31 °C. Considering that
only at 33 °C and 15 mM of glucose the cells began
to consume lactate and that the greatest reduction in
qammonium occurred (3.7 times, taking as reference 37
°C and 15 mM of glucose), it is possible to suggest
that to this condition the metabolism is more efficient.
Also, it was observed that the yields of lactate-glucose
and ammonium-glucose were practically reduced by
half with respect to the reference condition. Due to
these facts, in this condition there was a significant
increase in the longevity of the culture and specific
productivity of the MAb (qMAb). The results regarding
the effect of moderate hypothermia coincide with
that reported by several authors for CHO cells. On
the other hand, conditions with 30 mM of glucose
showed growth inhibition, which was evidenced by a
significant increase in qlactate and qammonium, negatively
affecting qMAb.

57

P21 - Chemical and environmental
growth inhibition as external levers
improve process yield in mammalian
cell perfusion cultures
Moritz Wolf, Institute of Chemical and Bioengineering, ETH Zurich
moritz.wolf@chem.ethz.ch
Massimo Morbidelli, Institute of Chemical and Bioengineering, ETH Zurich

Background & Novelty
Mammalian cell perfusion processes are considered
as alternative production platform for the production
of therapeutic proteins, especially as a part of an
integrated continuous biomanufacturing unit.
Besides reduced equipment size, higher volumetric
productivities, and enhanced cost efficiency,
continuous processes enable steady state operation
leading to more homogeneous and even improved
product quality. However, the knowledge on time and
cost effective development and scale-up procedures
to obtain a stable process operation and desired
product quality control is still limited. The combination
of long process duration and the lack of automated
high-throughput systems for perfusion demand for
an optimized strategy regarding the development and
control of these processes.
Experimental approach
In this study, mammalian cell perfusion cultures
have been performed targeting high volumetric
productivities and improved process yields. For this
purpose, short–term perfusion cultures have been
performed to increase number of experiments and
tested conditions. Different strategies for minimizing
cellular growth were tested: a) minimizing cell
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specific perfusion rate, b) chemical growth inhibition
c) environmental growth inhibition by lowering the
culture temperature. Active growth inhibition targeted
cell cycle arrest to reduce cellular growth and to
trigger higher productivities.
Results & Discussion
The loss of product in the bleed was effectively reduced
by all strategies. Especially, lower culture temperatures
were an effective tool for process intensification
leading to increased cellular productivities and
reduced cellular growth, while the use of a chemical
inhibitor did not lead to higher protein quantities.
Additionally, cells seemed to adapt to the chemical
inhibitor. Flow cytometry revealed that more cells
were arrested in the G1 phase, leading to lower cell
proliferation. Resulting product quality patterns
remained stable within each operation set point.
A variety of tools can be used to intensify continuous
cultures. A temperature down-shift at the start of the
production phase represents the most promising
tool for process intensification. The different steps
present a systematic and efficient procedure for the
development of perfusion cell cultures targeting
optimal process performance and tunable product
quality control.

P22 - Development of natural
chemicals as tools for the optimization
of IgG production in CHO cells
Luis Toronjo-Urquiza1; Dr Robert J Falconer1; Dr Tibor Nagy2
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Chemical and Biological Engineering Department, University of Sheffield, UK
Fujifilm Diosynth, Billingham, UK

Background and Novelty
Chinese hamster ovary (CHO) cells are the most
common hosts in the biopharmaceutical production
of recombinant proteins; monoclonal antibodies
(mAb) and their derivatives are the main products
manufactured. Although CHO cells are quite successful
in the protein production, adequate protein titters are
sometimes difficult to reach during the culture phase,
a factor that can cause financial loses. Currently, there
is a lack of available engineering tools that could be
used to help overcome these problems. The aim of
this study was to identify natural chemicals that could
have an impact on the protein production and could
be used as engineering tools.
Experimental approach
The first stage of this study was a toxicological test of
the components; CHO cells were treated for three days
in a range of concentrations in static 24-well-platecultures. Viability, concentration and IgG production
were measured and flowcytometry analysis was
performed every 8 hours to identify the type of cell
cycle arrest. Thirty-two millilitre shaking cultures, were
then prepared in order to study potential strategies
for the maximization of the protein production. The
cultures were fed at different times with the optimal
concentration of the chemicals identified during the

