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[14.00–14.30]
‘Design and discovery of antibody
biopharmaceuticals’
Daniel Lightwood
UCB-Celltech, Slough, Berkshire, UK

Abstract: Antibody generation at UCB enables large
B cell repertoires to be analysed at the single cell level
enabling panels of high affinity antibodies, with rare
but desirable functional properties, to be isolated. The
process involves thein vitro culture of immune B cells
followed by a stringent, high-throughputscreening cas-
cade. V-region genes are recovered from single B cells
isolated using our proprietary Fluorescent Foci Method.
Therapeutic antibody candidates can be rapidly and ef-
ficiently selected from more than one billion immune
B cells.

As no fusion event is required, and the process is
broadly applicable to any animal species, high affinity
anti-rodent target antibodies can be made. The perfor-
mance of these research reagents inin vivo models is
used to guide the selection of therapeutic antibody can-
didates to achieve maximum desired biological effects
through the optimum mechanism of action.

Utilising this advanced antibody technology, UCB is
driving a new Antibody to Hit Technology (A2HiTTM)
initiative, in which information about the binding char-
acteristics of high affinity, function-modifyingantibod-
ies is used to guide both the targeting and the design of
small molecule drugs.

[14.30–14.45]
Characterization of a tumor-targeting human
recombinant monoclonal antibody produced in
plants
M.E. Villania, M. Donini a, B. Morguna, I. Pisonia, C.
Baccia, A. Desiderioa and E. Benvenutoa
aENEA-Casaccia, UTS Biotecnologie, Protezione
della Salute e degli Ecosistemi, Sezione Genetica e
Genomica Vegetale, C.R. Casaccia, 00100 Roma, Italy
bPhilogen S.p.A., La Lizza 7, 53100 Siena, Italy

Introduction: Antibodies specific to tumor-associ-
ated antigens represent important tools for the treatment
of tumors. The large form of tenascin-C is an extracel-
lular matrix glycoprotein over-expressed in adult tissue
undergoing remodeling and neoplasia and represents
a preferential tumor associated antigen-target for both
therapy and diagnosis [1]. Efficient tumor targeting by
anti-tenascin antibodies has been already shown, but all
these antibodies are of murine origin and may therefore
not be suitable for repeated administration to patients
and for the development of biopharmaceuticals [2].

In the last decade, the technique to genetically mod-
ify plants has gained more interest in terms of biopro-
duction of valuable proteins; plants have been discov-
ered as a possible source of large amounts of cost ef-
fective and safe complex recombinant proteins. In par-
ticular it has been extensively demonstrated that plants
represent ideal bioreactors for the expression of fully
functional mAbs for human and animal disease ther-
apy [3,4]. The aim of this work is to obtain a ful-
ly human antibody against the C-domain of tenascin
C functionally expressed in plants and to compare the
yield, costs and quality to cell based methods. Expres-
sion levels obtained both by transient and stable plant
transformation (using different tobacco plant cultivars)
have been evaluated for the full length mAb and the
corresponding antibody scFv format .

Plant Transformation: We selected and character-
ized an scFv antibody (scFvH10), derived from a hu-
man phage-display library [5], that binds the C-domain
of tenascin-C and is already produced by a human cell
system. Two different antibody formats, the scFvH10
and the reconstituted fully human monoclonal antibody
mAbH10 were engineered in a plant expression vector.
The heavy (H) and light (L) chain genes of the mAbH10
were obtained by fusion of the variable domains to the
constant domain of a human IgG1 molecule and sepa-
rately colned in a plant expression vector (Fig. 1A).

All constructs were engineered in a plant expres-
sion vector driven by the cauliflower mosaic virus 35S

ISSN 1093-2607/07/$17.00 2007 – IOS Press and the authors. All rights reserved



38 Session 11: Applied technologies II

Human germline 
IgG1 genes 

Phage-displayed 
scFv(H10) 

Constant regions Variable regions 

Complete IgG(H10) Plant transformation 

A)

������� ���	
������� �����SK �
���

������� ���	
������� �����S �
���

������� ���� ���	
������� �����K

����

��� ��������� �����L

�������� ���	
����������� �����H
���	
��������

B)

c-myc 

c-myc 

c-myc 

Fig. 1. A) Schematic representation of IgG(H10) construction. B) Schematic representation of the five different plant expression constructs.

