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Fusion Proteins – delivering novel therapeutic options
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Key note lecture

Genetic Engineering in Cell Culture Technology:
A forward-looking review

Hansjörg Hauser, Helmholtz
Centre for Infectious Diseases

Molecular cloning of genes encoding biologicals enabled the
production of the respective proteins from mammalian cells.
In particular, the systematic development and engineering of
antibodies opened up a broad demand and subsequently, a
huge market for such biological therapeutics.
With the improvement of analysis technologies crucial cellular
pathways (e.g. apoptosis and glycosylation) were unraveled
and allowed the exploration of their relationship to product
quality and production. Today, many of these parameters are
well understood and form the basis of current engineering.
While for most products high expression and quality can be
achieved, rapid and predictable expression/cultivation systems
are needed.

In this talk, the impact of genetic engineering and analysis on current cell culture technology will
be presented. Emphasis will be put on ongoing and future developments in this field. Today, the
deep sequence analysis and its refinement on the single cell level will uncover more details about
properties of cell populations during biopharmaceutical production. Systems biology approaches
aim at understanding these processes as a whole. Novel and more efficient genome editing
methods together with synthetic biology approaches will form the basis for improved genome
engineering and will open up the way towards designer cells for future technologies of protein
pharmaceuticals.
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Overview

Half-life extension

Therapeutic fusion proteins: Current trends and challenges

PASylation®: design of biologics with extended plasma half-life by
genetic fusion with structurally disordered Pro/Ala-rich sequences
as an alternative to chemical PEGylation

Stefan R. Schmidt,
Rentschler Biotechnologie

Fusion proteins belong to the most lucrative biotech drugs - with
Enbrel® being one of the best-selling biologics ever. Since releasing Enbrel® in 1998 as the first de novo designed therapeutic
fusion protein, the highly diverse pipeline is constantly growing
with more than 80 molecules in clinical trials and five newly
approved molecules in 2014 alone. This dynamic growth is primarily driven by three trends: Establishing platform technologies to
extend plasma half-life, innovative approaches addressing multiple targets simultaneously and novel toxic constructs with superior
selectivity. Fusion proteins combine the properties of two or more
unrelated proteins, thus simplifying drug delivery and enabling
equal biodistribution. These specific functionalities can lead to
clear therapeutic benefits not achievable with traditional biologics
such as antibodies. This presentation delivers an introduction to
the field and summarizes the fusion proteins that are approved for
the market and those that are currently in clinical trials, highlighting also some of the challenges related to that molecule class.

Rapid clearance from blood by renal filtration is a typical drawback
of most therapeutic proteins and peptides (except for full size
antibodies), including established biologics such as hormones,
growth factors, cytokines and enzymes, but also immunoglobulin
fragments (Fab, scFv or single domain). Chemical conjugation with
poly-ethylene glycol (PEG), which expands the effective molecular
size beyond the threshold of kidney filtration, is a well known strategy to prolong the short plasma half-life of biopharmaceuticals
to a clinically useful range. However, coupling with the synthetic
polymer PEG requires expensive material and additional downstream procedures and, furthermore, PEG can accumulate in tissues due to its missing biodegradability.

Prof. Arne Skerra,
Conformationally disordered polypeptide chains comprising the
XL-Protein
small amino acid residues Pro, Ala, and/or Ser (PAS) with large
hydrodynamic volume offer a biological alternative. PAS sequences are hydrophilic, uncharged biological polymers with biophysical properties surprisingly similar to PEG, leading to prolonged circulation
via retarded kidney filtration. PAS polypeptides offer both chemical coupling and fusion to a biological
drug on the genetic level. Conjugation with PAS sequences of 100-1000 residues is easily accomplished and extends plasma half-life up to 2 orders of magnitude. The genetic fusion with premade
optimized PAS gene cassettes permits facile production of fully active proteins in bacteria, yeast or
mammalian cell culture.
PAS polymers are biodegradable, hence avoiding organ accumulation, while showing stability in
plasma and lacking toxicity or immunogenicity in animals. PASylation has been successfully applied
to a range of biopharmaceuticals such as interferon, leptin, exenatide and Fab fragments and tested
in numerous animal models up to non-human primates. The first PASylated drug candidate is currently
on its way to the clinic. Taken together, PASylation provides a modular enabling technology to design
superior therapeutic proteins and peptides as well as biobetters.
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Scalable bioprocess solutions:
BioBLU® rigid-wall single-use vessels

