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>>> Monday 20th October 2008

12:00-15:00	 Reception and registration. Lunch

15:00-16:00	 Welcome by Organizers and Opening Conference

Greg Winter, Medical Research Council Laboratory of Molecular Biology, 
Cambridge, UK
The evolution of antibodies*

SESSION I 

Chair: 

Luis Álvarez-Vallina, Hospital Universitario Puerta de Hierro - HUPH, Madrid, Spain

16:00-16:30	 Serge Muyldermans, Vlaams Interuniversitair Instituut voor 			
	 Biotechnologie, Vrije Universiteit Brussel, Brussels, Belgium
	 Camel single domain antibodies for therapeutic and research 	
	 applications 

16:30-17:00	 Coffee break and poster session

17:00-17:30 	 Andreas Plückthun, University of Zürich, Switzerland
Engineering repeat proteins for therapy using combinatorial and 
evolutionary technologies

17:30-18:00	 Peter Kristensen, University of Aarhus, Denmark
Targeting the signalosome in angiogenesis, using recombinant 
antibodies 

18:00-18:30	 Stefan Dübel, Technical University of Braunschweig, Germany
Engineering the “front and far ends” of human antibody 
fragments

18:30-19:30 	Poster session and Networking refreshments

*Abstract not avaliable



>>> Tuesday 21st October 2008

SESSION II  
Chair: 
Jorge Martinez-Torrecuadrada, CNIO, Madrid, Spain

9:30-10:00	 Josefin-Beate Holz, Ablynx, Ghent/Zwijnaarde, Belgium
Nanobody® development from bench to bedside 

10:00-10:30 	 Roland Kontermann, Institut für Zellbiologie und Immunologie 		
	 Universität, Stuttgart, Germany 

Strategies to improve pharmacokinetic properties of small 
recombinant antibodies

10:30-11:00 	Coffee break and poster session

11:00-11:30 	 Xiao-Qing Qiu, West China Hospital, Sichuan University, P. R. of China
The generality of VHCDR1-VHFR2-VLCDR3 antibody mimetics

11:30-12:00	 Mats Ohlin, Lund University, Sweden
Recombinant antibodies in proteome and immunome research – 
Create health and beyond

12:00-12:30 	 Luis Ángel Fernández, CNB- CSIC, Madrid, Spain
Use of E. coli protein secretion systems for expression and 
selection of Nanobodies 

12:30-14:30	  Lunch and poster session

SESSION III 
Chair: 
Luis Ángel Fernández, CNB-CSIC, Madrid, Spain

14:30-15:00 	 George Georgiou, University of Austin, Texas, USA 
A platform technology for the selection, engineering of Fc 
domains for optimal ADCC and preparative expression of full 
length IgGs in E. coli

15:00-15:30 	 Itai Benhar, Tel Aviv University, Israel
Production of IgG antibodies and IgG-fusion proteins in E. coli 
by refolding

15:30-16:00 	Coffee break and poster session



>>> Tuesday 21st October 2008 (cont.)

16:00-16:30 	 Terence Rabbitts, Leeds Institute of Molecular Medicine, Leeds, UK
Using antibody fragments to understand and interfere with lung 
cancer in pre-clinical models

16:30-17:00 	Helen Dooley, Departament of Microbiology & Immunology, 
	 University of Maryland School of Medicine, Baltimore, USA 

Shark immunity bites back: the story of IgNAR single-domain 
antibodies

17:00-17:20 	 Marta Ayala, Center for Genetic Engineering and Biotechnology, 		
	 Havana, Cuba

Short-talk: A fully human phage scFv antibody fragment that 
blocks human VEGF-KDR interaction and defines a novel 
neutralizing epitope on human VEGF

17:20-17:40 	 Kurt De Groeve, VUB-VIB, Brussels, Belgium
Short-talk: Generation of nanobodies against dendritic cell surface 
molecules for Ag delivery to different DC-populations in situ

17:40-18:00 	 Patrick Chames, CNRS, Marseille France
Short-talk: Efficient cell-mediated cytotoxicity using domain 
antibody-based bispecific molecules for cancer therapy

18:00	 Bus to organized dinner of the Symposium



>>> Wednesday, 22nd October 2008

SESSION IV
Chair: 
Serge Muyldermans, VIB, Brussels, Belgium

9:30-10:00 	 Laurent Jespers, Domantis Ltd. Cambridge, Cambridge, UK
Human domain antibodies: a versatile platform to target cancer 
antigens

10:00-10:30 	Antonino Cattaneo, SISSA and European Brain Research Institute, 		
	 Trieste, Italy

Protein silencing: engineering intrabodies for targeted protein 
degradation

10:30 -11:00 	Jorge Martinez-Torrecuadrada, CNIO, Madrid, Spain
Development of recombinant antibodies for bladder cancer 
therapy

11:00-11:30	 Coffee break and poster session

11:30-12:00 	Luis Álvarez-Vallina, HUPH, Madrid, Spain
In situ secretion of therapeutic antibody fragments

12:00-12:45	 Closing conference 
Dario Neri, ETH, Zurich, Switzerland
Vascular targeting antibodies for the therapy of cancer and 
arthritis: from the bench to the clinic

12:45-13:00	 Closing remarks from organizers - End of the Symposium
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Recombinant Antibodies: new developments for future challenges

Session I
Chair: Luis Álvarez-Vallina 

Camel single domain antibodies for therapeutic and 
research applications 

Serge Muyldermans 

Department Molecular and Cellular Immunology, Vlaams Interuniversitair Instituut voor 
Biotechnologie, Vrije Universiteit Brussel, Brussels, Belgium

Recombinant, minimal sized, intact, antigen-binding fragments are derived from functional 
Heavy chain antibodies of camelids. These ‘single domain’ antibodies are either directly used 
or fused to an effector molecule to generate novel molecules with an added value in research 
applications or various medical oriented applications.

All camelids, and dromedaries in particular have unique antibodies circulating in their blood. 
Unlike antibodies from all other species these special antibodies are devoid of light chains, 
and are composed of a heavy chain dimer. An immune response is raised in these so-called 
Heavy-Chain Antibodies (HCAb) following a standard immunisation protocol. The antigen-
binding site of the dromedary HCAb is comprised in one single domain of 4 nm by 2.5 nm in 
diameter, referred to as Nanobody. We designed a strategy to clone the Nanobody repertoire 
of an immunised dromedary and to select - by phage display or a bacterial two hybrid system 
- the Nanobodies with specificity for our target antigens. 

The recombinant, monoclonal Nanobody is well produced in bacteria, is very stable and 
highly soluble, and it binds the antigen with high affinity and specificity. Very often the 
Nanobody recognizes an epitope that is difficult to target with human or mouse antibodies. 
The ‘humanization’ of a camel derived single domain antibody is straightforward. Probably, 
the largest advantage of Nanobodies comes from their strict monomeric behaviour and 
the ease to tailor them into larger pluripotent constructs. In the past years we have been 
exploring the application range of the Nanobodies. After an immobilisation on a solid support, 
we employ the ‘Nano-trap’ as a research tool to immune-capture the antigen from complex 
mixtures. The intracellular expression of a Nanobody fused with Red Fluorescent Protein or 
‘Chromobody’ appears to be a potent probe to localise and visualize the antigen within living 
cells. Furthermore, we demonstrated that the Nanobodies are excellent tools for in vivo imaging 
after being labelled with 99mTc. Finally, the Nanobody against a tumour specific antigen or a 
trypanosome parasite were coupled with an enzyme or a truncated human ApoL1, respectively. 
The former construct allows the eradication of tumours in an ADEPT (Antibody dependent 
enzyme prodrug therapy) set-up, whereas the trypanolytic effect of the latter managed to 
eliminate a trypanosome infection in mice models.
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Recombinant Antibodies: new developments for future challenges

Session I
Chair: Luis Álvarez-Vallina 

Engineering repeat proteins for therapy using 
combinatorial and evolutionary technologies

Andreas Plückthun

Institute of Biochemistry, University of Zürich, Zürich, Switzerland 

Repeat proteins are, next to antibodies, the most widely used class of specific binding proteins 
in nature. By analyzing their architecture, a consensus structure has been build where only the 
potentially interacting residues are randomized. Designed Ankyrin Repeat Proteins (DARPins) 
have been selected by ribosome display and phage display to bind to a wide variety of targets 
with picomolar affinity, and a number of structures of such complexes have been determined. 
DARPins are very highly expressed, and full consensus proteins are extraordinarily stable. We 
have used such DARPins for tumor targeting, and have systematically investigated the effect 
of size, affinity and valency. Fusion proteins with effector molecules can serve to use such 
molecules as the basis of future therapeutics.

References
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Wetzel, S. K., Settanni, G., Kenig, M., Binz, H. K. & Plückthun, A. (2008). Folding and unfolding mechanism of 8.	
highly stable full-consensus ankyrin repeat proteins. J. Mol. Biol. 376, 241-257.
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in a full-consensus ankyrin repeat protein. J. Mol. Biol. 376, 232-240.

Interlandi, G., Wetzel, S. K., Settanni, G., Plückthun, A. & Caflisch, A. (2008). Characterization and further 10.	
stabilization of designed ankyrin repeat proteins by combining molecular dynamics simulations and experiments. 
J. Mol. Biol. 375, 837-854.
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Chair: Luis Álvarez-Vallina 

Targeting the signalosome in angiogenesis using 
recombinant antibodies 

Peter Kristensen 

Department of Molecular Biology, University of Aarhus, Aarhus, Denmark

The endothelial cells lining the vasculature of humans normally is quiescent, however 
proliferation and differentiation of the endothelial cells are a prerequisite for the formation of new 
blood vessels under both normal and pathological conditions. Proliferation and differentiation 
is a consequence of a complex signaling process, which is only partly understood. We are 
applying recombinant antibodies in the quest to find and characterize novel signaling pathways 
of importance for the formation of new blood vessels. 

During the years, research in this area mainly has been focused at finding inhibitors of 
angiogenesis; inhibitors which can lead to new drugs applicable in tumor therapy or other 
diseases where excess angiogenesis influence the condition in a negative way. However, 
decreased ability to create new blood vessels, also may lead to disease. In addition to isolating 
recombinant antibodies capable of inhibiting angiogenesis, we also focus on the age associated 
decline in the ability to form new blood vessels, where recombinant antibody technology is 
used as a discovery tool to identify novel biomarkers of the ageing vasculature.

In our view cellular heterogeneity of endothelial cells lining the vascular system can be 
considered as “friend or foe”. Taking advantage of cellular heterogeneity may lead to 
development of targeted therapies, specific for defined organs or regions in the organism. 
At the same time cellular heterogeneity is difficult to study using conventional methods in 
functional genomics, since methods for single cell analysis has been lacking in proteome 
analysis. We have advanced the phage display technology, thus allowing the isolation of 
specific antibodies binding to one identified cell in a heterogeneous mixture of cells. In the 
future we will apply the technological advances to study the influence of the signalosome in 
angiogenesis at the single cell level.



Madrid ı October 20-22, 2008 International Symposium 15

Recombinant Antibodies: new developments for future challenges

Session I
Chair: Luis Álvarez-Vallina 

Engineering the “front and far ends” of human antibody 
fragments

Stefan Dübel

Institute of Biochemistry and Biotechnology,Technical University of Braunschweig, 
Braunschweig, Germany

Antibody engineering has evolved into a leading technology of drug research with more than 
30 different therapeutic products approved, and over 400 in development. Despite major 
breakthroughs have been achieved about 15-20 years ago – antibody technology is still far from 
reaching its limits. Novel antibody fusion proteins are analysed for their potential to go beyond 
what a naïve IgG can do. Moreover, recombinant antibody technology is also entering into basic 
research as an important contender for the generation of a collection of binders covering the 
entire human proteme, as the “Antibody Factory” - a streamlined pipeline for human antibody 
phage display - offers substantial reduction in efforts per binder. 