toxicological test. The cultures were assessed for cell
density, viability and protein production every 24
hours for ten consecutive days. Finally, the product
was purified and analysed by size exclusion and ion
exchange chromatography techniques.
Results and Discussion
Results showed that some of the chemicals had
cytostatic capacity; this cytostatic effect was nonphase dependent. The specific cell protein production
during the toxicological test was increased by 3-fold.
The ten-day-culture studies showed that the best
possible treatment to improve protein production was
to add the chemicals at the end of the exponential
phase; this resulted in a 40% increase in the final IgG
titter. Final analysis of the product showed that the
change of culture conditions did not result in any
changes in the product, nor caused any aggregation
problems; the IgG was intact and in its monomeric
form. These components seem to be stopping
primary growth metabolism and activate secondary
metabolism, causing a switch from growth into
production; this property could be used to improve
protein production. This study showed that the specific
components are promising candidates which could
be used in the improvement of recombinant protein
production. However, at this stage, further research is
needed to understand the mechanisms.
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Background and Novelty
Cell growth supporting microenvironment is largely
defined by nutrient composition of culture media.
Content of the proteins as much as their origin have a
key role in preparation of culture media. Fetal bovine
serum (FBS) is still largely used as the major protein
source, despite of its compositional inconsistency and
safety related risks. To overcome these problems, cell
culture experts developed se-rum-free media where
protein hydrolysates, preferably of plant origin, c
an partially substitute serum peptides. Among the
most promising substances for the hydroly-sate
production are protein rich by-products of kitchen
oil industry called oil-cakes. Oil-cakes of hempseed
and flaxseed contain about 30% proteins, and as such
can be processed into nutrient supplement for animal
cell cultivation. The main objec-tive of the proposed
study is to determine effects of flaxseed oil-cake
protein isolates, hempseed oil-cake protein
hydrolysates and hydrolysate peptide fractions on
growth and productivity of IgG producing CHO
cell line.
Experimental approach
The protein isolates were first prepared from
hempseed and flaxseed oil-cake by extraction and
precipitation steps. The hydrolysis of protein isolates
was carried out with commercial microbial proteases:
Alcalase and Protamex. The digestates were separated
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in three different molecular weight fractions (50 kDa, 1
0kDa and 3kDa) by centrifugal filter units. Cell
cultivation was performed using DMEM media
containing FBS that was partially replaced with
total protein hydrolysates (T) or hy-drolysate
peptide fractions (F) (9% FBS + 1% T/F, 5% FBS +
5% T/F). Protein content of the culture media was
determined using SDS-PAGE and colorimetric
techniques. CHO cell growth was monitored with
hemocytometer and recombinant IgG produc-tion
using immunochemical method.
Results and Discussion
Our preliminary results indicate that oil-cake protein
hydrolysates cannot entirely replace the serum in
culture media but they show potential of being a
beneficial cul-ture media supplement. Hempseed
protein hydrolysates (T and F) obtained by Alcalase and Protamex have positive effect on specific
productivity and volumetric production in comparison
to the control. Generally, replacing serum with
higher per-centage of all peptide fractions (5%) has
greater influence on volumetric production. Protein
hydrolysates obtained by Protamex showed better
cell viability profile than Alcalase hydrolysates.
Addition of 0,2 g/L of flaxseed protein isolates in
culture me-dium with 5% of serum showed better cell
growth and production compared to the control and
other conditions.

P24 - New components for high
mannose modulation
Thomas Vuillemin1, David Brühlmann1, Jonathan Souquet1, Martin Jordan1, Matthieu Stettler1, Hervé Broly1
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Background and Novelty

Experimental approach

While cancer has existed for a long time, ways to fight
it have greatly evolved. Monoclonal antibodies (mAbs)
have emerged in the 80s and persisted as a promising
drug candidate as they can be designed to target
specific tumour cells and thus reactivate the patient’s
immune response. One of these specific targets
is the well-known PD-L1, for which the
corresponding mAb already has had robust
large-scale
production
processes
developed.
Although robust large-scale production processes
have been developed for a variety of mAbs, the
need for increased productivity has lead to the
proposal of new processes, where mAb quality,
and more specifically glycosylation, needs to
be maintained at its previous level. As the need
for an identical glycosylation pattern is essential
for
biosimilar
molecules,
tailoring
these
post-translational modifications during the entire
process is a crucial parameter. In this study, we focused
on components that might increase mannosylation.

After performing preliminary toxicity studies, several
components were chosen to be added in the culture
medium either before starting the culture or during
the feed addition, experiments being running in fedbatch. A design of experiment comprising various
components, their concentration according to the
toxicity studies and time of addition was performed in
SpinTubes and in ambr15.
Results and Discussion
The use of different components lead to various
mannosylation pattern. We obtained either high level
of mannose 5, medium level of all high mannose
species or high level of mannose 9. Thus, depending
on the bioactivity wanted, one may prefer a specific
mannosylation pattern and choose the best suitable
treatment by supplementing either the media or feed
with different components at a defined time point of
the culture.
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P25 - Prestage perfusion and ultrahigh seeding cell density in CHO fedbatch: process intensification guided by
systems biotechnology
Lisa Stepper [1]1, Florian Filser [2]1, Dr. Ingo Gorr1, [3] Dr. Raphael Voges [4]1
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Background and Novelty
Biopharmaceutical manufacturers are using manifold
process intensification strategies striving for higher
volumetric productivities and improvement of facility
utilization in order to develop high-performing,
competitive processes.
Experimental approach
This work describes a lab-scale process intensification
approach which couples a tangential-flow-filtration
(TFF) based prestage perfusion process with a
concentrated fed-batch production culture inoculated
with ultra-high seeding density (uHSD). For process
optimization several parameters including selected
media and feed components were enhanced driven
by mechanistic modelling and Next Generation
Sequencing (NGS).
Results and Discussion
This strategy effectively shifted biomass production
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towards prestage, reaching >40*10E06 cells/mL for
prestage perfusion. The product titer was almost
doubled (1.92-fold titer concentration) for uHSD
production cultures in equivalent runtime with
comparable product quality. Additionally, lactate
feeding showed to promote cell culture performance,
while process scalability was proven via transfer to pilotscale i.e. 20L prestage perfusion and 80L production
reactor. During NGS a stable gene expression
pattern was detected for prestage perfusion whereas
transfer to production stage introduced wide
alterations in expression levels. These could be
reduced by media adaptations. Moreover, an earlier
shift from growth associated gene expression patterns
to production stage associated gene expression could
be identified for uHSD cultures compared to the
platform process. Overall, we showed that the prestage
perfusion strategy coupled to uHSD fed-batch
cultures yielded in higher volumetric productivity
and constitute a viable tool for biopharmaceutical
process intensification. Furthermore an in-depth
understanding of cellular processes during process
intensification could be provided.