(CaMV35S) promoter and the translational enhancerΩ
sequence from tobacco mosaic virus (pBI-\Ω).

Heavy and light chain genes were separately cloned
in the pBI-Ω vector and were co-expressed in the plant
system to produce full-size mAb. It is already reported
that the two recombinant gene products co-expressed
in plants are correctly folded and assembled into an im-
munoglobulin molecule that is functionally equivalent
to its mammalian counterpart [6]. Protein expression
was directed to the secretory pathway using a murine
signal peptide (Fig. 1B).

All scFv(H10) constructs were fused to the PGIP
(Polygalacturonase Inhibiting Protein fromPhaseoulus
vulgaris) leader sequence and c-myc tag. Two con-
structs were with KDEL signal (K and SK) for ER re-
tention, and one without (S). SK and S were also fused
to the Strep-tag for detection and purification (Fig. 1B).

a) Transient expression of antibodies in Nicotiana
benthamiana plants: Transient expression inN. ben-
thamiana was performed by vacuum-agroinfiltration.
All scFv constructs have been infiltrated, and antibody
expression was analyzed by Western blot at set time
points (2 to 6 days post-infiltration (p.i.)). Recombi-
nant protein accumulation was only observed for scFv
constructs bearing the KDEL signal, with the highest
expression levels at the third day p.i.

Plants have also been separately transformed with
light and heavy chains antibody gene constructs demon-
strating high protein accumulation. Based on these
results, we verified the correct assembly in the full
mAbH10, by plant co-agroinfiltration with both light
and heavy chain constructs. Both functional ELISA on
recombinant tenascin-C and non-reducing SDS-PAGE
analysis with plant extracts revealed the accumulation
of fully assembled and functional immunoglobulin. In
order to enhance IgG expression together with light and

heavy chain constructs plants have been co-infiltrated
also with the p19 silencing inhibitor from AMCV (Ar-
tichocke Mottled Crinckle Virus), A comparison of the
expression levels obtained using the silencing inhibitor
pointed out a 10 fold increase in protein accumulation
at the fifth day p.i.

b) Purification and characterization of plant pro-
duced IgGH10: MAbH10 was purified using single
step protein-A affinity chromatography from Agro-
infiltrated plant tissue with yields of purified product in
the range of 40 mg per kilogram of fresh infiltratedN.
benthamiana leaves (Fig. 2A). Gel filtration analysis of
the purified plantibody was performed on a Superdex
S 200 column and revealed the presence of the fully
assembled IgG(H10) and minor degradation products
(data not shown).

The purified antibody was further analysed and char-
acterized by surface plasmon resonance (SPR); recom-
binant mouse tenascin-C was injected on a sensor chip
with purified plant IgG, revealing a KD of 14 nM
(Fig. 2B); moreover, mAbH10 was able to bind re-
combinant human tenascin-C immobilized on a sensor
chip.

Glycosilation status of the IgGH10 was anal-
ysed by LC-Mass Spectrometry revealing plant-typical
complex-type oligosaccharides with major amounts of
α(1,3)-fucose andβ(1,2)-xylose charbohydrate groups.
Additionally, peptide-mass finger-printing confirmed
the correctly processed N- and C- terminal peptide of
both heavy and light chains (Fig. 2C).