A novel system using the gram positive bacterium Bacillus megaterium allows high yields of 
functional scFv antibody fragments which can be directly obtained from the culture medium after 
secretory production, making this organism a reasonable alternative to E. coli. A novel antibody 
format was created by introduction of a polypeptide linker between fragment difficult (Fd) and light 
chain (LC). The obtained “single chain Fab fragment” (scFab) is compatible to both phage display 
and soluble production in E. coli and combines the advantages of scFv (single polypeptide) with the 
better stability and compatibility to established assays of Fab fragments. In addition to E. coli, the 
new antibody format was also successfully expressed in Pichia pastoris and Bacillus megaterium. 

Using our large naïve antibody gene phage display libraries or antigen specific immunised libraries 
in combination with the Hyperphage technology for polyvalent display, various novel monoclonal 
antibodies were generated, for example an scFv which neutralizes 10.000 lethal doses of anthrax 
spores in the rodent model. 

Recombinant antibodies can also be used to functionally knock down proteins in cells. This was 
successfully demonstrated by the removal of the cell adhesion molecule VCAM from the cell 
surface by intracellular expression of an anti-VCAM antibody. Combined with the outpot of the 
Antibody Factory, this method turns into an affordable alternative to RNAi - offering knock downs 
on the level of the protein product itself. 

The development of antibody fusion proteins is driven by the perspective to improve the efficacy 
of naïve IgG for tumor therapy. However, fusion to non-human proteins often led to severe side 
effects caused by immunogenicity. We demonstrated the construction and production of the first 
entirely human immunoenzyme directed against CD30+ lymphomas, which strongly inhibited 
proliferation of Karpas-299 cells (IC50 = 3,3 nM). 

>> (Cont.)
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Nanobody® development from bench to bedside 

Josefin-Beate Holz

Ablynx, Ghent/Zwijnaarde, Belgium

Ablynx is a biopharmaceutical company focused on the discovery and development of 
Nanobodies® (“Nanobodies”), a new class of novel therapeutic proteins based on the smallest 
functional fragments of heavy chain antibodies, which occur naturally in the Camelidae family, 
including camels and llamas. 

Nanobody®-based drug candidates combine the benefits of conventional monoclonal 
antibodies with some of the well-known features of small molecule drugs. Ablynx can rapidly 
identify and produce high affinity Nanobodies® against a wide range of biological targets. The 
physical attributes of Nanobodies®, including their small size, structural features, potential for 
extended half-life, high stability and ease of manufacture, make them attractive drug candidates 
with potential applications in major therapeutic areas, including cardiovascular disease, 
inflammation, oncology and neurology. In addition, the inherent stability of Nanobodies® offers 
the opportunity for alternative delivery routes beyond injection, including oral, inhalation and 
transdermal, thus broadening their potential application and market opportunity. 

To date, Nanobodies® have been generated against more than 100 potential disease targets 
and positive in vivo efficacy data have been demonstrated in more than 20 animal disease 
models. Ablynx is committed to fully exploiting its technology platform to develop a diverse and 
broad portfolio of therapeutic Nanobodies®. The presentation will provide an insight into the 
translation of innovation from the “bench” to the “bedside”.

Recombinant Antibodies: new developments for future challenges

Session II
Chair: Jorge Martinez-Torrecuadrada
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Recombinant Antibodies: new developments for future challenges

Session II
Chair: Jorge Martinez-Torrecuadrada

Strategies to improve pharmacokinetic properties of small 
recombinant antibodies

Roland Kontermann

Institut für Zellbiologie und Immunologie, Universität Stuttgart, Stuttgart, Germany 

The therapeutic application of small recombinant antibody molecules and other therapeutic 
molecules is often limited by a short serum half-life. In order to improve the pharmacokinetic 
properties we have investigated several strategies including PEGylation, N-glycosylation, fusion 
to human serum albumin, and fusion to an albumin-binding domain of streptococcal protein 
G. As a model system we used a bispecific single-chain diabody (scDb) directed against 
carcinoembryonic antigen and CD3 capable of retargeting cytotoxic T cells to tumor cells. 
This comparative study revealed that fusion to albumin or a albumin-binding domain results 
in a similar increase in circulation time as PEGylation (10-14 fold), while N-glycosylation only 
moderately increased half-lives (2-3 fold). Furthermore, we showed that prolonged circulation 
time results in increased tumor accumulation. In summary, these data provide a rational for 
the modulation of pharmacokinetic properties ranging from a moderate to strong improvement 
of blood circulation time. 
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The generality of VHCDR1-VHFR2-VLCDR3 antibody 
mimetics

Xiao-Qing Qiu1 and He Wang2

1.Laboratory of Biomembrane and Membrane Proteins, West China Hospital, Sichuan 
University, Chengdu, P.R. of China; 2.Laboratory of Genetics, West China Second University 
Hospital, Sichuan University, Chengdu, P.R. of China 

Monoclonal antibodies provide unparalleled specificity for targeting recognition in vivo, but 
their efficacy against cancer may be limited not only by their large size, which prevents them 
penetrating into solid tumors, also by their strong affinity hard to distinguish the differences of 
relative antigens shared by cancer cells and some normal cells. For size cut-down and reasonable 
affinity reduction, two complementarity-determining regions (CDRs), VHCDR1 and VLCDR3, 
through a cognate framework region (VHFR2) were fused to yield a mimetic that retain the 
antigen recognition of their parent molecules, but have a superior capacity to penetrate tumors. 
In addition, with its reduced affinity, the mimetic could recognize the cells bearing a high-density 
of surface antigens only and ignored the cells bearing less density of relative antigens.

We constructed the first VHCDR1-VHFR2-VLCDR3 mimetic with the CDRs and FRs from a mAb 
against an Epstein-Barr virus surface antigen and fused it to the C terminus of a bacteriocin. 
Via circulatory administration, the fusion peptide eliminated xenografted Burkitt lymphoma 
in immuno-compromised mice. Then we fused other four mimetics with the CDRs and FRs 
from mAbs against different epitopes of mammalian cells to the same bacteriocin to construct 
corresponding fusion peptides. These fusion peptides presented targeting recognition against 
targets with correlated epitopes in vitro and in vivo. Thus our findings suggest that particular 
construct could be generalized to other antibodies.

Another question we are interested was, whether the mimetic could retain its affinity to 
recognize epitopes in a host with normal immunity. The mimetic comprised with the CDRs 
and FR from a mAb against folate binding protein of human ovarian carcinoma. This time we 
fused the mimetic to the C terminus of protective antigen, the recognition element of binary 
anthrax toxin, in which native recognition being deleted. As a host with normal immunity, 
F344 female rats were inoculated intraperitoneally with Nutu-19 rat ovarian carcinoma cells. 
Application with lethal factor, the toxin element of anthrax toxin, fusion peptides prevented the 
proliferation of carcinoma nodes in small intestines. These results indicated that mimetic did 
not lose its recognition ability in vivo with a normal immunity.

The in vivo activities of these mimetics strongly suggests that the structural orientation of the 
selected CDRs in these mimetics approximates the conformation of the CDRs in the antibody-
antigen complex, however, accurate three-dimensional structure needs to be identified in the 
future investigation.

Recombinant Antibodies: new developments for future challenges

Session II
Chair: Jorge Martinez-Torrecuadrada
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Session II
Chair: Jorge Martinez-Torrecuadrada

Recombinant antibodies in proteome and immunome 
research – Create health and beyond

Mats Ohlin

Department of Immunotechnology, Lund University, Lund, Sweden

Genomics and proteomics offer many new opportunities in bioscience and biomedicine. 
However, the vast amount of data generated by the various “omics” platforms creates new 
challenges for the efficient development of reagents, including antibodies, to be used in the 
various analytical approaches. Lund University has established the CREATE Health strategic 
centre with a mission “to create an integrative approach to solve complex clinical problems, 
by developing new techniques and instruments for medical applications - from bedside to 
bench and back again” with special emphasis on cancer. In this presentation I will outline 
some of our efforts to exploit human recombinant antibodies as a tool in multiplex analysis. 
I will also describe how we investigate the use of microchip technology in efforts to facilitate 
future very large-scale antibody development programmes. This technology, that exploits 
acoustic separation of particles, e.g. for the separation of antigen-bound and non-bound 
phage particles during selection, has the potential to be incorporated into automatable fluidic 
systems that may facilitate efficient antibody development in the future.

In addition to its potential to provide specific binders to the multitude of new interesting targets 
that are identified in “omics”-based studies, like those carried out under the CREATE Health 
umbrella, combinatorial library technology can also be used to assess immune responses, 
including those that result in disease. Such efforts have been carried out defining pathological 
antibodies in several autoimmune diseases. Hypersensitivity type I, allergy, is a condition 
affecting hundreds of millions of individuals in which IgE plays a very major role. Surprisingly 
little is known, though, at the molecular level of the composition of allergen-specific immune 
repertoires. Through an extensive biochemical and bioinformatic analysis, the allergome, i.e. 
the set of molecules that induces allergy as described by the Allergome database (http://
www.allergome.org), is now quite well defined. We have now initiated a process to exploit 
combinatorial antibody libraries developed from IgE-encoding transcripts to assess the other 
arm, i.e. IgE, that participates in the initiation os allergic responses. I will describe some of 
our initial efforts to define the molecular composition of such responses as exemplified by 
recognition of major allergens of timothy grass pollen.
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Recombinant Antibodies: new developments for future challenges

Session II
Chair: Jorge Martinez-Torrecuadrada

Use of E. coli protein secretion systems for expression and 
selection of Nanobodies

Luis Ángel Fernández

Department of Microbial Biotechnology, National Center of Biotechnology (CNB-CSIC), Campus 
UAM, Madrid, Spain

Gram-negative bacteria, such as E. coli, have evolved a number of complex molecular 
mechanisms to secrete proteins across their double-membrane cell envelope. Pathogenic 
strains are frequently enriched in these molecular machineries for secretion of virulence 
factors involved in the colonization and infection of the host. These protein secretion systems 
have been extensively studied in bacterial pathogenesis but their biotechnological use for the 
expression of heterologous proteins with therapeutic potential, such as antibody fragments, is 
largely unexplored. 

In our laboratory we investigate the capability of various protein secretion systems obtained 
from pathogenic E. coli strains, like enteropathogenic (EPEC) and uropathogenic (UPEC) E. 
coli, for secretion and surface display of recombinant antibodies. We employ single domain 
VHH fragments (Nanobodies) as model antibody molecules given their small size, high stability, 
solubility and good expression levels in bacteria. Nanobodies are obtained from immune 
libraries after camel immunization using phage display technology. In this talk, we will present 
our latest results demonstrating the ability of various protein secretion systems for efficient 
extracellular secretion and bacterial display of Nanobodies in common non-pathogenic E. coli 
strains. The biotechnological potential of these systems for in vitro (e.g. Nanobody selection) 
and for in vivo applications (e.g. bacterial therapy) will be discussed.
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Session III
Chair: Luis Ángel Fernández

A platform technology for the selection, engineering of Fc 
domains for optimal ADCC and preparative expression of 
full length IgGs in E. coli 

Yariv Mazor, Sang Taek Jung. Tom Van Blarcom, Tae Hyeon Kang 

and George Georgiou

Department of Biomedical Engineering, Institute for Cellular and Molecular Biology, University of 
Austin, Texas, USA

This presentation will discuss a novel technology whereby discovery of IgG antibodies, 
optimization of Fc domains for ADCC and preparative production are all performed in E. 
coli. We have shown that IgG of desired antigen specificity can be isolated from large naive 
or synthetic libraries of full length antibodies expressed in bacteria and screened by flow 
cytometry and other techniques. IgG expressed in bacteria is not glycosylated and therefore 
cannot elicit ADCC. However, we have identified mutations in the CH3 domain (removed from 
the binding epitope of FCgamma receptors) that allow binding of Fc receptors, namely FcRI to 
aglycosylated Herceptin with an affinity essentially identical to that of Herceptin expressed in 
mammalian cells. Finally we have developed methods for the expression of full length correctly 
assmebled IgG in bacteria at scales >50 mg/L.
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Production of IgG antibodies and IgG-fusion proteins in 
E. coli by refolding

Rahely Hakim and Itai Benhar

Department of Molecular Microbiology and Biotechnology, The George S. Wise Faculty of Life 
Sciences, Tel-Aviv University, Tel-Aviv, Israel

Antibodies are among the most powerful tools in biological and biomedical research and are 
presently the fastest growing category of new bio-pharmaceutics. With regard to anti cancer 
immunotherapy, antibodies can be used “naked” or as immunoconjugates to direct cytotoxic 
moieties to tumor cells. Recombinant forms of small antibody fragments fused to cytotoxic 
moieties, named recombinant immunotoxins, are being developed as an additional approach 
for an antibody-targeted cancer therapy.