P26 - New approaches to detect,
stabilize and integrate lipids in cell
culture media
Dennis Binder1, Mathilde Errard1,2, Aline Zimmer1
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Background and Novelty
Lipids are well-known for boosting cellular
performance of mammalian cells. Saturated fatty
acids such as lauric, myristic, palmitic, stearic or lipoic
acid have been described as beneficial for cell culture.
Likewise, unsaturated fatty acids like palmitoleic,
linolenic, linoleic, oleic or arachidonic acid are
repeatedly applied for numerous cell culture media
(CCM). Finally, the sterol cholesterol and the vitamin
E precursor tocopheryl acetate are essential lipid
compounds in several, mainly insect-based, cell culture
media. Whereas sera such as fetal bovine serum (FBS)
enable high lipid concentration due to lipid carrier
proteins, the formulation of concentrated lipids in
conventional serum-free dry powder media (DPM)
remains challenging. Here, we present a sensitive
method to quantify lipids in CCM, allowing for the
comparative analysis of different lipid formulation
approaches including diverse lipid supplements,
nanoemulsions, or novel lipid derivatives.
Experimental approach
Lipid extraction from liquid CCM was performed
using methyl-tert-butyl ether (MTBE) coupled to GCFID detection. In addition, for selected lipids such as
cholesterol, tocopherol or the overall amount of fatty

acids, colori- and fluorometric microplate assays were
employed to enable a quicker and likewise sensitive
quantification. Lipid formulation approaches involved
the lyophilization of formulated lipid mixtures,
emulsion phase inversion as well as novel derivatives.
Results and Discussion
The new extraction method was found to be superior
to the standard method described by Folch et al. as
it could extract all lipids relevant to CCM and in a
more sensitive fashion. Using MTBE-based extraction
coupled to gas chromatography (GC) analysis, lipids
were detected down to 2.5 ppm. Using both MTP
assays and the novel lipid detection method, stability
studies were performed in liquid CCM, showing that
with ongoing storage times the recovery of some
lipids significantly decayed, revealing the need for
more efficient stabilization processes. Different lipid
processing technologies were tested and evaluated
for their ability to stably and homogenously introduce
highly concentrated lipids into CCM. Moreover, the
filterability of different lipids and lipid formulations
was tested for different hydrophilic filters, pointing
towards a retention of larger lipids on the filter. Finally,
cell tests were performed to test for the bioavailability
of novel lipid formulations and derivatives.
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supernatants: Unveiling of process
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Background and Novelty

with varying process temperature and glucose feed.

Charge heterogeneity of monoclonal antibodys (mAb)
is regarded as a critical quality attribute (CQA). It is a
sum factor of several post-translational modifications.
Which, in turn, are of high importance regarding
product quality, safety and efficacy. Monitoring
and controlling charge heterogeneity would be of
particular importance for manufactures and process
developers. However, pre-purification could possibly
falsify the results and should be avoided to gain
information on the impact of your process parameters
on the product quality. The work presented here,
adapted a cation exchange chromatography method
applied in a case study to demonstrate its applicability.

Results and Discussion

Experimental approach
Cation exchange chromatography (CEX) is routinely
used and considered as the golden standard for
determining charge heterogeneity. A CEX method
based on pH gradient elution, previously published by
Lingg et al., 2013, was used. The case study consisted of
a chinese hamster ovary (CHO) cell fed-batch process,
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The CEX method was successfully adapted to the cell
culture environment. No major impurities or matrix
effects were distorting the results. This method was
then applied in a case study. Whereas no impact on the
overall IgG titer was evident, the impact on the micro
heterogeneity was huge. The charge heterogeneity
of the recombinant produced mAb greatly differed
from the pharmaceutical standard. Acidic variants
remained the majority. The emergence of basic
species could be linked to be a function of process
temperature. Interestingly, the occurrence of acidic
ones were dependent on the amount of main variant
and glucose concentration in the supernatant. These
reaction could be described by a 2nd order model and
is favored at higher temperatures. To the best of our
knowledge we are the first who determined antibody
charge distributions directly from supernatant with a
CEX method using a pH gradient. This fingerprinting
platform method can be used for any basic mAb with
a pI between (8 – 10).

P28 - Implementation and development
of a high-throughput ‘miniaturised’ cell
culture platform
Thomas Williams1, Rui Sanches1, Lee Davies1, Carol Knevelman1, Kyriacos Mitrophanous1, James Miskin1
Oxford BioMedica (UK) Limited, Windrush Court, Transport Way, Oxford, OX4 6LT, UK
T.Williams@oxfordbiomedica.co.uk

1)