Half-life extension

Recombinant albumin fusion proteins and half-life extension

Hubert J. Metzner,
CSL Behring

The half-life extension of biopharmaceuticals is an objective that
has been extensively studied. In particular, patients who are in
need of intravenously or subcutaneously applied products over an
extended period of time will benefit mostly from a reduced application frequency and more stable circulation levels of the product.
Besides other technologies, the fusion to albumin has been
investigated as an important tool to extend the half-life of biopharmaceuticals. Albumin provides several specific properties that
suggest it as an ideal fusion candidate. Albumin for instance has
a very long half-life, is a particularly stable natural carrier protein
without enzymatic or effector function, and increases the half-life
of connected biopharmaceuticals via known mechanisms. Due to
its versatility several recombinant fusion proteins containing albumin were investigated pre-clinically and clinically and two albumin
fusion proteins meanwhile obtained marketing authorizations. One
example of an albumin fusion protein comprising a human blood
coagulation factor is rIX-FP (IDELVION®), a recombinant fusion
protein linking coagulation factor IX with albumin. A specific product design has been developed for rIX-FP to optimize the specific
activity of this product. The properties of rIX-FP will be discussed
in more detail including the advantages Haemophilia B patients
may take of this development.
Involved: Hubert J. Metzner, Thomas Weimer,
Stefan Schulte, CSL Behring

Highly Scalable
Eppendorf for bioprocess—Solutions that grow with you
With renowned expertise in plastics
manufacturing, Eppendorf is proud
to offer a complete range of scalable
single-use vessels compatible with
a wide variety of benchtop control
systems from Eppendorf.
Adaptor kits for legacy and third-party
bioreactor controllers are available.

> Proven for animal and human cell
lines as well as bacteria and yeasts
> Working volumes of 100 mL – 40 L
in cell culture and 65 mL – 3.75 L
for microbial applications
> User-friendly set-up for shorter
development times and lower
operating costs

www.eppendorf.com/BioBLU
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Toxic constructs

Toxic constructs

Hexavalent fusion proteins for cancer treatment and immune
modulation: TRAIL, CD40L and beyond

TNF superfamily (TNFSF) ligand fusion proteins with enhanced
receptor stimulatory activity

Tumor necrosis factor receptor superfamily (TNFRSF) proteins are
widely expressed by immune and tumor cells highlighting their
importance in multiple locations and phases of the anti-tumor
immune response. Whereas agonistic stimulation of TRAIL-Receptor-1 or -2 can directly induce apoptosis in tumor cells, signaling
through many TNFRSF members, such as CD40, CD27, OX40,
HVEM, GITR and 4-1BB, results in co-stimulation of immune cells.
Therefore, agonistic stimulation of certain members of the TNFRSF
is considered to have a positive impact on immune-based therapeutic concepts in clinical oncology.
Apogenix is currently developing a novel class of TNFRSF-agonists
for the treatment of cancer. These agonists are molecular mimics
Oliver Hill, Apogenix
of the cytokines belonging to the tumor necrosis factor superfamily
(TNFSF). Unlike their natural counterparts, the Apogenix recombinant TNFSF proteins consist of one single polypeptide chain composed of three receptor-binding
domain-forming subunits (called protomers). These single-chain TNFSF receptor-binding domains
(scTNFSF-RBD) preserve the three-dimensional organization of the trimeric natural TNFSF cytokine and
can be used to engineer fully human fusion-proteins in a modular manner. For example, fusing an IgG1
Fc-domain as a dimerization scaffold to the C-terminus of a scTNFSF-RBD creates a homodimeric, but
hexavalent, agonist from two trivalent scTNFSF-RBDs. As a result of this molecular design, each scTNFSF-RBD-Fc fusion protein is capable of clustering six receptors, in a spatially well-defined manner,
in close proximity to each other.
Consequently, the activity of the hexavalent scTNFSF-RBD-Fc-based agonists is independent of secondary clustering through Fc-γ receptors in vivo unlike many agonistic anti-TNFRSF antibodies (e.g.,
anti-TRAIL-R2 or anti-CD40).
The described engineering concept has been successfully translated to TRAIL, CD27L, CD40L, LIGHT
and OX40L resulting in hexavalent agonists suitable for further development. We will present the
molecular layout and the current results obtained for the TRAIL-R-, CD27- and CD40-agonists.