For treating solid tumors, tumor penetration, which is inversely proportional to the size of the 
drug, is currently regarded as the prime factor for its efficacy, while other parameters such as 
binding affinity and residence time in the body are of lesser importance. This dogma may be 
challenged by recent study from our lab when immunotoxins that target the tumor associated 
antigen ErbB2 were evaluated. We found that, a bivalent antibody-toxin conjugate (200 kDa) 
was much superior to the corresponding recombinant immunotoxin (scFv-toxin fusion, 66 
kDa), in killing ErbB2 expressing tumor cells in culture and as xenografts in nude mice. These 
results suggest that higher avidity and longer residence time may outweigh tumor penetration. 
This led us to design additional models to study whether our previous observation was a 
peculiarity of the model system we used, or a more general phenomenon.

While looking for easier and more rapid way to achieve the full-length IgGs that are required 
to this study, we developed an expression and purification protocol for full-length IgGs in E. 
coli, called “Inclonals”. By using this protocol, we can obtain a yield of up to 50 mg pure IgG 
from 1 liter of shake flask culture and a highly purified IgGs that are free of contaminating and 
partially assembled species. The “Inclonals” we produced equaled the performance of the 
same IgGs that were produced using conventional mammalian cell culture. Antibodies that 
are produced in E. coli are aglycosylated and hence are not useful for purposes that require 
effector functions such as ADCC and CDC. However, the large majority of antibodies that can 
be potentially used for therapy, diagnostics or research purposes are not dependent on Fc 
glycosylation to be effective (some examples are as virus neutralizing antibodies, antibodies 
that are used to ferry a cargo to the target cells, or bi-specific antibodies). We believe that our 
rapid and cost effective IgG production process and the high quality of the resultant product 
may make bacterial production of full-length IgG, and IgG-based fusion proteins a viable and 
attractive option for antibody production.
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Using antibody fragments to understand and interfere with 
lung cancer in pre-clinical models

Terence H. Rabbitts and Tomoyuki Tanaka

Leeds Institute of Molecular Medicine, Wellcome Trust Brenner Building, St. James’s University 
Hospital, Leeds, UK 

RAS family proteins have pivotal roles as molecular switches to transmit a variety of extracellular 
signals to the nucleus controlling cell growth, differentiation, migration and survival via the 
interaction with a range of effectors molecules. RAS mutations, impairing the GTPase activity 
and consequently causing accumulation of active GTP-bound RAS, are found in up to 30% 
of human cancers, being particularly prevalent in lung tumours. In addition, secondary RAS-
associated signalling aberrations occur by gene mutation of receptor tyrosine kinases (e.g. 
EGFR), RAS regulators (e.g. GAP) and RAS effectors (e.g. PI3Kα, BRAF) in many cancers, 
suggesting that the overall RAS-signal transduction network is involved in a high percentage 
of human cancer. Growing insight in RAS signal transduction reveals that more than ten 
proteins with distinct functions (including PI3K, RAF and RALGEF) have been identified 
as RAS effectors, directly interacting with RAS to constitute different downstream signalling 
pathways (e.g. RAF-MEK-ERK, PI3K-AKT and RALGEF-RAL). The mutation of the RAS 
family members, and downstream effectors, are excellent examples of mutations that can be 
classified as genotype-specific targets for therapy. Despite many years of research on RAS 
mutations and their effects in cancer, attempts to develop drugs directed to RAS have proven 
ineffective. We have developed a technique called intracellular antibody capture (IAC) to select 
a single variable domain antibody fragment (anti-RAS VH) that specifically binds to activated 
GTP-bound RAS and prevents RAS-dependent tumourigenesis in pre-clinical models. The 
mechanism by which this anti-RAS VH functions is by inhibition of protein-protein interactions 
of RAS with its signal transduction effector proteins. The crystal structure the RAS-VH complex 
reveals that the anti-RAS VH binds to the conformationally variant switch regions of RAS, 
where its effectors including PI3K, RAF and RALGDS also bind. The VH inhibits RAS-effector 
interactions and prevents the constitutive signalling of mutant RAS that causes tumour growth. 
Further, the anti-RAS VH inhibits lung tumourigenesis in a RAS-dependent pre-clinical model 
in which lung neoplasias arise de novo but crucially the anti-RAS VH alone does not affect 
normal lung development or function. Thus anti-RAS VH has potential use in biotherapy as a 
macromolecular drug (macrodrug) since as it functions by a different mechanism from anti-
RAS reagents currently in clinical trials. Our findings have implications for use of interfering 
single domain antibody fragments to drug the “undruggable” protein-protein interactions in 
cancers.
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Shark immunity bites back: the story of IgNAR single-
domain antibodies

Helen Dooley

Departament of Microbiology & Immunology, University of Maryland School of Medicine, 
Baltimore, USA 
Current address: Wyeth Research, Polwarth Building, Foresterhill, Aberdeen, UK

The cartilaginous fish are the oldest phylogenetic group in which immunoglobulins (Igs) have 
been found. In addition to the (conventional) isotypes IgM and IgW sharks produce a novel 
Ig isotype, IgNAR, a heavy-chain homodimer which does not associate with light chains. 
Instead the variable (V) regions of IgNAR bind antigen as soluble single domains. We have 
previously shown that IgNAR plays an integral part in the humoral response of nurse sharks 
(Ginglymostoma cirratum) upon antigen challenge. We subsequently generated phage-
displayed libraries of IgNAR V regions from immunized animals and used the resultant clones 
to investigate V region structures in the presence and absence of antigen. Analysis of clone 
families (clones derived from the same rearrangement event but differentially mutated during 
expansion) allowed us to probe repertoire generation for this isotype and the impact of in vivo 
somatic hypermutation upon antigen binding and affinity. Comparison of crystal structures of 
germline and mutated clones have also led to some understanding of how affinity maturation 
is achieved on a structural level. 
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A fully human phage scFv antibody fragment that blocks 
human VEGF-KDR interaction and defines a novel 
neutralizing epitope on human VEGF

Humberto Lamdan, Marta Ayala, Gertrudis Rojas, Yanelys Morera, 

Yasmiana Muñoz, Osmani Guirola, Glay Chinea and Jorge V. Gavilondo

Center for Genetic Engineering and Biotechnology, Havana, Cuba

Human VEGF isoform 121, specifically mutated in three residues described as important for 
KDR interaction, was produced as a fusion protein in E. coli and used as target molecule for 
the selection of fully human scFv antibody fragments from a filamentous phage displayed 
scFv antibody fragment library. Seven phage scFv clones were selected that identify the target 
molecule and also commercial isoforms 121 and 165 of human VEGF. Clone 2H1-F was 
selected due to its novel antibody human sequence and its ability to block human VEGF–KDR 
interaction. This scFv clone does not bind to isoform 120 of murine VEGF and looses human 
VEGF recognition if the latter is reduced. The 2H1-F scFv encoding sequence was cloned into 
a designed expression vector, produced as a soluble scFv in bacteria, and purified by IMAC 
from culture supernatant. The 2H1 scFv antibody fragment blocks the binding of soluble KDR-
Fc to VEGF-A in ELISA, and inhibits VEGF-dependent proliferation of HuVEC culture cells. 

To identify the epitope recognized by the 2H1 scFv in human VEGF-A, a combinatorial 12-
aminoacid linear peptide library displayed in filamentous phage was employed. Twenty peptide 
phage clones that bind to 2H1 were sequenced and found to be identical. Sequence analysis 
using the FINDEPI and 3D Epitope Explorer programs produced similar results and predicted 
an epitope in the human VEGF-A molecule not previously described as recognized by VEGF-
blocking antibodies. 

Short talk
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Generation of nanobodies against dendritic cell surface 
molecules for Ag delivery to different DC-populations in 
situ 

Kurt de Groeve1, Geert Raes1, Wies Deckers2, Hilde Revets1 

and Patrick De Baetselier1

1. Laboratory of Cellular and Molecular Immunology, VIB Department of Molecular and Cellular 
Interactions, Vrije Universiteit Brussel, Brussels, Belgium; 2.Microscopy Core Facility, Department 
for Molecular Biomedical Research, Ghent University, Ghent, Belgium

Background

Nanobodies (Nbs) are the smallest single-domain antigen-binding fragment of naturally 
occurring camelid heavy-chain antibodies. These monomeric Nbs can be easily formatted 
into multifunctional entities and were shown to be excellent tumor-infiltrating entities for 
purposes of therapy and in vivo imaging. In this study, we are exploiting Nbs with the dual 
purpose of (1) creating research tools to study phenotypic differences between different DC 
populations and (2) developing vehicles for targeted antigen delivery to subpopulations of DCs 
in immunotherapeutic applications.

Methods

Llamas were immunized with either immature or matured mouse bone-marrow derived 
dendritic cells (DCs) and different Nbs were isolated. Binding of the Nbs to various types 
of immune cells was analysed by flow cytometry. The capacity of the Nbs to be internalized 
by DCs was analysed by confocal microscopy. Fusion constructs between Nbs and model 
antigens were generated.

Results

Nbs with diverse binding patterns were obtained, including Nbs recognizing only immature 
bone-marrow derived DCs but no other cell types and Nbs recognizing a range of myeloid 
cells, including immature and mature DCs, bone-marrow derived macrophages, peritoneal 
macrophages and neutrophils, but no other cell types such as T or B lymphocytes. Some of 
the Nbs were found to be internalized in DCs after 5-25 minutes at 37°C. 