Background and Novelty
Oxford BioMedica is a pioneer in gene and cell
therapy with a prominent position in lentiviral
vector and cell therapy research, development and
production. The company has generated numerous
gene and cell therapy candidates via its proprietary
LentiVector® delivery platform in areas such as
oncology, neural disease and ophthalmology. Integral
to the manufacture of clinical grade lentiviral vectors
is a sound understanding and control of the processes
used to make the final drug product. Optimising the
performance of these manufacturing systems and
developing new processes for product manufacture
are of critical importance to ensure clinical and
commercial success. New and innovative technologies
are being increasingly explored at Oxford BioMedica
to deliver robust and productive processes, whilst
reducing operational costs. Integral to this is the
development of high-throughput cell culture
systems. It is important to enhance the throughput in
development experimentation to facilitate the rapid
screening and optimisation of process parameters.
Traditionally, most screening experiments in industry
are performed in Erlenmeyer shake flasks making
the optimisation process time consuming, expensive
and hence inefficient. The development and
implementation of a small-scale, high-throughput cell
culture system will enhance the company’s ability to
implement more efficient screening processes during
process development studies.
Experimental approach
This study attempts to implement a high-throughput,
‘miniaturised’ system which can be used for the
manufacture of lentiviral vectors in suspension
culture. This study evaluates the suitability of a 24deep well microtiter plate (24DWP) as a suitable cell
culture platform to produce HIV-1 based GFP vector.

We have examined cell growth and HIV-1-GFP vector
production performance in 24-DWPs and traditional
Erlenmeyer shake flasks using suspension adapted
human embryonic kidney cells and also a novel HIV1-GFP stable producer cell line.
Results and Discussion
Equivalent growth and culture viability profiles were
observed in concurrent studies run in both the DWP
system and conventional shake flasks demonstrating
equivalent growth kinetics between the systems. The
vector production levels, as measured by the number
of transducing units per mL, were also comparable
between the systems. Well-to-well variability was
assessed, and equivalent growth rates and vector titres
were measured between wells run under the same
operating conditions. It was verified that differential
evaporation rates were not prevalent across the
plate via calculation of the percentage coefficient
of variation (%CV) for viable cell concentration. An
average %CV of 11% was calculated in both the 24DWP system and convention shake flasks.
This proof of concept study has put in place the
foundations of a miniaturised cell culture system which
can be used as a valuable tool in the optimisation of
lentiviral vector bioprocesses; yielding comparable
results to those obtained at shake flask scale. This
system has several far-reaching applications in process
development which can support the screening of
multiple media formulations and feeding strategies
which can be assessed as a function of cell growth and
vector production. This is particularly exciting since
there is considerable interest in the biopharmaceutical
industry in scale down and high throughput models
that facilitate scalable process development which are
time efficient and significantly reduce costs accrued
in production.
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Background and Novelty
Cell culture-based Influenza hemagglutinin (HA)displaying virus-like particles (VLPs) have been shown
to be efficient vaccine candidates against Influenza
disease. With the increasing needs for larger amounts
of vaccines and the uncertainty about a novel
emerging pandemic outbreak, bioprocess strategies
for improved vaccine production are urgent. Here
we demonstrate the efficient evolutionary selection
of a novel high performance insect cell line adapted
to neutral pH, capable of over 2-fold greater specific
HA-VLPs production yields using the baculovirus
expression vector system (BEVS).
Experimental approach

Trichoplusia ni (High Five) cells were sub-cultured
at increasingly higher culture pH values until
growth adaptation to neutral pH was attained. An
initial infection screening with M1/HA-encoding
recombinant baculovirus, combining different cell
concentrations at infection (CCI) and multiplicities
of infection (MOI), was performed to assess the
performance of the adapted cells and conclude on the
best performing infection condition. Further infections
were performed to evaluate the production capacity
of adapted cells cultured and infected at neutral pH
and at standard pH culture, as compared with control
parental High Five cells cultured in the same conditions,
following infection at a CCI of 2 and MOI of 1. HA
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concentration was assessed by hemagglutination
assay, HA/M1 identification was confirmed by western
blot and product stability was verified by transmission
electron microscopy. Performance of the adapted cell
line was confirmed at several passages. A proof-ofconcept run in a 0.5L bioreactor was performed to
confirm the potential of adapted cells to produce VLPs
in a completely controlled system.
Results and Discussion
Neutral pH adapted cells were shown to yield higher
HA titers as compared to control High Five cells in most
of the tested conditions, reaching over 2-fold increase
in specific HA productivity. When infected at standard
pH culture, adapted cells also showed increased
production capacity over High Five cells, whereas
those cells maintained their productivities when
cultured and infected both in standard and adaptation
medium, thus demonstrating that the adaptation is
crucial to obtain maximum HA productivities. Adapted
cells were shown to maintain a constant metabolic flux
and HA productivity along passages, and production
in bioreactor was shown to be consistent with shake
flask runs, thus showing its robustness and applicability
to be produced in a controlled and readily scalable
system. HA-containing VLPs were efficiently identified
by TEM. The aforementioned results describe a highproducing neutral pH adapted cell line obtained
through adaptive evolutionary engineering, capable
of yielding higher HA titers using insect cells-BEVS.