Harald Wajant,
University of Würzburg

The ligands of the TNFSF are transmembrane proteins with an
extracellular TNF homology domain (THD). The THD mediates the
assembly into trimeric proteins but is also crucial for binding of
receptors of the TNF receptor superfamily (TNFRSF). Due to proteolytic processing TNFSF ligands also occur as soluble molecules.
The soluble TNFSF ligands typically retain the trimeric organisation and receptor binding-abilities of their membrane-bound counterparts. In all cases, binding of membrane-bound TNFSF ligands
results in strong receptor activation. TNFRSF receptors, however,
differently respond to soluble TNFSF ligands. While a subgroup
of TNFRSF receptors is strongly activated by their soluble ligands,
another subgroup of TNFRSF receptors binds soluble ligands but
afterwards fails to engage intracellular signaling. Thus, in the TNFSF
binding of ligand is not necessarily sufficient for receptor activation.

Activation of TNFRSF receptors occurs in two steps: Initially, ligand trimers interact with three
receptor molecules and form inactive trimeric ligand receptor complexes. Then in a second step, these
inactive complexes auto-assemble into active supramolecular receptor clusters. Receptors of the
TNFRSF possess a weak affinity for each other which in the case of the pre-orientated poorly mobile
membrane-bound TNFSF ligands is sufficient to trigger spontaneous cluster formation. In the case of
soluble TNFSF ligands, however, the auto-affinity of some TNFRSF receptor types is too low to drive
the secondary clustering of ligand-receptor complexes resulting in insufficient receptor activation.
Based on this model of TNFRSF receptor activation, we rationally identified oligomerization and cell
surface-anchoring as two strategies to overcome the poor receptor stimulating-activity of soluble
TNFSF ligand trimers. This will be exemplified by help of TNFSF ligand fusion proteins containing
multimerization scaffolds or cell surface structure-binding protein domains.

Involved: Christian Gieffers, Christian Merz, David M. Richards, Tim Schnyder, Jaromir Sykora,
Meinolf Thiemann, Harald Fricke and Oliver Hill, Apogenix
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A fully automated biochemistry analyser in benchtop size
Determine process relevant data as concentrations of substrates, metabolites or protein.
The fast and reliable way
Unattended measurement
Place your samples, program the analysis and leave the instrument on its own.
Follow your daily routines and come back later when measurements have finished.
Low calibration frequency / High reproducibility
Calibration is required by change of reagent lot.
Ease of use
Run hundreds of analyses without any
maintenance task such as replacing reagents,
calibration or refilling supply water.
Auto re-run option
Automated sample dilution at the event of
over-range with automated accuracy.
High flexibility
Freedom of combining any methods per cycle you want.
Create profiles and process IDs to supervise your bioprocess over time.
Over 20 Assays available.

Toxic constructs

Antibody-ribonuclease fusion proteins (ImmunoRNases)
for cancer therapy

Degradation of RNA by ribonucleases (RNases) is now recognized as an important therapeutic intervention in anticancer drug
development. Unlike other members of the RNase A superfamily,
amphibian Onconase has evolved as a cytotoxic ribonuclease
protein that selectively kills many types of human cancer cells.
Onconase is the only RNase of this class that has progressed as
a single therapeutic agent into clinical trials for the treatment of
cancer patients. To achieve tumor selective targeting and at the
same time improve the therapeutic efficacy of Onconase we have
developed antibody-Onconase immunoconjuagtes and immunofusion proteins, respectively. The potential of these molecules as
novel immunotherapeutic compounds for the treatment of blood
borne cancers and epithelial malignancies will be discussed.

Jürgen Krauss,
University of Heidelberg

Particle Solutions

For CEDEX, CEDEX HiRes and CASY

OPTOCELL GmbH & Co. KG
Meisenstraße 96
D-33607 Bielefeld ∙ Germany

Particle Concentration Standard,
traceable by PTB Standards
Linearity Standard for System Suitability Test

www.optocell.com
info@optocell.com

For Automatic Focus Adjustment

Fon:
Fax:

For Viability Check (100%, 80%, 60%, 30%)

+49 (0) 521 / 2997 -300
+49 (0) 521 / 2997 -285
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Antibody derived molecules

Antibody derived molecules

Antibody-cytokine fusion proteins: a novel class of biopharmaceuticals for the treatment of cancer and of chronic inflammation

COVA322 Case Study – Development of a Novel anti-TNF/
anti-IL-17A Bispecific FynomAb

Dario Neri, ETH Zürich
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Antibodies can be used to deliver bioactive molecules (drugs,
cytokines, photosensitizers, radionuclides, etc.) to the tumor
environment, thus sparing normal tissues. The antibody-based targeting of certain modified extracellular matrix (e.g. splice isoforms
of fibronectin and of tenascin-C) is particularly attractive, as these
antigens represent accessible, abundant and selective tumorassociated antigens [Refs. 1-5].