Conclusion

These Nbs are promising tools for in vivo antigen targeting to DCs, with potential applications 
ranging from boosting immune responses to attenuating excessive responses in the context of 
for example cancer or inflammatory diseases, respectively.
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Efficient cell-mediated cytotoxicity using domain 
antibody-based bispecific molecules for cancer therapy 

Patrick Chames

French National Center for Scientific Research (CNRS), Marseille, France

Antibody dependent cell-mediated cytotocixity is one of the most important mode of actions 
of antibodies, but suffers from various limitations decreasing their efficiency as therapeutic 
molecules. We have developed new nanobody-based bispecific molecules capable of 
overcoming most of these limitations, leading to a very efficient ADCC process. The production 
and characterization of these new generation of antibody will be presented.
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Human domain antibodies: a versatile platform to target 
cancer antigens

Laurent Jespers

Domantis Ltd. Cambridge, Cambridge, UK

Human Domain Antibodies (dAbs) offer innovative platforms for therapeutic opportunities 
such as pulmonary delivery with ‘naked’ dAbs, dual-targeting with IgG dAbs fused to classical 
antibody frameworks, and increased in vivo for peptides and proteins by fusion to albumin-
binding domain Antibodies (AlbudAbs(tm)). The first dAb products are now in the clinic and 
several late stage pre-clinical assets are following close behind. The roots of this success lie 
in the generic properties of phage-selected human domain antibodies (CDR diversification, 
solution state, thermodynamic stability, solubility) as well as in their tolerance to protein 
engineering and formatting into more complex assemblies (e.g. in-line fusions with AlbudAbs, 
PEgylated forms, Fc fusions, dual-targeting IgGs). Case studies will illustrate how desired 
functionality and manufacturability have been achieved by process optimization right from 
phage selection of primary dAb libraries, screening and lead identification. This optimisation 
process ensures that only excellent leads are taken further into steps of affinity maturation, in 
vivo validation for PK and efficacy and assessment of developability.
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Protein silencing: engineering intrabodies for targeted 
protein degradation

Antonino Cattaneo

European Brain Research Institute (EBRI) and International School for Advanced Studies 
(SISSA), Rome, Italy

General strategies to confer protein neutralizing properties to intrabodies, to achieve temporally 
and spatially localized protein knock down in cells, would be very valuable. To this aim, we 
have taken different approaches. First of all, we developed 3-SPLINT, a technology for the 
selection of antibody domains that are intrinsically endowed with the ability to interfere with 
target protein-protein interaction domains. Second, we developed a protein silencing switch, by 
engineering ligand-induced proteasome-targeting intrabodies. Silencing intrabodies are able 
to rapidly and effectively redirect intracellular target proteins for degradation, a few minutes 
after stimulus induction, in a catalytic fashion. These approaches greatly expand the potential 
of intrabodies for functional studies of protein networks. Applications to intrabodies against 
Alzheimer’s amyloid Aβ oligomers will be presented.
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Development of recombinant antibodies for bladder 
cancer therapy

Jorge Martinez-Torrecuadrada 

Protein Technology Unit, Biotechnology Programme, Spanish National Cancer Research Centre 
(CNIO), Madrid, Spain

Bladder cancer is the fifth most common malignancy with about 300,000 new cases 
worldwide diagnosed annually. Systemic chemotherapy preceded or followed by cystectomy 
and urinary diversion is the standard treatment of patients; however the overall response rates 
vary between 39% and 65%, with complete response in 15%-25% and median survivals 
up to 16 months. This survival is frequently achieved with severe and life-threatening side 
effects due to the significant toxicity of treatments. Therefore, the need for development of new 
therapeutic agents with an improved toxicity profile is extremely urgent. The specific nature 
and other unique properties of antibodies make them safe, effective and versatile agents for 
targeted cancer therapy. 

The receptor for fibroblast growth factor 3 (FGFR3) may be a potential therapeutic antibody 
target since gene expression studies have demonstrated that this protein is overexpressed 
in early stages of bladder cancer and in other neoplastic states such as multiple myeloma 
or hepatocellular carcinoma. Our laboratory has developed human monoclonal antibody 
fragments (scFv) capable of selective targeting of FGFR3-overexpressing bladder carcinoma 
cells (RT112) and some of these specific antibodies were also able to inhibit cell proliferation 
in vitro in a dose-dependent manner. In order to enhance this inhibitory effect, FGFR3-specific 
scFvs were fused to a plant toxin (gelonin) since antibody-drug conjugates represent a broadly 
applicable strategy for improving the antitumor activity of antibodies. The resulting fusion 
immunotoxins were expressed as soluble proteins in Escherichia coli, purified and functionally 
characterized in vitro and in vivo in a mouse xenograft model for bladder carcinoma. After 
an efficient internalization of the immunotoxin into the cell cytoplasm, the mechanism of 
immunotoxin-induced cell death was found to be mediated by apoptosis. Moreover, RT112-
derived xenografts in SCID mice exhibited a significant growth delay and an improved survival 
rate when treated with FGFR3-specific immunotoxin. These results show that FGFR3-driven 
immunotoxins may be an effective therapeutic agent against human bladder and other tumor 
types overexpressing FGFR3.
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In situ secretion of therapeutic antibody fragments

Luís Álvarez-Vallina

Molecular Immunology Unit, Hospital Universitario Puerta de Hierro, Madrid, Spain

The emergence of recombinant technologies has revolutionized the selection and production 
of monoclonal antibodies, allowing the design of human antibodies of any specificity and for 
very diverse purposes. Recombinant antibodies can be engineered with optimized properties, 
such as molecular architecture and oligomerization state, and fused with a vast array of 
effector moieties to enhance their tumor-targeting ability and potency. In recent studies, we 
demonstrated that tailoring recombinant antibodies with extracellular matrix-derived scaffolds 
is an effective approach to convert tumor progression-associated processes into molecular 
clues for improving antibody-based therapies. For example, by fusing the collagen XVIII NC1 
domain to a therapeutic single-chain antibody a multispecific agent was generated, which was 
efficiently processed by tumor-associated proteinases to produce monomeric endostatin and 
fully functional trimeric antibody fragments. The use of gene transfer methods offers additional 
benefits by achieving sustained and effective concentrations of therapeutic antibodies directly 
at points of target intervention. This compensates for the rapid blood clearance of antibody 
fragments and could make the antibody less immunogenic and better tolerated. 
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Dario Neri

Vascular targeting antibodies for the therapy of cancer and 
arthritis: from the bench to the clinic

Department of Chemistry and Applies Biosciences, Institute of Pharmaceutical Sciences, 
ETH-Zürich, Switzerland

One avenue towards the development of more selective anti-cancer drugs consists in the targeted 
delivery of bioactive molecules (drugs, cytokines, procoagulant factors, photosensitizers, 
radionuclides, etc.) to the tumor environment by means of binding molecules (e.g., human 
antibodies) specific to tumor-associated markers. In this context, the targeted delivery 
of therapeutic agents to newly-formed blood vessels (“vascular targeting”) is particularly 
attractive, because of the dependence of tumors on new blood vessels to sustain growth and 
invasion, and because of the accessibility of neo-vascular structures for therapeutic agents 
injected intravenously.

In collaboration with Philogen SpA and with Luciano Zardi (Genova), my laboratory has 
developed human monoclonal antibodies, capable of selective targeting of neo-vascular 
structures in solid tumors and in a number of angiogenesis-related diseases. Five derivatives 
of these antibodies (i.e., three immunocytokines and two radiolabeled antibodies) are currently 
being investigated in numerous multicenter clinical trials in Italy and in Germany.

The most pressing challenges in the field of vascular tumor targeting include the identification 
of novel neo-vascular markers and the development of robust methodologies for the isolation 
of small molecules capable of specific binding to vascular targets. In the first research area, 
we have developed a novel chemical proteomic methodology based on vascular biotinylation 
followed by protein purification and comparative mass spectrometric analysis, for the 
identification of novel accessible markers of pathology. In the second research area, my 
laboratory has developed DNA-encoding technologies for the construction and screening of 
chemical libraries of unprecedented size.





International Symposium

www.angiobodies.com

Recombinant Antibodies:
new developments 

for future challenges

Poster
Abstracts 



Recombinant Antibodies: new developments for future challenges

Poster Session

International Symposium Madrid ı October 20-22, 200838

1

Preparation of nanobody against Endoglin (CD105) 
enriched by cell panning and inhibiting endothelial cells 
prolifration

Davoud Ahmadvand, Mohammad J. Rasaee and Fatemeh Rahbarizadeh

Tarbiat Modares University, Department of Clinical Biochemistry, Tehran, Iran

Antibodies or antibody fragments are almost exclusively applied in human therapy and diagnosis. 
The high affinity and specificity of antibodies makes them suitable in these applications. 
Nanobody, the variable domain of Camelidae heavy chain antibodies, have superior properties 
compared with conventional antibodies in that they are small, non-immunogenic, very stable, 
highly soluble and easy to produce in large quantities. In the present study we reported the 
isolation and characterization of a high affinity binder against human endoglin retrieved from 
camels’ nanobody gene library. Endoglin receptorβ(CD105) is an accessory protein of the 
transforming growth factor complex, has become an attractive molecule for the targeting of the 
tumor vasculature. Up-regulation of endoglin on proliferating endothelial cells is associated 
with tumor neo-vascularization Angiogenesis plays a key role in tumor growth, progression 
and metastasis and represents a potentially useful target for novel strategies of anticancer 
therapy. The library was constructed using the variable segments of camel’s IgG2 and IgG3. 
From this library endothelial-specific VHH fragments were selected using the recombinant 
extracellular domain of human endoglin (CD105) and by cell panning with Human Umblical 
Vein Endothelial cells (HUVEC). The selected anti-endoglin nanobody (AR1-86) showed 
strong, specific and sensitive binding to CD105.We showed that AR-86 could suppres growth 
of proliferating endothelial cells (HUVECs). These VHH fragments might be an useful tools for 
the generation of vascular tumor targeting in cancer therapy. 
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Biological activity of a plant-derived monoclonal antibody 
against the Human Epidermal Growth Factor receptor 
(EGF-R)

Meilyn Rodríguez1, Lincidio Pérez1, Jorge V. Gavilondo1, Marta Ayala1, 

Ernesto M. González1, José A. Cremata1, Jeny Soto1, Marlene Perez1, 

Osmani Ramos1, Anays Álvarez1, Gleysin Cabrera1, Cristina Mateo2, 

Carlos Borroto1 and Merardo Pujol1

1.Center for Genetic Engineering and Biotechnology, Havana, Cuba; 2.Center of Molecular 
Immunology, Havana, Cuba

Transgenic plants have arisen as an efficient system for the large-scale production of 
recombinant pharmaceuticals. These products include antibodies, vaccines, human blood 
products, hormones and growth regulators. Plants are considered to be much safer than 
microbes and animals because they lack the potentiality to content human pathogens, 
oncogenic DNA sequences and endotoxins.

Nimotuzumab is a therapeutic humanized antibody against the Human Epidermal Growth 
Factor receptor (EGF-R) registered in Cuba and other countries for the treatment of head and 
neck tumors, and malignant glioma, in combination with radiotherapy. Several other potential 
indications are under clinical investigation, which forecast a huge demand for this monoclonal 
antibody.

The evaluation of the potential of plant systems for the expression of an aglycosylated version 
of Nimotuzumab has been described in this work. It has been demonstrated by transient 
expression that the full antibody is expressed biologically active in Nicotiana plant cells before 
proceeding to the obtainment of stably transformed plants. Furthermore, transgenic tobacco 
plant lines expressing the Nimotuzumab antibody have been developed and the anti-tumor 
activity of the plant-derived molecule has been tested in an animal model.
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Potential of the E. coli type III secretion system for 
delivery of Nanobodies into the eukaryotic cytoplasm

Ana Blanco and Luis Angel Fernández

Department of Microbial Biotechnology, National Center of Biotechnology (CNB-CSIC), Madrid, 
Spain

Gram-negative pathogens use type III secretion system (T3SS) to translocate effector proteins 
into the cytosol of eukaryotic cells. We have investigated whether T3SS from the non-invasive 
enteropathogenic and enterhemorragic E. coli strains (EPEC and EHEC) are able to inject 
recombinant antibodies (rAbs) directly from the bacteria into the eukaryotic cytoplasm. To 
test the capacity of these T3SS for translocation of rAbs, we have employed single domain 
VHH antibodies (Nanobodies) due to their small size (15 kDa), high stability and potential 
as inhibitors of enzymes and protein-protein interactions. A T3S signal was fused to the VHH 
sequences and expressed in both wild type and T3S-mutants from EPEC and EHEC strains. 
T3-dependent secretion to extracellular media of Nanobodies was demonstrated. Antigen 
binding activity of the secreted Nanobodies was shown by ELISA. In addition, we have shown 
the specific T3-dependent translocation of these Nanobodies into the cytoplasm of human 
epithelial cells (HeLa) grown in culture.
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A recombinant Fv-immunotoxin based on ribotoxin 
α-sarcin specific against colon carcinoma

Nelson Carreras-Sangrà, Jaime Tomé, Álvaro Martínez del Pozo, 

Mercedes Oñaderra, José G. Gavilanes, Javier Lacadena

Departament of Biochemistry and Molecular Biology I, Facultad de Ciencias Químicas, 
Universidad Complutense de Madrid, Madrid, Spain

α-sarcin is the most outstanding and well-characterized fungal ribotoxin. This toxin has a 
several advantages in designing Fv-immunotoxins, namely, its small size, high thermostability, 
resistance to protease, and highly efficient ribonucleolytic activity. In adition, α-sarcin´s 
structure has been determined by NMR and its cDNA can be overexpressed in prokaryotic 
and eukaryotic system. Moreover, differents α-sarcin mutants have been produced to elucidate 
functional and structural relationship. In regard this will be considered in future prospects to 
construct optimal Fv-immunotoxins.