P30 - Retroviral and lentiviral vectors
for gene therapy: accelerating the
development and improving the yields
Ana Sofia Formas-Oliveira1,2, Ana Filipa Rodrigues1,2, Ana Isabel Almeida1, Hélio Antunes Tomás1,2, Paula Marques
Alves1,2 and Ana Sofia Coroadinha1,2
iBET - Instituto de Biologia Experimental e Tecnológica, Apartado 12, 2781-901 Oeiras, Portugal
Instituto de Tecnologia Química e Biológica António Xavier, Universidade Nova de Lisboa, Av. da República,
2780-157 Oeiras, Portugal
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Background and Novelty
Retroviral (RV) and lentiviral (LV) vectors are widely
used in gene therapy as they provide efficient cell
transduction and long term gene expression. Recently,
several RV and LV based gene therapy products were
approved by EMA and FDA. Major challenges still limit
clinical-to-market transition, namely: laborious and
time-consuming cell line development characterized
by low yields and quality of vector preparation. This
work aims at tackling these drawbacks by optimizing
the upstream process for faster establishment of
robust producer cells and by rationally designing
metabolic engineering strategies to increase vector
yields. Previously, we developed the Single-Step
Cloning-Screening (SSCS) method enabling the rapid
establishment of a high titer RV producer cell line. The
proof of concept was performed using RV carrying
a reporter gene, herein we describe the adaptation
of SSCS for stable producers of LV and therapeutic
relevant RV. Metabolic gene engineering has been
largely explored in simple organisms and/or products
to develop high producing hosts in a straight forward
fashion. Yet, same approach for mammalian cells
producing complex biopharmaceuticals, like LV and
RV, has unpredictable outcomes. In this work, we
conducted a comprehensive and rational manipulation
of three different metabolic pathways to increase
vector’s stable productivity in human cell lines.
Experimental approach
In RV cell line development, we optimized the
expression cassettes and stable transfection methods
following cGMP compliant procedures. Originally,
moloney murine leukemia virus GagProPol cassette is
expressed through the 5’ Long Terminal Repeat (LTR)
of the same virus. For safety purposes, heterologous
promoters were tested. RV transgene cassette

was optimized with different LTR, psi sequences
and GOI. Additionally, site-specific recombinase
sequences flanking LTRs were added to enable
flexible exchange of vector genome. The molecular
designs giving higher titers were used to establish a
producer population. SSCS was applied to select the
best producer clones and study how transfection
methods influence viral productivity. Regarding LV,
we used the newly established LentiPro26 packaging
cell line to stably express an optimized transgene
cassette adapted to SSCS. Genetic engineering was
conducted in producer’s cells by over-expressing at
different levels genes involved in glutathione, protein
processing and apoptosis metabolic pathways. The
resulting populations were characterized in terms of
growth, productivity, viral components and targeted
gene expression and copy number.
Results and Discussion
A therapeutic relevant RV producer cell line with
safer expression cassettes, flexible removal/exchange
of GOI and cGMP compliant was successfully
established. A new stable LV producer platform (106
T.U./mL) was developed with high throughput tools.
These achievements were only made possible in a
short timeframe using the power of SSCS to study,
develop and select the rare phenotype events. Further
engineering metabolic pathways to improve cellular
properties raised specific productivity up to 10-fold.
Manipulated genes and their level of overexpression
induced different dynamics in productivity: from
downswing to upswing. Re-enforcing the need for
fine tuning metabolic gene expression to achieve
hyperproducers. Overall, this work contributes to
facilitate the manufacture of RV and LV based gene
therapy products by enabling to develop and engineer
robust and improved producer cells.
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P31 - CRISPR-Cas9 for controlling
baculovirus replication and increasing
production of recombinant protein
therapeutics
Mark R Bruder1, Marc G. Aucoin2,
1)

University of Waterloo, Waterloo, Canada

Background and Novelty
The Insect Cell – Baculovirus Expression Vector System
(IC-BEVS) has proven to be a robust and efficient
platform for the manufacture of recombinant proteins
for human therapeutics, virus-like particles (VLPs),
and adeno-associated virus (AAV) vectors for gene
therapy applications. However, IC-BEVS suffers from
a general lack of developed genetic tools to permit
rational genetic engineering to further improve
efficiency and yields. Replication of the baculovirus
is an inherent process of the infection cycle and may
represent a significant diversion of cellular resources
away from recombinant protein production as well
as a contaminant that needs to be purified away
for commercial applications. Although previous
studies have reduced or eliminated the production
of baculovirus by deriving various baculovirus
knockout mutants and complementing insect cell
lines, production of recombinant proteins is typically
equal to or lower than that of a replication-competent
BEV. Baculovirus proteins that are typically targeted
for deletion tend to be structural proteins that are
required for infectivity or virion assembly, however
production of other endogenous proteins may not be
affected. We believe that a reduction in endogenous
BEV proteins should allow for increased expression
of desired recombinant proteins by diverting cellular
resources from baculovirus protein production toward
production of desired molecules.
Experimental approach
The CRISPR-dCas9 system has been developed for
highly-specific, robust, and scalable transcriptional
repression in a number of eukaryotic and prokaryotic
hosts, including common mammalian and insect
cell lines. The targeting sgRNA molecules are easily
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modified to target dCas9 to virtually any gene present
chromosomally or episomally, and multiple sgRNAs
having different target sequences can be introduced
to allow for simultaneous, multiplexed transcriptional
repression. Although CRISPR-based engineering
systems have been in development for the past
decade, only recently has it been applied for genome
engineering in the most common insect cell platform
used with IC-BEVS, Sf9 cells. It has yet to be employed
for transcriptional repression in the IC-BEVS.
Results and Discussion
We have developed a Sf9 cell line constitutively
expressing the dcas9 gene and have successfully
down-regulated the expression of a fluorescent
protein (FP) reporter using transfection-based assays
in this cell line. We have confirmed repression of the
same FP reporter produced using immediate early,
late, and very late promoters in IC-BEVS, and are
currently scrutinizing targets to achieve transcriptional
repression of endogenous genes encoded by AcMNPV.
Our hypothesis is that simultaneous repression of
several baculovirus genes involved in various stages
of the infection cycle will lead to reduced baculovirus
progeny contaminating the bioprocess and concurrent
improvements in specific productivity. The CRISPRdCas9 system we have established will allow us to
further scrutinize the BEV infection process, identify
candidate genes for repression, and target several
genes for simultaneous repression in order to affect
the infection cycle and improve recombinant protein
production. We will assess our system for improved
production of model intracellular and secreted
proteins, and finally model enveloped and nonenveloped VLPs and gene therapy vectors including
Influenza and AAV.