Moreover, immunohistochemical analysis on tumor
tissues (U87 glioblastoma xenograft) with plant puri-
fied immunoglobulin demonstrated a specific accumu-
lation of the recombinant antibody around tumor blood
vessels (Fig. 3).
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Fig. 2. A) Coomassie stained SDS-PAGE of the eluted fraction from protein-A affinity chromatography starting from 100 g of vacuum
agroinfiltrated leaves. B) LC-Mass Spectrometric analysis was used to studies glycosilation pattern. C) Surface resonance analysis. Sensorgram
of overlaid curves deriving from different concentation of mouse recombinant tenascin-C (ranging from 30 nM to 3µM) injected on a sensor
chip with 3000 RU of immobilized IgG(H10) purified from agroinfiltrated leaves.

c) Stable transformation of Nicotiana tabacum
plants: To compare production yields in stable trans-
formants, tobacco plants (cv. Petit Havana SR1
and cv. Maryland Mammoth) were engineered with
heavy chain, light chain and scFvH10 gene constructs
(Fig. 1B). Forty transgenic lines for each construct have
been characterized for protein expression.

We have identified best expressors for heavy and
light chain and performed cross-pollination to achieve
complete immunoglobulin expression for both culti-
vars. We analyzed tobacco plants (cv.Petit Havana
SR1) deriving from cross-pollinated seeds by quantita-
tive ELISA revealing the functional expression in 80 %
of examined plants (Fig. 4). Western blot analysis on
these plant extracts confirmed the correct expression of
both heavy and light chains. Cross-pollinated plants
from tobacco cv.Maryland Mammoth are still under
investigation.

Tobacco plants (cv.Petit avana SR1 and cv. Mary-
land Mammoth) were engineered with scFv K, S and
SK gene constructs described above. Protein accumu-
lation could be detected only for the scFv construct
bearing KDEL signal (K and SK), confirming what was
previously observed in the transient expression experi-
ments.

ScFv SK could be purified from transgenic plants
by single step affinity chromatogrphy using strep tag.
Purification yields of functional scFv was in the range
of 1µg/g of fresh leaves. Purified scFv was analyzed by
SPR being able to bind to recombinant human tenascin-
C immobilized on a sensor chip.

Conclusions: A tumor targeting antibody, in both
complete IgG and scFv fomat, is functionally ex-
pressed in plant. Moreover, the purification yields
(40 mg/kg) of the functionally assembled tumor-
specific mAb(H10),using a transient expression system
enhanced with the AMCV (Artichoke Mottled Crinkle
Virus) p19 silencing inhibitor, are exceptionally high
compared to previously reported results and a pilot-
scale purification of the IgG(H10) in GMP conditions
starting from kilograms of agroinfiltrated material are
currently being performed. Expression levels obtained
both by transient and stable plant transformation (using
different tobacco plant cultivars) of the full lenght an-
tibody and the recombinant scFv format will be evalu-
ated.

These results indicate that plants represent a viable
alternative to mammalian expression system for the
production of functional monoclonal antibodies.
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Fig. 3. Immunohistochemical analysis on U87 glioblastoma xenograft with plant purified IgG(H10) at different concentration (from 2µg/ml to
20µg/ml). On the left is reported the negative control, injecting PBS 1X.

���

���

���

���

���

���

� � � � 5 � � � 	 �� 

���

���

���

���

���

���

���

� � � � � � � � 	 �� �� +

A) B) OD 405 

Transgenic lines Transgenic lines 

Fig. 4. Quantitative ELISA of transgenic plant extracts at different dilutions on plates coated with mouse recombinant tenascin¤CC. Plant extracts
deriving from two different cross-pollination events between H and L expressing lines, A) 16 X 31 B) 35 X4.
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[14.45–15.00]
A new technology for intact antigen-based and
receptor-mediated generation of novel monoclonal
antibodies
Masahiro Tomitaa,∗, Masayuki Hiranoa, Etsuko
Watanabea, Yoshiki Kanekoa, Tian Yow Tsongb and
Takao Matsubac
aDivision of Chemistry for Materials, Graduate
School of Engineering, Mie University, Tsu, Mie
514-8507 Japan
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bInstitue of Physics, Academy of Sciences, Nankang,
Taipei, 11529 Taiwan
cResearch & Development, Scientific Instruments
Division, Tosoh Corporation, Ayase-Shi, Kanagawa
252-1123 Japan
*Corresponding author. E-mail: tomita@chem.mie-u.
ac.jp.