In this work we design a scFv-immunotoxin based on the fusion of α-sarcin and scFv A33 
which is specific against colon carcinoma. scFv A33 detects a glycoprotein antigen that is 
expressed in normal human colonic and small bowel epithelium and 95% of human colon 
cancers. It is absent from most other human tissues and tumor types. A33 antigen is a novel 
surface receptor or cell adhesion molecule in the immunoglobulin superfamily.

The immunotoxin has been expressed in P. pastoris with good yield and purified by affinity 
chromatography in a Ni2+-NTA agarose column. It has been structural and funtional 
characterized displaying specific citotoxicity in the nM range.
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Tumor immunotherapy with bispecific diabodies secreted 
by mesenchymal stem cells loaded into synthetic 
extracellular matrix scaffolds

Marta Compte1, Ángel M. Cuesta1, David Sánchez-Martín1, 

José Luis Vicario2, Laura Sanz1 and Luis Álvarez-Vallina1

1.Molecular Immunology Unit, Hospital Universitario Puerta de Hierro, Madrid, Spain; 
2.Departamento de Histocompatibilidad, Centro de Transfusión, Madrid, Spain

In previous works we have demonstrated the antitumoral effect of a bispecific anti-CEA 
(carcinoembryonic antigen) x anti-CD3 (αCEA/αCD3) diabody secreted in autocrine fashion 
by gene modified human primary T lymphocytes. Secreted αCEA/αCD3 diabody on tumor 
site induced T cell activation and tumor growth inhibition in vivo. However, the short lifespan 
of activated human T lymphocytes and their inefficient transduction constitute important 
drawbacks for their application in cancer therapy. Alternatively, we decided to explore the 
potential of human stem cells as diabody producer cells in a human tumor xenograft. 

Mesenchymal stem cells (MSCs) are appealing as gene therapy cell vehicles given their ease 
of expansion and transduction. However, MSCs exhibit immunomodulatory and proangiogenic 
properties that may pose a risk in their use in anti-cancer therapy. For this reason, we looked 
for a strategy to confine MSCs to a determined location, compatible with a clinical application. 
Human MSCs genetically modified to express luciferase, seeded in a synthetic extracellular 
matrix (sECM) scaffold (sentinel scaffold) and injected subcutaneously in immunodeficient 
mice persisted for more than 40 days, as assessed by bioluminescence imaging in vivo. 
MSCs modified to express a bispecific αCEA/αCD3 diabody (MSCdAb) and seeded in a 
sECM scaffold (therapeutic scaffolds) supported the release of functional diabody into the 
bloodstream at detectable levels for at least six weeks after implantation. Furthermore, when 
therapeutic scaffolds were implanted into CEA-positive human colon cancer xenograft-
bearing mice and human T lymphocytes were subsequently transferred, circulating αCEA/
αCD3 diabody activated T cells and promoted tumor cell lysis. Reduction of tumor growth 
in MSCdAb–treated mice was statistically significant when compared with animals that only 
received MSCluc. 

In summary, we report here for the first time that human MSCs genetically engineered to 
secrete a bispecific diabody, seeded in a sECM scaffold, and implanted in a location distant 
from the primary tumor, induce an effective anti-tumor response and tumor regression.
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Engineered trivalent antibody fragments with improved 
antigen binding and pharmacokinetic properties for tumor 
targeting

Ángel M. Cuesta1, David Sánchez-Martín1, Laura Sanz1, Jaume Bonet2, 

Marta Compte1, Leonor Kremer3, Francisco J. Blanco4, Baldomero Oliva2 

and Luis Álvarez-Vallina1

1.Molecular Immunology Unit, Hospital Universitario Puerta de Hierro, Madrid, Spain; 2.Structural 
Bioinformatics’ Laboratory, Biomedical Informatics Research Unit, Parc de Recerca Biomèdica de 
Barcelona (PRBB), Spain; 3.Protein Tools Unit, National Center of Biotecnology (CNB-CSIC), 
Madrid, Spain; 4.Structural Biology Unit, CIC bioGUNE, Parque Tecnológico de Bizkaia, Bilbao, Spain

An optimized antibody fragment designed for targeting cancer in vivo should fulfill several 
requirements: high specificity and affinity for the target antigen, low immunogenicity; and be 
ready available form expression to purified protein. The pharmacokinetic properties of the 
antibody should be adjusted depending on the intended use. Format and molecular weight 
of tumor targeting antibodies are critical factors that influence their pharmacokinetics. Intact 
IgG molecules display low blood clearance and incomplete tumor penetration. On the other 
hand, small monovalent single-chain variable fragments (scFv) are more effective in tumor 
penetration but they are cleared too rapidly and have poor tumor retention because of their 
binding properties.

The ideal tumor-targeting antibodies are intermediate-sized multivalent molecules, which 
provide rapid tissue penetration, high target retention and rapid blood clearance. Recent 
biodistribution studies indicate that bivalent antibodies such as diabodies, and minibodies 
may be best-suited for tumor imaging and therapy due to a higher total tumor uptake and 
better tumor-to-blood ratios than intact IgG molecules. Diabodies are non-covalent dimeric 
molecules spontaneously formed in scFv with short linkers connecting the variable region 
genes. Another useful format derived from scFv, with expanded half-life but still rapid, high-
level uptake into tumors is the minibody, which results from the fusion of scFv with the IgG1 
CH3 domain, which provokes dimerization.

In this work, a new class of multivalent antibody is described and characterized in vitro and in 
vivo. The novel antibody format, termed “trimerbody”, comprises a scFv fragment connected 
to the N-terminal trimerization subdomain of collagen XVIII NC1 by a flexible linker. As 
indicated by computer graphic modeling, the trimerbody has a tripod-shaped structure with 
three highly flexible scFv heads radially outward oriented. Trimerbodies are trimeric in solution 
and exhibited multivalent binding, which provides them with at least a 100-fold increase in 
functional affinity than the monovalent scFv. Our results also demonstrate the feasibility of 
producing functional bispecific trimerbodies, which concurrently bind two different ligands. 

>> (Cont.)
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Biodistribution studies in nude mice bearing human tumor xenografts showed that trimerbodies 
with different specificities display similar pharmacokinetics, while tumor uptake may vary 
depending on the antigen–antibody system. A trimerbody specific for the carcinoembryonic 
antigen (CEA), a classic tumor-associated antigen, showed efficient tumor targeting after 
systemic administration in mice bearing CEA-positive tumors. Importantly, a trimerbody that 
recognizes an angiogenesis-associated laminin epitope, showed excellent tumor localization 
in several cancer types, including fibrosarcomas and carcinomas. These results illustrate the 
potential of this new antibody format for imaging and therapeutic applications, and suggest 
that some laminin epitopes might be universal targets for cancer targeting.

>> (Cont.)
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Designing a cassette gene system for a chimeric-truncated 
plasminogen activator using splicing by overlap extension 
PCR

Fatemeh Davami, S. Sardari, F. Barkhordari, A. Adeli, E. Sabouri, 

H. Gomari and F. Mahboudi 

Biotechnology Reserch Center, Pasteur Institute of Iran, Tehran, Iran

The fibrin-specific thrombolyticum tissue-type plasminogen activator (t-PA) has proven to 
be a potent drug in several clinical trials, but its clinical application is complicated by the 
rapid clearance from the circulation. Several deletion-mutation variants including Kringle2 
plus serine protease (rk2s) have been considered in purpose of reducing hepatic uptake 
and clearance, but by deleting the finger domain the affinity of rk2s for fibrin is completely 
suppressed. One of the molecular biological efforts in this area has been to overcome this 
shortcoming by creating thrombolytic molecules with favorable biological characteristics, such 
as enhanced clot specifity. A βtetra-peptide, corresponding to the amino terminal segment of 
the fibrin lope of fibrin and βchain, can interact with a complementary site on the therefore 
compensate for lower fibrin affinity of (rk2s). A cassette gene system for a chimeric-truncated 
plasminogen activator comprising of aminoacids 1-3 and 176-527 of native (t-PA) were 
successfully assembled (and confirmed by sequencing) , with the use of SOEing PCR, offering 
an additional improvement on the combination of deleting some domains and inserting a 
21bp fragment simultaneously. 
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Secretion of functional Nanobodies from immune libraries 
into E. coli culture supernatants with a type 1 secretion 
system

Sofía Fraile1, David Ruano1, Carlos Gutierrez2 and Luis Angel Fernández1

1.Department of Microbial Biotechnology, National Center of Biotechnology (CNB-CSIC), 
Madrid, Spain; 2.Department of Animal Medicine and Surgery, Veterinary School, University of 
Las Palmas, Gran Canaria, Spain

Proteins secreted by Gram-negative bacteria using a Type 1 Secretion System (T1SS) are 
recognized by a simple three-component protein machinery forming a continuous channel 
in the bacterial envelope that connects the cytoplasm with the extracellular medium. As a 
consequence, the secreted protein does not have access to periplasmic chaperones, such 
as disulfide-bond catalysts and peptidyl-prolyl cis-trans isomerases frequently required for 
the correct folding of immunoglobulin domains. Nonetheless, we had previously shown 
that the a-hemolysin T1SS from E. coli was able to secrete into the culture media a model 
Nanobody against porcine a-amylase in a fully functional form, both as a monomeric molecule 
or as a high-avidity dimer with the GCN4 dimerization motif. In this work we have tested the 
universality of the a-hemolysin T1SS for the secretion of active Nanobodies into the extracelluar 
mileu of E. coli cultures. To this end, we generated a phagemid Nanobody library after camel 
immunization with three bacterial antigens, performed two cycles of panning selection, and 
cloned the pools of enriched Nanobodies against each antigen in dedicated vectors for T1-
dependent secretion. The primary sequence of the positive Nanobody binders identified by 
ELISA screening of E. coli culture supernatants (after T1-dependent secretion) were compared 
with that of the clones selected by standard phage ELISA screening. The data of this analysis 
revealed that the a-hemolysin T1SS was capable of secreting in a fully functional form the vast 
majority (ca. 95%) of the antigen-specific Nanobodies present in the immune library.
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VHH directed to rotavirus VP6 protein possess neutralizing 
activity in vitro and in vivo protection independent of viral 
serotypes

Lorena Garaicoechea1, A. Olichon2, S. Gómez-Sebastián4, A. Wigdorovitz1, 

G. Marcoppido1, M. Mozgovoj1, L. Saif3, J.M. Escribano4, T. Surrey2 

and V. Parreño1

1.Instituto de Virología, Instituto Nacional de Tecnología Agropecuaria (INTA Castelar), 
Buenos Aires, Argentina; 2.EMBL, Heidelberg, Germany; 3.Ohio State University, Columbus, USA; 
4.Algenex, Campus de Montegancedo, Madrid, Spain

Group A rotavirus (RV) is one of the main causes of severe diarrhea in human infants and 
newborn animals. Rotavirus virions are triple layered particles. The outer capsid proteins VP4 
and VP7 are highly variable and represent the major neutralizing antigens, according to VP4 
and VP7 variation, RV are classified in serotypes. The inner capsid protein VP6 is conserved 
among group A RV, is highly immunogenic and is the target antigen of most immuno-diagnosis 
tests. Antibodies directed to VP6 have not shown neutralizing activity to RV infection in vitro. 
Llama derived single chain antibody fragments (VHH) are the smallest molecules with antigen 
binding capacity and can therefore be expected to have properties different from conventional 
antibodies regarding the virus neutralization properties. In this study a library containing the 
VHH genes of a llama immunized with recombinant inner capsid protein VP6 was generated. 
Binders directed to VP6, were selected and characterized by ELISA and WB. Four selected 
VHH directed to conformational epitopes of VP6 recognized all human and animal RV strains 
tested and were engineered for their use in ELISA for Group A RV detection. More interestingly, 
three out of the four mentioned VHH neutralized RV infection in vitro, independently of the 
strains serotypes. 