P32 - Characterisation of a Stable
HIV-1 Packaging Cell Line Generated
Using an Automated Cell Screening
System
Alasdair JM Hood1, Laura JE Pearson1, Laura Dunne1, Joana Boura1, Kyriacos A Mitrophanous1, Hannah J Stewart1
1)

Oxford Biomedica (UK) Limited

Background and Novelty
Large-scale production of lentiviral vectors (LV)
for therapeutic applications in gene therapy is
challenging using current transient transfection
processes. The development of packaging (PaCL)
and producer cell lines (PCL) enabling the generation
of large quantities of vector will not only reduce
cost of raw materials but improve consistency
between manufacturing batches. HIV-1 PaCLs
were generated at Oxford BioMedica by stably
transfecting a HEK293T.TetR cell line which
constitutively expresses the Tet Repressor (TetR)
protein, with inducible plasmids encoding HIV1 GagPol, HIV-1 Rev and VSV-G envelope and
selectable antibiotic resistance makers. Following
antibiotic selection more than one thousand HIV1 packaging clones were isolated and screened for
their ability to produce LV using Oxford BioMedica’s
bespoke Automated Cell Screening System (ACSS).
High titre LV producing candidate PaCL clones
were selected and further screened to select the
best clones. The best candidate packaging clones
underwent a second round of Limit Dilute Cloning
to ensure monoclonality and were further screened
using the ACSS before scale-up and selection of
the best sub-clones. Large scale production of LV
can be further improved using suspension cells

that can grow in serum-free (SF) medium. Thus
the best candidate adherent PaCL sub-clones were
adapted to serum-free suspension culture.
Experimental approach
The best adherent and suspension sub-clones were
characterised with the aim of identifying the traits
of high titre LV producing packaging clones and to
evaluate if the process of adaption to suspension
had an effect on the stability and productivity of
the clones. The adherent and suspension sub-clones
were assessed for LV productivity in relation to the
HIV-1 GagPol and VSV-G integrated copy numbers.
In addition reverse transcriptase activity (HIV-1
GagPol) and protein expression (HIV-1 GagPol, VSV-G
and TetR) were evaluated by western analyses.
Results and Discussion
This characterisation has allowed us to identify
beneficial ranges of integrated copy numbers and
determine the effect that adaptation to suspension
culture has on sub-clones. This information
aids in identifying key parameters necessary for the
generation of high titre LV producing suspension
PaCL and PCLs.
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P33 - Media Formulation for the
Growth of Vero Cells in Suspension
Megan Logan1, Marc Aucoin1
1)

University of Waterloo, 200 University Ave W, Waterloo, ON, Canada

Background and Novelty
Vero cells have been used as a robust manufacturing
platform for human vaccines for over 30 years, making
them one of the most widely accepted continuous cell
lines by regulatory authorities in over 60 countries.
They are used as the replication host for production
of approved and candidate vaccines against polio,
rabies, Japanese encephalitis, and influenza A viruses.
One of the major drawbacks to using Vero cells is their
anchorage dependence and relatively low cell density
of 5x106 cells/mL in cell culture which severely limits
the volumetric productivity (yield). The requirement
of a solid support matrix for cell adherence and
proliferation greatly increases the cost and limits
scalability, and although various methods have been
developed for scale-up such as the use of roller
bottles, cell stacks, and microcarriers, the cost of these
extra materials remains a major limitation for the
economical production of vaccines. Cost reduction is a
viable option through the manufacture of vaccines by
developing a Vero cell line capable of robust growth
in suspension culture, resulting in higher cell density
and increased volumetric productivity and scalability.
To date, very little work has been done on formulating
a media specific for serum-free suspension growth of
Vero cells.
Experimental approach
Potential media formulations for suspension cultures
were screened using a 23 factor Plackett-Burman
design of experiments. Cells were first adapted to
serum-free growth by using the commercial media
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OptiPROTM SFM and then placed in non-tissue culture
treated T25 flasks and slowly adapted to 24 different
media formulations. The first set of experiments
identified key media components to support serumfree growth by tracking cell density and viability.
One of the media formulations supported single cell
growth in suspension after 45 days of culture, although
they had a very slow doubling time. Current work is
focused on improving on this medium formulation to
support better growth.
Results and Discussion
The goal of this work was to develop a media formulation
to support the growth of Vero cells in suspension.
The base media for this work was DMEM/F12 with
a reduced concentration of Ca2+ and Mg2+ to reduce
the cell’s ability to bind to each other via cadherin.
For the first iteration of the Plackett-Burman (PB1),
recombinant epidermal growth factor (rEGF), selenite,
sodium pyruvate and ethanolamine had a positive
effect on cell growth, although none of the media
formulations could support sustained suspension cell
growth. The second iteration (PB2) focused more on
trace metals (vanadium, molybdenum, and nickel) and
amino acids (asparagine, aspartic acid, glutamic acid,
glutamine, ornithine, leucine, lysine and methionine).
It was found that higher amounts of asparagine and
aspartic acid coupled with low amounts of glutamic
acid and glutamine and trace metals supported high
cell viability and suspension cell growth over 46 days.
On going trials are being done to improve the growth
by adding antioxidants, additional trace metals and
pyrimidines/purines.