Specific monoclonal antibodies secreted by hybrido-
ma cells have been extensively used for identifying and
elucidating biologic phenomena, for therapeutic and
diagnostic purposes, and also for applications based
on specificity of monoclonal antibodies for antigens of
interest. Monoclonal antibodies unambiguously play
pivotal roles as ubiquitous proteins.

However, most monoclonal antibodies recognize pri-
mary structure of antigens. Until now, no practical tech-
nology has been reported to selectively generate stereo-
specific monoclonal antibodies against aimed antigen
molecules. One reason is that the addition of adju-
vant to intact antigen molecules to enhance antigenicity
could disrupt tertiary structure of the antigens. Even
though immunization were successfully carried out us-
ing native structure of antigens, there were no promis-
ing methods to select B lymphocytes specifically se-
creting monoclonal antibodies against conformation-
al epitopes. To address it, we focused on developing
a new technology for generating monoclonal antibod-
ies recognizing the native structure of aimed antigen
molecules. For this purpose, we employed an intact
antigen-based and receptor-mediated method. Human
thyroid-stimulating hormone receptor (TSHR) was se-
lected as an antigen. After mice were immunized by
maltose binding protein (MBP)-TSHR or plasmid DNA
harboring the hTSHR cDNA, sensitized B lymphocytes
were preselected by TSHR-expressed myeloma cells
based on surface immunoglobulin receptors on sensi-
tized B lymphocytes that have specific affinity to the
native structure of the TSHR. The B lymphocyte com-
bined with myeloma cell was then selectively fused us-
ing an electrical pulse. Hybridoma cells secreting nov-
el monoclonal antibodies specific to the native structure
of the TSHR were screened by TSHR-expressed CHO
cells and competition with TSH binding.

As a result, we could successfully obtain monoclonal
antibodies that can recognize the same binding site as
TSH. This advanced technology may provide general
application to selectively generating monoclonal anti-
bodies directed against the native structure of antigens,
and could contribute to clarifying innate functions of
the antigens. Furthermore, this new technology may

also be applicable for yielding stereo-specific human
monoclonal antibodies.

[15.00–15.20]
Generation of antibodies against native proteins by
genetic immunization targeting cell-surface
receptors, tumor biomarkers, viruses and bacterial
toxins with potential for diagnostic and therapeutic
applications
J.A. Thompson
GENOVAC GmbH, Waltershofener Str.17, 79111
Freiburg, Germany

We have generated antibodies by genetic immuniza-
tion against approximately 900 target proteins from
bacterial, viral, plant, animal and human origin. Our
focus is to express full-length proteins or protein do-
mains to allow native presentation to the immune sys-
tem of the immunized animal. I shall show examples of
monoclonal antibodies inhibiting the function two cell-
surface receptors, antibodies specific for tumor mark-
ers, viral proteins and neutralising antibodies against
Botulinum neurotoxins. As these antibodies recognise
native proteins and several show blocking or neutralisa-
tion activities, they have potential for diagnostic and/or
therapeutic applications.

[15.20–15.40]
Electrochemiluminescence immunogenicity assay
development and qualification
Larry Lo
Human Genome Sciences Inc., Rockville, Maryland,
USA

Biopharmaceutical products can induce immune re-
sponses leading to clinical consequences varying from
loss of efficacy to serious adverse events. Therapeu-
tic antibody is no exception even after with recent ad-
vanced human antibody technology. Therefore, it is im-
portant to develop both a testing scheme and immuno-
genicity assays able to provide accurate assessments of
antibody responses in clinical studies. In this presenta-
tion we will provide an example to develop and qualify
an Electrochemiluminescence (ECL) immunogenicity
assay for one of the products currently in development
at Human Genome Sciences.
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[15.40–16.00]
ABI8200 Cellular detection system integration into
the hybridoma generation process
Trevor Wattam
GlaxoSmithKline, Stevenage, UK

Monoclonal antibody sales in 2006 were $20.6 bil-
lion, and have the potential to grow to $30 Billion by
2010/2011. This makes the monoclonal antibody mar-
ket one of the fastest growing sectors in the pharma-
ceutical industry. In this highly competitive environ-
ment, reducing the product cycle time and improving
the lead quality is essential in the development of new
biotherapeutic drugs.