Furthermore this result was confirmed by in vivo partial protection against RV challenge in 
a neonatal mouse model. One of the neutralizing VHH was successfully engineered to be 
expressed with good yields in a non fermentative system based on baculovirus and insect 
larva. This study demonstrates for the first time a broad neutralization activity of VP6 specific 
VHH in vitro and in vivo. The low cost production of VHH directed to VP6, in baculovirus 
and insect larva, may open a possibility of the development of new therapeutic tools against 
rotavirus diarrhea based on VHH antibodies, specially in developing countries where disease 
cause more than 600 thousand children deaths every year.
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Exploration of the biodegradative landscape of polluted 
sites with recombinant camel antibodies

O. Zafra, S. Fraile, V. de Lorenzo and Jose I. Jimenez 

National Center of Biotechnology (CNB-CSIC), Madrid, Spain

Metabolic activities of microorganisms in polluted soil attenuate the toxicity of contaminants, 
but its catabolic potential and the chemical fate of certain harmful wastes is difficult to know 
beforehand. To tackle this issue, we have set up a workflow for production of large libraries 
of recombinant camel antibodies for monitoring major types of biodegradative microbial 
reactions, in order to use them to diagnose microbial catalytic potential and predict its 
evolution. The approach involves in the generation of dedicated antibodies against major types 
of biodegradative enzymes. Specifically, variable domains of single heavy-chain antibodies 
from camels are chosen for detecting the active centre signature of the selected markers, as 
it has been reported their better recognition of crevices in the antigen. To this end, camels 
were inoculated with mixtures of a collection of 11 proteins involved in biodegradative or 
detoxification processes. The resulting single-domain antibody repertoire was captured in a 
phage display library and panned separately against the inoculated enzymes. This resulted 
in several types of affinity molecules against the target family enzymes. Further isolation 
and recovery of phages from western membranes provides a large-scale bacterial system to 
get recombinant monoclonal antibodies against each of the proteins of interest. These are 
amenable for identification of pan-enzymes (the whole of proteins which execute the same 
reaction in a ecosystem) in environmental metagenomes.



Recombinant Antibodies: new developments for future challenges

Poster Session

Madrid ı October 20-22, 2008 International Symposium 49

11

Functional effect the interloop disulfide bond on camelid 
heavy-chain variable domains

Jochen Govaert, Dirk Saerens, Mireille Pellis, Anne Kindt 

and Serge Muyldermans

Laboratory of Cellular and Molecular Immunology, Department of Molecular and Cellular Inte-
ractions, Flanders Interuniversity Institute for Biotechnology, Vrije Universiteit Brussel, Brussels, 
Belgium

The heavy-chain antibody subclass in dromedaries has the propensity to introduce an 
additional disulfide bond within its variable domain (VHH or Nanobody). This disulfide is 
formed between a Cys residue encoded in the VHH germlines and an additional Cys residue, 
somatically introduced into the CDR3. Subsequently, the CDR3, on average longer in VHHs 
as compared to conventional VHs, is disulfide cross-linked either to the CDR1 or framework-2 
position (aa 50) in dromedaries, or to position 53 of framework-2 in llama. 

The presence of such an interloop disulfide bond is thought to restrict the conformational 
flexibility of the long CDR3 loop in the antigen-free form so that immobilizing the loop upon 
antigen binding minimizes the entropic penalty. Moreover, many studies indicated that 
disulfide bridges can increase the conformational stability of proteins mainly by reducing the 
conformational entropy of the unfolded state and constraining the unfolded conformation. 
Since the VH and VL are mutually stabilizing each other in a scFv format, the VHH antigen 
binding fragments that obviously lack this VL stabilizing association might depend on this 
extra interloop disulfide bond to attain a sufficiently stable level. Until now, the exact role of 
the interloop disulfide bond for the stability of the VHH or its effect on antigen binding remains 
unknown. 

In this study we chose several Nbs with different CDR3 lengths for randomizing the Cys codons 
forming the interloop disulfide bridge. These limited VHH libraries were subjected to in vitro 
selections, i.e. phage display and bacterial-two-hybrid against the original antigen. Variants of 
the wild-type Nbs were retrieved and functionally characterized. Many different amino acid 
combinations substituting the parental cysteines were obtained among the antigen-specific 
variants. The amount of different combinations seemed to be proportional to the CDR3 length. 
In most cases, the affinity for the cognate antigen of the mutant VHHs was reduced, although 
the actual affinity drop was lower than anticipated. In addition all variants appeared to be 
chemically and thermally less stable than the parental Nb. 

Our current data support a dual role for the interloop disulfide bridge within VHHs, i.e. a 
beneficial effect on antigen-binding and domain stability. Since the interloop cystin is somatically 
introduced, the enhanced stability of the VHH might give a critical selective advantage to these 
VHHs in addition to their selection for improved antigen recognition during affinity maturation. 

>> (Cont.)
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Moreover, if the functionality (stability and affinity) of a VHH depends on (or at least, benefits 
from) the presence of an interloop disulfide bond it should come as no surprise that VHH 
germline genes evolved towards the incorporation of a CDR1-Cys codon. Finally, the presence 
of a similar disulfide bridge connecting the long CDR loops in shark single-domain antibodies 
further supports their critical advantage.

>> (Cont.)
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Generation of a human IgM monoclonal antibody directed 
against HLA class II molecules: a potential agent in the 
treatment of haematological malignancies

Belén Díaz, Irene Sanjuan, Francisco Gambón, Dianne Catalao, 

Paulo Fernandes, Susana Magadán and África González–Fernández 

Immunology, Universidad de Vigo, Pontevedra, Spain; Inmunology Unit, Hematology Unit, 
Hospital Meixoeiro, Complejo Hospitalario Universitario de Vigo, Pontevedra, Spain; Instituto 
Superior de Saúde do Alto Ave (ISAVE), Geraz do Minho, Póvoa de Lanhoso, Portugal

Purpose

Human Leukocyte Antigen (HLA) class II molecules have been considered as a good target 
molecule for use in immunotherapy, because of the high expression in some lymphoma and 
leukaemia cells and, also, because of their restricted expression on human cells (monocytes, 
dendritic, B lymphocytes, thymic epithelial cells, and some cytokine-activated cells, such as 
T lymphocytes).

Our group has obtained and characterized a fully human IgM monoclonal antibody 
directed against HLA-II molecules using transgenic mice carrying human Ig genes (BAB 
kappa,lambda mice). 

Results

Competitive assays and immunoprecipitation estudies confirmed the antibody BH1 (IgM/
kappa isotype) binds HLA class II antigen. BH1 recognizes HLA class II molecules expressed 
on tumour cell lines and malignant cells from patients suffering hematological diseases, 
such as chronic and acute lymphocytic leukemias, non-Hodgkin lymphomas and myeloid 
leukemias. Interestingly, functional studies revealed the BH1 mAb recognizes and kills very 
efficiently tumour cells from several leukemia patients in the presence of human serum as a 
source of complement. 

Conclusions

These results suggest that this fully human IgM monoclonal antibody could be considered as 
a potential agent in the treatment of tumoral pathologies where HLA classII positive cells are 
involved.



Recombinant Antibodies: new developments for future challenges

Poster Session

International Symposium Madrid ı October 20-22, 200852

13

Efficient surface display of Nanobodies in E. coli using 
the type V secretion system

Elvira Marín1, Gustavo Bodelón1, Rocio Martínez2, Carlos Gutierrez3 

and Luis A. Fernández1

1.Department of Microbial Biotechnology, National Center of Biotechnology (CNB-CSIC), Madrid, 
Spain; 2.Microbionta S.L., Tres Cantos, Spain; 3.Universidad de las Palmas, Facultad de 
Veterinaria, Gran Canaria, Spain

The largest group of secreted proteins in Gram-negative bacteria belongs to the so-called 
Type V secretion system (T5SS) and include adhesins, proteases and cytotoxins of important 
pathogens. The distinct feature of these proteins is their ability to “self-translocate” across 
the bacterial cell envelope in the absence of dedicated protein machineries other than those 
present in the bacterium for “house-keeping” of the cell-envelope and that are fairly conserved 
among distant strains. In this work we have used the minimal transporter domain from selected 
members of the T5SS to direct the translocation and display in the surface of E. coli cells 
of single domain VHH antibodies (Nanobodies). We have identified two distinct transporter 
domains that allow efficient display levels of Nanobodies in E. coli as N- or C-terminal fusions. 
Optimal expression of selected Nanobodies, as well as of clones randomly chosen from 
immune libraries, has been demonstrated. We show that the Nanobodies displayed in the 
surface of E. coli cells are functional for specific antigen-binding using ELISA, Fluorescent-, 
and Magnetically- Activated Cell Sorting (FACS and MACS). Preliminary data of high-affinity 
Nanobody binders selected using this bacterial display system will be presented. 
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Direct intracellular selection of single-domain antibodies 
using a novel bimolecular fluorescence complementation 
screen

Aurélien Olichon1 and Thomas Surrey2

1.Inserm U563, Institut Claudius Regaud, Toulouse, France; 2.EMBL, Heidelberg, Germany

Genetically encoded fluorescent antibodies are desirable for many applications in 
biotechnology and proteomics. However, the efficient production of single chain antibodies 
fused to fluorescent proteins like GFP is still a major challenge. This is due to the opposite 
redox requirements of recombinant antibodies and fluorescent proteins for proper folding. To 
overcome this obstacle we designed a novel strategy to directly select functional fluorescent 
antibodies (fluobodies) engineered for efficient cytosolic expression in E. coli, starting from 
a llama heavy chain antibody (VHH) library. We used this strategy to identify a convenient 
biomarker of the microtubule cytoskeleton in eukaryotic cells and engineered its properties. 
We further engineered a novel intracellular screen based on direct interaction between VHH 
and antigens in E. coli cytosol using bimolecular fluorescence complementation (BiFC). The 
direct selection of fluorescent colonies allowed us to quickly identify a VHH that recognizes 
specifically the motor domain of a mitotic kinesin in the complementation assay as well as 
in in vitro pull-down or immunofluorescence assays. Furthermore, we engineered soluble 
and functional intracellular expression of fluobodies (previously called chromobodies) in 
mammalian cell and could stain the expected location of the kinesin in the mitotic spindle. 
This work provides a reliable approach for the selection and production of fluobodies in wild 
type E. coli as well as in mammalian cells, thus creating new opportunities for biotechnology, 
cell biology and biomedical research.
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Nanobody targeted PEI nanoparticles for suicide gene 
delivery 