P34 - Use of an Automated Cell
Screening System for the generation
of stable packaging and producer cell
lines for the manufacture of lentiviral
vectors
Louis Frost1, Joana Boura 1, Laura JE Pearson 1, Alasdair Hood 1, Laura Dunne 1, Kyriacos A Mitrophanous 1,Hannah
J Stewart 1
1)

Oxford Biomedica (UK) Limited

Background and Novelty
Large-scale production of lentiviral vectors (LV) for
therapeutic applications in gene therapy is necessary
to achieve the full potential of this technology. One
way of achieving this is through the development of
packaging and producer cell lines (PaCL/PCL) capable
of producing large quantities of LV with improved
batch consistency and at reduced costs. To generate
PaCL/PCLs, clone isolation by limiting dilution cloning
(LDC) is required. However, current manual processes
are time consuming and labour intensive, limiting the
number of clones that can be screened (~200). Oxford
BioMedica has developed a bespoke Automated Cell
Screening System (ACSS) which uses state of the
art automation capable of high-throughput (HTP)
isolation, screening and processing of up to 3000
clones.
Experimental Approach
A number of ACSS campaigns have been performed
to generate LV PaCL and PCLs. With each campaign
the ACSS was used to isolate and screen between
400 and 1400 LV packaging or producer clones with
the aim of isolating cell lines that can produce high

titre LV. Inducible LV packaging plasmids were stably
transfected into a HEK293T cell line stably expressing
the TetR protein, and when PCLs were generated the
LV genome was further included. The ACSS was used
to LDC the stably transfected cells in 96-well plates
followed by monoclonality monitoring. HTP screening
was performed to assess LV productivity of the clones
from which a number of clones were selected for
further analysis at larger scale.
Results and Discussion
The isolation and evaluation of larger numbers of
clones (>400) has led to the selection of LV producing
clones with higher titre than previously achieved
when screening smaller numbers of clones manually.
Furthermore, LV titres generated by the selected
candidate clones were greater or comparable to
those achieved using current transient transfection
processes.
In conclusion, automating the various stages of LV cell
line generation enables a far greater number of clones
to be screened which ensures the isolation of high
titre LV producing cell lines.
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3
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Background and Novelty
The importance of enveloped virus-like particles
(VLPs) as gene delivery tools or vaccines is growing.
This leads to a demand in modern and flexible
purification processes for enveloped VLPs. However,
the specific constraints of these structures difficult a
reliable monitoring. In this work the purification of
GFP fluorescent enveloped VLPs was attained by QA
monolith chromatography.
Experimental approach
We developed a fast and single column anionexchange chromatography method for HIV-1 GagGFP VLPs produced in HEK293 cell line by transient
transfection. Clarified HEK293 cell culture supernatant
was filtered and directly loaded on the monolith
column. Orthogonal characterization was performed
from the purified samples: particle detection was
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assessed with an offline fluorescent-MALS-method
and Nanoparticle Tracking Analysis (NTA). Further
particle characterization was done with HPLC SECMALS and TEM methods.
Results and Discussion
VLPs were eluted by linear and step salt gradient
elution where DNA and host cell proteins were
effectively depleted from the fluorescent VLPs. The
majority of host cell related impurities passed the
column without binding. A total recovery of 66% for
the fluorescent particles was achieved with a 50%
yield in the product peak. Host cell proteins and DNA
were depleted by 95% and 94%, respectively, and
the HIV-1 Gag-GFP VLPs were concentrated 17-fold
to final a concentration of 4.5E+10 particles/mL (size
range 100-200 nm). These results offer great promise
for large scale purification of enveloped VLPs.

P36 - Pseudotyped HIV-1 based VLPs
for targeted delivery of bioactive
recombinant proteins
Mafalda M Dias1,2, João Vidigal1,2, Daniela P Sequeira1,2,4, Marco Patrone3, Manuel JT Carrondo1,2, Paula M Alves1,2,
António Roldão1,2, Ana P Teixeira1,2,4
iBET – Instituto de Biologia Experimental e Tecnológica, Apartado 12, 2781-901 Oeiras, Portugal
Instituto de Tecnologia Química e Biológica António Xavier, Universidade Nova de Lisboa, Av. Da República,
2780-157 Oeiras, Portugal
3)
Biocrystallography Unit, San Raffaele Scientific Institute, 20142 Milano, Italy
4)
ETH Zurich, Department of Biosystems Science and Engineering, Mattenstrasse 26, 4058 - Basel, Switzerland
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Background and Novelty
The delivery of bioactive proteins into the cytosol
and nucleus of living cells revealed great potential to
accomplish specific and transient cellular tasks such
as controlling gene expression and reprogramming
cells, circumventing the insertional mutagenesis
of transgenes into the host cell genome. Because
of its importance for unmet medical applications,
as well as its usefulness in fundamental research,
it is of the utmost importance to develop safe and
efficient methods for protein transfer. However,
there are barriers to overcome in order to have an
efficient protein delivery system such as inefficient
uptake, endosomal entrapment, delivery that such be
restricted to certain cell types, and damage to cells
in the delivery process. On the other hand, viruses
have developed naturally several mechanisms to
overcome those barriers and deliver, inside the host
cell, their viral content. Retroviral vectors, such as HIV1, are often used for gene delivery and packaging
proteins, namely Gag, can be used as safer alternatives
as virus-like particles (VLPs) to deliver proteins to
cells. Moreover, to achieve the required tropism,