The ABI8200 Cellular Detection System is a well
established instrument for cell or bead based homoge-
nous immunoassays. The capability to do multiple
immunoassay formats in a simple mix, incubate and
read fashion makes it extremely versatile for primary
screening in monoclonal antibody generation.

For a typical monoclonal antibody project, hybrido-
ma samples are taken and entered into a multiple
ABI8200 immunoassay screening cascade to identify
the subset of samples with desirable binding and func-
tional properties. This can mean up to 8 immunoassays
per hybridoma sample is required to identify hybrido-
mas with the desired characteristics. For such screens,
manual preparation of the immunoassay plates would
require considerable time and be impossible to com-
plete within 1 working day. Subsequent manual anal-
ysis of the results data to collate all the immunoassay
information for each sample and identify positives is
complicated and error prone.

Our ABI8200 has been integrated with a Biomek FX
liquid handling robot via a LIMS system to simplify
preparation and analysis of complex screening exper-
iments. The Biomek FX performs all the liquid han-
dling steps to prepare the immunoassay plates. With-
in its software all transfers of screening reagents and
samples to immunoassay plates are recorded for sam-
ple tracking. This information and the list mode re-
sults from the ABI8200 are imported into the LIMS
environment and merged. The user can then see all
the immunoassay results associated with each individ-
ual hybridoma sample. Analysis of the results data is
simplified by conditionally testing each immunoassay
on the parameters of count, FL1 or FL1total. Only
samples that pass the conditions of each immunoassay
respectively are then marked as positive.

To facilitate the removal of false positives there is a

final stage of user confirmation. Using a small
ABI8200 image viewing program (developed in collab-
oration with ABI) all images associated with each posi-
tive hybridoma can be viewed simultaneously. The us-
er can then confirm or reject the positive status of each
sample based on the images displayed. A final output
of “confirmed positives” is imported into the LIMS en-
vironment for the user to progress in the monoclonal
antibody generation process.

This highlights the ABI8200 as a high through-
put instrument for multiple immunoassays in rapid
screens. By combining this capability with liquid han-
dling robotics we are able to run complex screens of
large numbers of samples to give specific results pro-
files from which to select monoclonal antibody leads.

[16.00–16.20]
DXL625 (CD20): Enhancing potency of CD20
targeted therapeutic antibodies with dynamic cross
linking
Jeff Morhet
InNexus Biotechnology Inc. BC, Canada and
Scottsdale, AZ, USA and J. Donald Capra (OMRF)

Potency is an important factor in determining the
therapeutic efficacy for biological agents, including an-
tibodies. Significant efforts have been made to aug-
ment the therapeutic potency of antibodies. A novel
strategy involves the integration of self-binding peptide
fragments (DXLTM peptides) into antibodies, which
results in the antibody clustering with the cell surface
target molecule. DXLTM peptides can either be direct-
ly integrated into a biological therapeutic as a fusion
protein or chemically attached (cross-linked) to anti-
bodies. We now show: (1) DXLTM-anti-CD20 anti-
bodies display substantially different binding kinetics
to target antigen compared to anti-CD20, (2) DXLTM-
anti-CD20 have a potency advantage over unconjugat-
ed antibodies at inducingin vitro apoptosis, cell growth
inhibition, complement dependent cytotoxicity (CDC)
and antibody-dependent cellular cytotoxicity (ADCC),
and (3) neither the DXLTM peptide alone nor DXLTM-
anti-CD20 demonstrates significant immunogenicity or
toxicity in mice. Thus, DXLTM cross-linking imparts
a significant increase inin vitro potency which is like-
ly due to enhanced target binding avidity and as such,
represents a platform for generating second-generation
therapeutic antibodies.