Fatemeh Rahbarizadeh, Elham Sadeqzadeh, Mohammad Javad Rassaee, 

Seyed Moein Moghimi and Farnoush Jafari

Department of Medical Biotechnology, Tarbiat Modares University, Tehran, Iran 

The biggest challenge in gene delivery procedures, especially in cases like cancer, is to find 
the best vector for gene transfer and transfection, specifically in vivo. Polyethyleneimine (PEI) 
has been known to be an efficient gene carrier having the highest cationic charge potential. 
Polyethyleneglycol (PEG) molecules are used as a coating for the PEI-DNA complex in order 
to increase solubility and decrease cytotoxicity effects of the PEI compound. In certain cases, 
such as using gene delivery procedures as therapeutic ways for cancer therapy it is of essence 
that the gene be delivered to the target cells in an intact form. Targeting the PEI – DNA 
complex to the target cells could be managed by using specific antibodies against certain 
tumor markers specific to cancerous cells. As antibodies can arise immunologic responses 
and thus result in nonresponsiveness in booster injections, the targeted gene delivery vector, 
in this case PEI, can be targeted using the variable heavy chain (VH) of camelidae family 
antibody, in short nanobodies. These are part of the VH domain of camelidae antibody being 
functional apart from the antibody construct. Hence, given the name of VHH to reduce the 
confusion it may bring with the VH part of the whole antibody. In this study it was aimed to 
deliver a suicide gene construct to MCF7 cell lines, expressing the MUC1 antigen on their 
surface, using the PEI-DNA complex, to induce cell apoptosis in this cell line specifically. To 
this end, the nanobody against MUC1 was separated from a phage library using the panning 
procedure (polyclonal and monoclonal). PEI nanoparticles were combined with a gene 
construct containing the tBid gene along with ERE and HRE promoters. The nanobody against 
MUC1 was attached to the nanoparticles and this complex was used to transfect targeted 
cells. Results show this nanoparticle was able to target and transfect cells with the mentioned 
gene construct. Thus it can be deducted that PEI nanoparticles can be used as vectors for 
other complexes, especially genetic constructs and drugs having a total negative charge.
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Generation and optimization of human recombinant 
antibodies against gC1qR/p32 for the molecular imaging 
of cancer

David Sánchez-Martín1, Valentina Fogal2, Erkki Ruoslahti2 

and Luis Álvarez-Vallina1

1.Molecular Immunology Unit, Hospital Universitario Puerta de Hierro, Madrid, Spain; 2.Burnham 
Institute for Medical Research (at UCSB), University of California, Santa Barbara, USA

The receptor for the globular heads of C1q (gC1qR / p32 / p33 / HABP1) is a ubiquitously 
expressed cellular protein, also found in plasma and in the extracellular matrix. Not only is it 
involved in modulating the activation of the complement and in the kallikrein-kinin system, 
but also has been identified as a putative ligand of endovascular pathogens and has been 
postulated as a potential target for the diagnosis and therapy of cancer.

This role in cancer has been suggested to involve the amino terminal domain of p32, an 
epitope recognized by the LyP-1 peptide and the monoclonal antibody (mAb) 60.11. We 
have focused in this aspect, and chose an approach based on phage display to obtain a 
series of p32-recognizing recombinant antibodies, which could be potentially used as tools in 
diagnosis, therapy, and in clarifying p32’s physiological function.

After two rounds of selection of a human synthetic scFv phage display library against recombinant 
human p32, a 60% of positive clones was obtained and ten of them - representing the main 
families of chains (IGHV1, IGHV3, IGHV4, IGLV1 and IGLV3) - were further characterized in 
preliminary ELISA assays. At least three purified soluble scFv antibodies have been able to 
detect the antigen in the surface of cells and two of them were found to compete with the mAb 
60.11., thus, were selected as potential candidates to be further optimized.

To circumvent inherent disadvantages of the scFv format a multimerization approach based 
on the trimerization domain of the collagen XVIII was adopted. This strategy provides with an 
optimized imaging agent, with increased tumour-to-blood ratio, longer half-life, and higher 
avidity than the monovalent counterpart. At present, we are also evaluating the potential 
therapeutic effect of these recombinant antibodies in vivo, in human tumour-bearing mice.
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Microselection – raising antibodies against a single rare 
cell in a heterogeneous population

Morten Dræby Sørensen1,2, Inge Errebo Agerholm3, Britta Christensen2, 

Steen Kølvraa2 and Peter Kristensen1

1.Department of Molecular Biology, University of Aarhus, Aarhus, Denmark; 2.FCMB ApS, Vejle, 
Denmark; 3.The Fertility Clinic, Brædstrup Hospital, Brædstrup, Denmark

Rare cells not normally present in the peripheral bloodstream have potential applications 
for development of non-invasive methods for diagnostics or follow up. Obtaining these cells 
however require some means of discrimination, achievable by cell type specific antibodies.

Here we have generated a microselection method allowing antibody selection, by phage 
display, targeting a single cell in a heterogeneous population of cells. The phage particles 
bound to the target cell are protected by a minute disc, while inactivating all remaining phage 
by UV-irradiation; leaving only the phage bound to the target cell viable. We hereby retrieved 
up to eight antibodies per single cell selection, including three highly cell type specific.
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Bispecific and bifunctional antibody molecules for 
targeted cancer immunotherapy

Roland Stork1, Emmanuelle Campigna2, Bruno Robert2, Kirstin Zettitz1, 

Anette Karle1, Katharina Frey1, Agnes Banaszek1, Bettina Meißburger1, 

Miriam Rether1, Roland Kontermann1 and Dafne Müller1 

1.Institute for Cell Biology and Immunology, University of Stuttgart, Stuttgart, Germany; 
2.INSERM-U860, Institut de Recherche en Cancérologie de Montpellier (IRCM), Université 
Montpellier, Montpellier, France

Recombinant bispecific antibodies have been shown to be capable of retargeting cytotoxic T cells 
to tumor cells in a MHC-independent manner, triggering effector cell activation and consecutive 
tumor cell death. We have generated various bispecific single-chain diabodies (scDb) for the 
retargeting of cytotoxic T cells to tumor cells, e.g. scDb CEACD3 and scDbFAPCD3 recognizing 
carcinoembryonic antigen and fibroblast activation protein, respectively. Effector cell stimulation 
and specific killing of target cells was demonstrated in vitro. However, we found that these 
small molecules (approx. 55 kDa) are rapidly cleared from circulation. In order to improve the 
pharmacokinetic properties of these small molecules we developed and compared four strategies: 
(1) fusion to human serum albumin (HSA), (2) fusion to a staphylococcal albumin binding 
domain (ABD), (3) side-directed conjugation to a branched 40 kDa polyethylene glycol (PEG), 
and (4) N-glycosylation. Using scDbCEACD3 as model antibody we found a strongly improved 
circulation time for PEGylated scDb, scDb-HSA as well as scDb-ABD, while N-glycosylation 
only moderately prolonged circulation time. An improved targeting to CEA positive tumors was 
demonstrated for scDb-ABD compared to scDb injecting 131I-labeled scDb and 125I-labelled 
scDb-ABD into tumor bearing mice. Thus, we have established different methods to increase the 
circulation time to various extents, which should be broadly applicable to improve serum half-
lives of small recombinant proteins. Considering that costimulation is an essential requirement 
not only to initiate T cell activation, but also for the regulation of a proper T cell response, 
selective costimulation in combination with bispecific antibodies might further improve the anti-
tumor immune response. In this context, B7 and 4-1BBL are particularly promising candidates. 
In order to achieve B7 and 4-1BBL-mediated costimulation at the tumor site we generated 
recombinant antibody-cytokine fusion proteins, composed of a tumor cell-specific recombinant 
antibody either as scFv fused to the extracellular domain of human ligand 4-1BBL or as 
diabody fused to the extracellular region of B7.2. These recombinant fusion proteins exhibited 
costimulatory properties, which were found to be concentration dependent, ligand-specific and 
substantially constrained to antigen-mediated cell binding. Thus, targeted costimulation with the 
B7 and 4-1BBL fusion proteins is a promising strategy to enhance T cell activation by bispecific 
antibodies. In summary, we have generated bispecific and bifunctional molecules as well as 
strategies to prolong their circulation times for the induction and maintenance of a potent, long-
lasting anti-tumor response of the immune system. 

18
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A novel antibody-based minimal intensity A novel 
antibody-based minimal intensity conditioning regimen for 
children with severe organ toxicity or DNA repair disorders

Karin C. Straathof1, K. Rao1, M. Eyrich2, G. Hale3, P. Bird3, E. Perry3, 

L. Brown1, P.G. Schlegel2, E.G. Davies1, M.K. Brenner4, P.A. Veys1 

and P.J. Amrolia1

1.Great Ormond Street Children’s Hospital, London, UK; 2.Children’s Hospital, University of 
Wuerzburg, Germany; 3.Sir William Dunn School of Pathology, University of Oxford; 4.Center for 
Cell and Gene Therapy, Baylor College of Medicine, Houston, USA 

Children with severe organ toxicities, DNA repair disorders and infants <1 year tolerate existing 
conditioning regimens, including reduced intensity conditioning, poorly. To reduce treatment 
related mortality in such patients, we used a minimal intensity conditioning regimen utilising 
2 rat anti-CD45 monoclonal antibodies (Mabs) YTH24.5/YTH 54.12 for myelosuppression 
and Alemtuzumab (anti-CD52) for immunosuppression. As CD45 is expressed selectively on 
haemopoietic cells, the Mabs provide immunosuppression and transient myeloablation without 
the systemic toxicity associated with chemotherapy. 16 children (7 SCID, 5 CID, 2 dyskeratosis 
congenita, 1 reticular dysgenesis, 1 HLH) were transplanted at a median age of 11 months (5 
months-11 years). Inclusion criteria were primary immunodeficiency (PID) in children age <1 
(n=9), severe organ toxicity (n=14) and DNA repair defects/radiation sensitivity (n=4). Donors 
were MSD (n=5), MUD (n=9) and MMUD (n=2). Severe organ toxicity was defined as a) O2 
requirement at BMT/prior ventilation, b) FEV1 or FVC < 60% predicted, c) Bilirubin >50 uM 
or ALT> 4 x normal or d) TPN dependent enteropathy. The conditioning regimen consisted of 
Alemtuzumab 0.2 mg/kg x 3 (MUD) or 0.1 mg/kg x 3 (MSD) on D-8 to –6, YTH 24.5/54.12 0.4 
mg/kg on D-5 to D-2, with Fludarabine 150 mg/m2 and Cyclophosphamide 1200 mg/m2. GVHD 
prophylaxis was with CSA and MMF. Stem cell source was PBSC in 5/16 patients, BM in 10/16 
and cord blood in 1/16. 

The Mabs were well tolerated with no grade 4 toxicity and only 1 grade 3 toxicity attributable to the 
conditioning regimen. Fifteen of 16 patients engrafted, 1 rejected with autologous reconstitution. 
In 14 of these patients the median time to neutrophil recovery > 0.5 x 109/L was 9.5 days (range 
1-15). One patient who received a MMUD cord blood graft engrafted after an extended period 
of neutropenia. Of 15 engrafted patients, 7 achieved 100% donor chimerism, 3 100% donor 
chimerism in T-lymphoid lineage only, 4 high level mixed chimerism (MC) in both myeloid and 
lymphoid lineages and 1 low level MC. The latter patient has successfully been retransplanted 
with full intensity conditioning. Six patients developed significant aGVHD (3 grade 2, 3 grade 3). 
Since BM has been used as the stem cell source, only 1/10 has had aGVHD >= grade 3. 5/14 
evaluable patients developed cGVHD (limited n=3; extensive n=2), which has resolved in all 
cases.