The presentation will provide an overview of the FynomAb technology to generate bi- and trispecific molecules by genetically fusing
human Fynomer binding proteins to antibodies. The latter results
in therapeutics proteins with novel modes of action and enhanced
efficacy in the treatment of inflammatory diseases and cancer. The
ability to fuse Fynomers to multiple sites on an antibody allows to
create FynomAbs with tailored architectures to maximize efficacy.

In this lecture, I will present an overview of preclinical and clinical
product development activities, performed by my group in collaboration with Philogen (www.philogen.com), for the development of
antibody-cytokine fusion proteins (also termed “immunocytokines“).
A number of products, featuring IL2 or TNF as pro-inflammatory
payloads, have moved to advanced clinical trials in oncology, while
other immunocytokines (based on anti-inflammatory payloads)
are currently being considered for the treatment of rheumatoid
arthritis, inflammatory bowel disorders and other conditions.

Here we present preclinical data and CMC properties of COVA322
a bispecific anti-TNF/IL-17A FynomAb developed for the treatment
of inflammatory diseases such as rheumatoid arthritis, psoriatic
arthritis, psoriasis and ankylosing spondylitis. The FynomAb
COVA322 consists of a fully human, clinically validated anti-TNF
antibody and anti-IL-17A Fynomers genetically fused to C-terminal
light-chains of the antibody. COVA322 has a unique mode of action
as it inhibits with picomolar potency TNF as well as IL-17A.

Nadja S. Prang PhD, MBA, CMC
Project Manager on behalf of
Covagen AG, Switzerland

COVA322 has excellent, antibody-like drug properties and was produced under GMP conditions using standard antibody production
technology.
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Antibody derived molecules

Bispecific scaffolds

Boosting natural killer cell-mediated lysis of lymphoma cells by
combining therapeutic antibodies and bispecific immunoligands

Matthias Peipp,
University of Kiel

Antibody-dependent cell-mediated cytotoxicity (ADCC) represents a major effector mechanism of many clinically approved
monoclonal antibodies. Here, novel bispecific immunoligands
were designed and compared for their abilities to boost ADCC in
an attempt to design an effective antibody combination strategy.
The immunoligands are single chain molecules, with a scFv fused
to ULBP2 or B7-H6, which are ligands of the activating NK cell
receptors NKG2D and NKp30, respectively. Both immunoligands
augmented ADCC by NK cells synergistically when combined with
the lymphoma-directed antibodies rituximab or daratumumab recognizing CD20 and CD38, respectively. ADCC activity was increased
up to 10-fold. Enhancement of ADCC by the immunoligands was
also achieved when NK cells from lymphoma or leukemia patients
were analyzed as effector cells. In conclusion, co-targeting of activating NK cell receptors and FcgRIIIa may represent a promising
approach to further enhance the efficacy of therapeutic antibodies.
Based on these results we propose a ‘dual-dual-targeting’ concept
by co-targeting of two surface antigens on tumor cells and concomitant engagement of two different activating NK cell receptors.

I want to

Work more effectively
with my external partners

E-WorkBook
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Seamless working with third-party collaborators. Embrace the future.
Collaborative working puts you in control of your innovation, no limits
or barriers accessing new technologies and skills.
E-WorkBook Connect gives you the tools you need to work with
externalized research partners more efficiently.
Connecting ideas and minds, simply.
Achieve more. Visit idbs.com/connect

Bispecific scaffolds

Development of TandAbs for hematological and solid tumors

The future lies within

Erich Rajkovic,
Affimed

Advance the potential of your cell culture
with integrated Roche Cedex solutions
The Cedex Bio HT Bioprocess Analyzer and
Cedex HiRes High Resolution Cell Analyzer
offer exceptional data reliability and near-automated
integration during the cell cultivation process.