the fine-tuned expression of specific envelope
glycoproteins on top of Gag-VLPs can be crucial. In
this case, through gathered knowledge from viral
vectors and virus itselves, different pseudotyped
Gag-VLPs were rational generated with expression
of Baculovirus envelope glycoprotein gp641but has
several drawbacks including cytotoxicity, potential
for priming of immune responses against transgene
products through efficient transduction of antigenpresenting cells (APCs and Human Cytomegalovirus
glycoproteins gB and gH/gL/gO2gH, gL, UL128,
UL130, and UL131 (gH/gL/UL128-131, through stable
expression in an established RMCE-insect cell line3.
Experimental approach
We implemented a site-specific recombinasemediated cassette exchange (RMCE) strategy to
establish a reusable HIV-1 Gag-expressing insect cell
line for constitutive and fast production of bioactive
proteins fused to Gag-VLPs. The Hi5 insect cell line
initially tagged with a Gag-iCherry-expressing cassette
holding two flipase recognition target sites (FRTs),
one within the fusion linker of Gag-iCherry, can be
replaced by a cassette encoding the selected protein
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via flipase (Flp) recombination3. The best cell clone
was then transfected with a plasmid encoding the
desired envelope glycoproteins gp64 or gB and gH/
gL/gO, and selected with zeocin for stable expression.
Stable production of pseudotyped Gag-VLPs by Hi5RMCE cell line was evaluated and titer determined by
p24 ELISA. Pseudotyped Gag-VLPs characterization
was performed by electron microscopy and western
blot. Finally, the cell line transduction capacity was
evaluated for each type of pseudotyped gag-VLP.
Results and Discussion
We have developed a safer and robust protein
delivery using pseudotyped Gag-VLPs that can deliver
bioactive proteins in their native state into target cells.
iCherry reporter protein was incorporated into the
VLPs from stable producer cells without viral-encoded
genetic material and, by means of RMCE, virtually
every bioactive protein can be incorporated inside
the VLP. We have demonstrated the effectiveness
of this technology by delivering iCherry reporter
protein as biologically active protein in vitro. Our
results show that Hi5-RMCE cells are able to provide
high titers of pseudotyped Gag-VLPs from a single-
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copy integration. The random integrated cassette
was amenable to express envelope proteins using
constitutive promoter. As an alternative to the
traditional fusogenic VSV-G, we stably produced
Gag-VLPs pseudotyped with the gp64 envelope
glycoprotein from baculovirus and with the Human
Cytomegalovirus glycoproteins gB and gH/gL/gO. We
demonstrated for the first time that both pseudotyped
Gag-VLPs could be delivered efficiently in vitro. In
addition, we found that gp64-pseudotyped could
efficiently transduce a variety of cell lines in vitro,
while gB and gH/gL/gO showed a more restricted
tropism for fibroblasts. Both gB and gH/gL/gO and
gp64-pseudotyped Gag-VLPs nevertheless has
advantages over traditional VSV-G, because of its lack
of cytotoxicity and narrower tropism, making them
attractive alternatives. Moreover, herein engineered
producer cell line containing a flexible gene
expression system enables the continuous production
of tailor-made recombinant of pseudotyped HIV-1based VLPs with predictable productivities through
targeted integration. This highly flexible platform
can be harnessed to further explore the delivery of
therapeutic proteins.

P37 - Large scale manufacturing
of lentiviral vectors: scale-up
considerations
C. Mones Colom, C. Knevelman, R. Carter, H. Pardo, M. Mcfarlane, P. Jones, K. Mitrophanous, J. Miskin
Oxford BioMedica (UK) Limited, Windrush Court, Transport Way, Oxford, OX4 6LT, UK
c.monescolom@oxfordbiomedica.co.uk

Background and Novelty

Experimental Approach

The number of high profile products based on
cell and gene therapies has increased dramatically
over the past few years. Consequently, advanced
therapeutics now attracts significant interest from the
wider Biotech/Pharma and investment communities.
This will result in increasing numbers of approved
products based on these therapies. For the past 20
years, Oxford BioMedica (OXB) has been a pioneer
in the development of products based on lentiviral
vectors. OXB use broad CMC, clinical and regulatory
experience and know-how to facilitate development
of lentiviral vectors for OXB pipeline products and for
those of our strategic partners. To support this, OXB
has developed a suspension cell culture manufacturing
process capable of generating lentiviral products with
suitable quality attributes and at the capacity and cost
of goods required to provide security of GMP supply.

Initial process development in shake flasks was
translated to 5 L laboratory scale bioreactors in order
to understand parameters that were important for
scale-up. Modelling methodologies were utilised at
500 mL and 5 L bioreactor scales to determine the
limitations of the scale up. Following this, suitable GMP
scale bioreactors were selected and appropriate scale
down models of the various manufacturing process
steps were identified. Scale-up was first verified at 50
L pilot scale and then at 200 L manufacturing scale.
Results and Discussion
The applicability of the resulting platform process has
now been repeatedly demonstrated successfully at
200 L manufacturing scale with a variety of lentiviral
vector based products.
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