>> (Cont.)
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The median time to normal CD3 counts was 9.5 months (range 2 - 20), to normal CD4 counts 12 
months (range 6 – 20) and to normal CD19 counts 12 months (range 1 – 24), similar to immune 
reconstitution with more intensive protocols. One patient with dyskeratosis congenita died of late 
sepsis despite full donor engraftment and 1 patient with congenital auto-immune vasculitis died 
of Aspergillosis and relapsed disease in association with high level MC. At a median follow up 
of 36 months (range 18 – 58 months), 13/16 patients in this high risk cohort are alive 13 of 16 
patients in this high risk cohort are alive and cured from their underlying disease. In summary, 
Mab-based conditioning is well tolerated and achieves engraftment even in patients with severe 
organ toxicity or DNA repair defects, with a short period of neutropenia. The protocol enables 
transplantation in patients who previously would not be candidates for such a procedure and 
may additionally reduce late effects.

>> (Cont.)
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Towards dissecting microtubule motor functions in mitosis 
using recombinant llama antibody inhibitors 

Martina Trokter, Aurelien Olichon, Christine Schulz, Karola Ruck-Braun 

and Thomas Surrey

EMBL, Heidelberg, Germany and Technische Universität Berlin, Berlin, Germany

Accurate segregation of genetic material during mitosis is essential for the viability of future 
cellular generations. Chromosomes are segregated into two daughter cells by a dynamic, 
microtubule-based structure known as the spindle. The dynamic properties of microtubules 
and the activities of their associated motors are responsible for the sequence of movements 
that underlie mitosis. A balance of forces generated by multiple motors is thought to be of 
crucial importance. Understanding how microtubule motors function during cell division may 
offer insights into the molecular basis of disease states that arise from spindle malfunctions, 
as well as the etiology and treatment of cancer. 

Genetic or (bio)chemical inhibitions of motor activities are powerful tools to dissect the function 
of motors in cells. But a general approach to produce motor protein inhibitors is lacking. 
Especially inhibitions at specific time points during mitosis and/or at specific locations inside 
the spindle are difficult or impossible to achieve with presently available methods. However, 
being able to control motor activity in a spatially and temporally defined manner is important 
to understand the complex interplay between motors during cell division. We develop here a 
method that allows us to generate specific inhibitors based on llama single domain antibody 
fragments (VHH). Combining chemical biology approaches with recombinant antibody 
technology we aim at generating a molecular photoswitch of activity. We present first results 
obtained for antibodies generated with the aim to control the activity of dynein, a motor that 
has pleiotropic functions in cell division.
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Active cancer immunotherapy by anti-MET antibody gene 
transfer

Elisa Vigna, Massimiliano Mazzone, Giovanni Pacchiana, Cristina Basilico, 

Selma Pennacchietti and Paolo M. Comoglio

Institute for Cancer Research and Treatment (IRCC), Candiolo, Italy 

Gene therapy provides a still poorly explored opportunity to treat cancer by “active” 
immunotherapy as it makes possible the transfer of genes encoding antibodies directed against 
specific oncogenic proteins. By a bidirectional lentiviral vector we transferred to epithelial 
cancer cells the cDNA encoding heavy and light chains of a monoclonal Met antibody (DN-
30). In vitro, the transduced cells synthesized and secreted correctly assembled antibodies 
with the expected high affinity (10-9 M), inducing down regulation of the Met receptor and 
strong inhibition of the invasive growth response to HGF. The inhibitory activity resulted: (a) 
from the interference of the antibody with the Met receptor intracellular processing (“cell 
autonomous activity”, in cis) and (b) from the antibody-induced cleavage of Met expressed at 
the cell surface, (“bystander effect”, in trans). The monoclonal antibody gene transferred into 
live animals, by systemic administration or by local intra-tumor delivery, resulted in significant 
inhibition of tumor growth. These data provide proof of concept for targeting the Met oncogene 
by antibody gene-therapy.
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Camel single-domain antibodies for therapeutic 
applications

Cécile Vincke, Issam Hmila, Serge Muyldermans, Mohamed El Ayeb, 

Balkiss Bouhaouala-Zahar and Katja Conrath

Laboratory of Cellular and Molecular Immunology, Department of Cellular and Molecular 
Interactions, VIB, Vrije Universiteit Brussel, Brussels, Belgium; Laboratoire des Venins 
et Toxines, Institut Pasteur de Tunis, Tunis, Tunisia

Camels and llamas produce a functional type of antibodies, composed of homodimers of 
heavy-chains only. The antigen-binding entity of these Heavy-chain antibodies (HCAbs) is 
reduced in size to one single domain referred to as Nanobody. Specific hallmark residues 
and structural adaptations confer to these Nanobodies good stability, improved solubility 
and a high degree of specificity and affinity for their antigen. An additional advantage is the 
unique property of Nanobodies to recognize cryptic, hidden or poorly antigenic epitopes for 
conventional antibodies. These favorable characteristics make Nanobodies very attractive 
tools for tumor targeting, diagnostics or even for in vivo therapy. Because Nanobodies possess 
a high degree of sequence identity with human VH domains and can even be humanized 
using a human VH sequence as a lead, it is expected that such humanized Nanobodies will 
not be immunogenic when administered in man.

One example of the beneficial properties of Nanobodies over other antibody formats is 
illustrated in the field of scorpion envenoming. Current anti-scorpionic toxin immunotherapy, 
composed of equine polyclonal Fab or F(ab)’2 antibody fragments exhibits serious drawbacks 
regarding production and efficacy, due to poor distribution and diffusion kinetics. A Nanobody 
against the Androctonus australis hector AahI’ toxin, one of the most toxic molecules in 
scorpion venom was shown to possess a scorpion neutralization capacity that exceeds that 
of all previously tested scFv-based constructs in mouse models. Because of its small size 
and a biodistribution that matches closely that of the toxin, this Nanobody might offer novel 
serotherapeutic benefits to combat scorpion envenoming. 

Another attractive therapeutic potential of Nanobodies can be found in the treatment of 
amyloidosis disorders such as the Alzheimer’s disease, since preliminary studies indicated 
that stable Nanobodies could prevent, in vitro, the unfolding of unstable amyloidogenic 
protein variants. This suggests that Nanobodies against the Abeta-peptide could potentially 
lower cerebral Abeta levels, alter Abeta accumulation and aggregation and decrease Abeta 
toxicity. Another approach is provided by the inhibition of the beta-secretase (BACE-1), 
which is widely accepted as a promising therapeutic strategy, since mice deficient beta-
secretase seem to be deprived of amyloid peptide formation, and remain in at first sight 
healthy and fertile. 

>> (Cont.)
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We isolated and characterized several Nanobodies against the Abeta-peptide and the beta-
secretase. All these Nanobodies bind their respective antigen with an affinity in the nanomolar 
range. The Abeta-specific Nanobodies target an epitope located between the residues 18 
and 25 of the Abeta-peptide and preliminary assays demonstrated their ability to prevent and 
disaggregate fibril formation in a concentration dependant manner. In addition, several BACE-
specific Nanobodies were shown to inhibit BACE-activity. Future work involves the validation 
of these inhibitors in in vivo mouse models for the Alzeihmer’s disease and the assessment of 
their capacity to reduce the formation of amyloid plaques.

>> (Cont.)
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Well-based screening strategies that yield femtomolar 
binding affinity against a protein antigen without display 
panning

Hanna Plittersdorf1, Susanne Steinig1, Nina Habrich1, Christian Vostmeier1, 

Andreas Scheidig1, Oliver Hesse1, Michael Strerath1, Astrid Rüter1, 

Nicho Lobrenz1, Alexander Korseska1, Ronrad Odendahl1, Sabine Jach1, 

Simona Brückner1, Kerstin Baral1, Margrett Hart3, Sandra Geske1, 

Ote Beister1, Peter Scholz1, Kornelia Kirchner1, Uwe Gritzan1, 

Klaus Pellengahr1, Jan Tebbe1, Andrea Schweiger1, Jörg Birkenfeld1, 

Carsten Bäumchen1, Kathrin Meyer1, Andrea Kath1, David Myszka2, 

Lucien Aarden3, Wayne M. Coco1 and Ulrico Haupts1

1. Direvo Biotech AG, Biopharmaceuticals, Cologne, Germany; 2. Center for biomolecular 
interaction análisis, University of UTA, SALT Lake city, Utha, USA; 
3. Deprtament inmunopatology, Sanquin Research, Amnsterdam, The Netherlands

Here a double substitution CDR mutagenesis approach was applied to D2E7, an anti-TNF-alpha 
antibody. In a former independent study this antibody, which already shows ~ 180 pM binding 
affinity towards its target, was optimized (to KD ~ 10 pM) using a yeast display approach. 
In the current program, D2E7-based Fab libraries were generated using oligonucleotides, 
each introducing two paired and saturation mutagenized amino acid positions throughout 
the six CDRs. A fully automated, clonal high throughput screening process enabled the 
screening of many tens of thousands of Fab variants per day in a competition ELISA format. 
The complete combinatorial complexity of selected advantageous mutations was generated in 
several subsequent DNA libraries and completely screened with oversampling for improved 
dissociation rates using a competitive Time Resolved-FRET assay that also exploited our 
automated high throughput antibody engineering platform. This strategy yielded variants 
with dissociation constants ~ 400 fM and were further shown to neutralize TNF-alpha more 
efficiently than the original D2E7 Fab in a cell-based bioassay.
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The generality of VHCDR1-VHFR2-VLCDR3 antibody 
mimetics

Xiao-Qing Qiu1, Chun-Feng Zhang1 and He Wang2

1.Laboratoty of Biomembrane and Membrane Proteins, West China Hospital, Sichuan 
University, Chengdu, P.R. of China; 2.Laboratory of Genetics, West China Second University 
Hospital, Sichuan University, Chengdu, P.R. of China 

Monoclonal antibodies provide unparalleled specificity for targeting recognition in vivo, but 
their efficacy against cancer may be limited not only by their large size, which prevents them 
penetrating into solid tumors, also by their strong affinity hard to distinguish the differences of 
relative antigens shared by cancer cells and some normal cells. For size cut-down and reasonable 
affinity reduction, two complementarity-determining regions (CDRs), VHCDR1 and VLCDR3, 
through a cognate framework region (VHFR2) were fused to yeild a mimetic that retain the 
antigen recognition of their parent molecules, but have a superior capacity to penetrate tumors. 
In addition, with its reduced affinity, the mimetic could recognize the cells bearing a high-density 
of surface antigens only and ignored the cells bearing less density of relative antigens.

We constructed the first VHCDR1-VHFR2-VLCDR3 mimetic with the CDRs and FRs from a mAb 
against an Epstein-Barr virus surface antigen and fused it to the C terminus of a bacteriocin. 
Via circulatory administration, the fusion peptide eliminated xenografted Burkitt lymphoma 
in immuno-compromised mice. Then we fused other four mimetics with the CDRs and FRs 
from mAbs against different epitopes of mammalian cells to the same bacteriocin to construct 
corresponding fusion peptides. These fusion peptides presented targeting recognition against 
targets with correlated epitopes in vitro and in vivo. Thus our findings suggest that particular 
construct could be generalized to other antibodies.

Another question we are interested was, whether the mimetic could retain its affinity to 
recognize epitopes in a host with normal immunity. The mimetic comprised with the CDRs 
and FR from a mAb against folate binding protein of human ovarian carcinoma. This time we 
fused the mimetic to the C terminus of protective antigen, the recognition element of binary 
anthrax toxin, in which native recognition being deleted. As a host with normal immunity, 
F344 female rats were inoculated intraperitoneally with Nutu-19 rat ovarian carcinoma cells. 
Application with lethal factor, the toxin element of anthrax toxin, fusion peptides prevented the 
proliferation of carcinoma nodes in small intestines. These results indicated that mimetic did 
not lose its recognition ability in vivo with a normal immunity.

The in vivo activities of these mimetics strongly suggests that the structural orientation of the 
selected CDRs in these mimetics approximates the conformation of the CDRs in the antibody-
antigen complex, however, accurate three-dimensional structure needs to be identified in the 
future investigation.
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