Affimed engineers targeted immunotherapies, seeking to cure
patients by harnessing the power of innate and adaptive immunity (NK- and T-cells). We are developing single and combination
therapies to treat cancers and other life-threatening diseases, initially focusing on hematological and solid tumors. Leveraging our
proprietary, next-generation TandAb platform, we have developed
a pipeline of promising clinical and preclinical bi- and trispecific
antibody product candidates. TandAbs and trispecific Abs are
immune cell-engaging antibodies with a tetravalent architecture
characterized by four binding domains. Binding to targets on both
the immune and the tumor cell, they redirect immune cells and
establish a bridge between either NK-cells or T-cells and cancer
cells, triggering a signal cascade that leads to the destruction of
cancer cells. In clinical studies, our products have already demonstrated promising signs of therapeutic activity in patients.
The presentation will present the TandAb technology with a focus
on early discovery / development programs. Functional data in
the context of TandAb candidate selection and the transition
of TandAb candidates from discovery to development will be
discussed.

Higher accuracy, less variation between samples
Operating convenience and ease of use
� Flexible plug-and-play reagent format
� Receive outstanding service and support
�
�

Be confident. Be assured.
Look into the future.
Scan for your solution.
custombiotech.roche.com/cedex
For use in quality control/manufacturing processes only.
CEDEX is a trademark of Roche.
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Roche Diagnostics GmbH
Sandhofer Straße 116
68305 Mannheim, Germany
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Bispecific scaffolds

Bispecific scaffolds

Nonclinical Assessment of Bispecific T-cell Engaging Antibody
Constructs (BiTE®) and their Transition into the Clinic

Targeting of HER2 Receptor with Biparatopic DARPin Binders

Bispecific T-cell engagers, commonly referred to as BiTE®
antibody constructs, are comprised of two different flexiblylinked single-chain antibodies, one directed against a tumorantigen and one targeting CD3. BITE® antibody constructs can
transiently link tumor cells with resting polyclonal T cells for
induction of a surface target antigen-dependent re-directed
lysis of tumor cells, closely mimicking a natural cytotoxic T-cell
response. BLINCYTO® (blinatumomab) was approved by the
FDA in December of 2014, for the treatment of patients with
Philadelphia chromosome-negative (Ph-) relapsed or refractory
B-cell precursor acute lymphoblastic leukemia (ALL).
With this approval, BLINCYTO® became the first FDA-approved
Benno Rattel, Amgen
bispecific T-cell engaging biologic, and the first single-agent
immunotherapy to be licensed for the treatment of patients
with Phrelapsed or refractory B-cell precursor ALL. BLINCYTO® was granted Breakthrough Therapy
designation just a few months before the filing of the BLA.

Intermolecular crosslinking of extracellular domains I and IV of
HER2/ErbB2 by biparatopic designed ankyrin repeat proteins (DARPins) yields a signaling-incompetent receptor incapable of productive homodimerization or heterodimerization with other EGFR family
members. Consequently, dephosphorylation ofHER2 and HER3 in
HER2 overexpressing cancer cells results in a persistent attenuation of both PI3K/PKB and RAS/MAPK pathway, and elicits apoptosis
in 2D and 3D cell culture model as well as in tumor-bearing mice
via induction of the pro-apoptotic protein BIM and caspase-9.
Furthermore, the interdomain HER2 trapping was shown to inhibit
EGFR or HER3 ligand-induced receptor dimerization, consequently
blocked cell motility, invasion and spheroid morphogenesis.
Martin Schwill,
Finally, the sustained inhibition of both routes, HER3/PI3K/AKT
University of Zurich
and HER2/RAS/PI3K/AKT overcomes feedback loops buttressing
the network robustness and plasticity, which otherwise reactivate
the ErbB signaling network and rescue cancer cells from undergoing apoptosis. We found by systematic
analysis of receptor downstream signaling that biparatopic DARPins, in contrast to both clinical antibodies trastuzumab and pertuzumab, inhibit critical signaling nodes which mediate adaptive signaling
upon upstream receptor perturbation. By interferences with siRNA or inhibitors, we could characterize
these critical signaling nodes and design combination therapies that mimic biparatopic DARPins mode
of action. The insights gained from our study will aid in rational design of novel ErbB2-targeted
therapeutics with improved potential to avoid adaptive cancer response to therapy and potentially
prevent the formation of acquired resistance. The structure- and mechanism-based engineering of
ErbB2 ligands, which induce cell-specific apoptosis, may become an important component of future
therapies.

This presentation will describe the nonclinical development of BLINCYTO® paying particular
reference to the evolving regulatory landscape encountered during the lifecycle of the drug to date.
Strategies for nonclinical assessment, for defining a safe clinical starting dose and lessons learnt in
the clinic will be presented for various BiTE® antibodies.

Involved: Martin Schwill, Rastislav Tamaskovic and Andreas Plückthun, University of Zurich
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