Chapter 7
Alternative Scaffolds as Bispecific Antibody
Mimetics

John Lofblom and Fredrik Y. Frejd

7.1 Introduction

Alternative scaffold proteins are a class of antibody mimetics that share a number of
essential properties with antibodies (Gebauer and Skerra 2009; Nygren and Skerra
2004), the most important being the ability to recognize molecular structures with
high affinity and selectivity. In addition, alternative scaffolds often have improved
properties in terms of stability, efficient recombinant production features, reduced
size, few or no cysteines and an uncomplicated IP-situation. Due to their small size
and ease of recombinant manipulation, they are well suited for generation of
bispecific proteins. In fact, a number of alternative scaffolds are derived from
natural precursors that are formatted as repeated domains, suggesting ability for
function in a multimeric format, e.g., Affibody molecules (Lofblom et al. 2010;
Nord et al. 1997), Adnectins (Koide et al. 1998), DARPins (Binz et al. 2004;
Stumpp et al. 2008), and Avimers (Silverman et al. 2005).

7.2 Alternative Scaffolds as Antibody Mimetics

In combinatorial protein engineering, the term scaffold commonly defines a stable
protein framework, harboring flexible loops or solvent accessible residues, which
are randomized in order to construct a molecular library. Antibodies were the first,

J. Lofblom
Department of Molecular Biotechnology, School of Biotechnology, Royal Institute of Technology
(KTH), AlbaNova University Center, 106 91 Stockholm, Sweden

F.Y. Frejd ()
Affibody AB, Lindhagensgatan 133, 112 51 Stockholm, Sweden

Unit of Biomedical Radiations Sciences, Rudbeck Laboratory, Uppsala University, 751 85
Uppsala, Sweden
e-mail: fredrik.frejd@affibody.se

R.E. Kontermann (ed.), Bispecific Antibodies, 115
DOI 10.1007/978-3-642-20910-9_7, © Springer-Verlag Berlin Heidelberg 2011


mailto:fredrik.frejd@affibody.se

116 J. Lofblom and F.Y. Frejd

and are today still the most widely used, biomolecular scaffold for generation of
affinity reagents. However, specific molecular recognition is not a unique property
of immunoglobulins, and challenges associated with the antibody format have
inspired researchers to investigate the possibilities of engineering specific affinity
into other protein structures. In addition, in vitro display technologies (e.g., phage
display) used for recombinant antibody generation, are readily modified for isola-
tion of affinity proteins from non-Ig-based libraries, making isolation and identifi-
cation of alternative affinity proteins relatively easy.

Alternative scaffolds can be designed to overcome several of the limitations
associated with antibodies. The scaffold should preferably be small and composed
of a single polypeptide chain in a fold that has an intrinsic biochemical and biophysi-
cal stability independent on post-translational modifications such as glycosylations.
The small size and low complexity facilitates production using efficient prokaryotic
systems and even chemical synthesis for the smallest scaffolds. To enable use in
intracellular milieus and improve recombinant expression flexibility, the stability of
the fold should if possible not be dependent on disulfide bonds. In addition, absence
of natural cysteines allows for engineering of a cysteine into a suitable position
for directed chemical modifications. It is also important that the protein scaffold
demonstrates a high tolerance to randomizations in order to maintain high func-
tionality of the resulting combinatorial library.

Non-antibody scaffolds can be classified in several different ways, e.g., based
on origin, based on secondary structure composition, based on size, etc. One
commonly used classification system is based on the site of diversification. The
different types of scaffolds can be roughly divided into classes with a stable
framework with one or several randomized loops (the immunoglobulin fold belongs
to this class) and scaffolds in which randomizations are directed against surface-
exposed residues on secondary structure elements. The antibody fold, with diversified
loops displayed on a rigid framework, has been successfully employed for evolution
of molecular recognition both in nature and in vitro. Several different alternative
scaffolds are logically hence mimicking this molecular architecture. Diversifying
loops generally require less information about the overall structure and the structure
integrity and functionality might be less affected on average by the mutations.
In addition, randomizing loops might result in additional diversity through the
flexibility in the loops, i.e., one clone can adopt several structural forms and recognize
several distinct target molecules. This may impact the specificity, something that
has been demonstrated for antibodies where unmatured IgGs with relatively more
flexible loops generally are more unspecific (James et al. 2003; Mouquet et al. 2010).
In addition to scaffolds mimicking the antibody architecture, approaches in which
randomizations are focused directly on secondary structure elements have also been
described. Compared to flexible loops in antibodies and similar scaffolds, secondary
structure surfaces are typically much more constrained, which might lead to less
entropy losses upon binding and potentially a higher specificity.

A few examples of scaffolds from each group are listed in Table 7.1 and a more
detailed description of the scaffolds that have been reported as bispecific agents is
provided in the following section and in Table 7.2. Alternative scaffolds in general
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have been extensively reviewed elsewhere, where more comprehensive listings are
found (Gebauer and Skerra 2009; Nygren and Skerra 2004). Below, we will focus
on the relatively few cases described where alternative scaffolds have been used in
bispecific formats to enhance the property of the resulting molecule.

7.3 Bispecific Antibody Mimetics

The concept of bispecific antibodies was postulated already in the beginning of the
1980s (Milstein and Cuello 1983), but the multi-chain structure of antibodies
resulted in sample heterogeneity that hampered development of clinical products.
Even though elaborate strategies for constructing defined homogenous antibody-
based bispecific agents now exist, the task is still challenging.

Alternative scaffolds, however, are generally comprised of a short and single
peptide chain, and can therefore be readily adapted into bispecific and multispecific
formats. The possibility of facile construction of multispecific alternative scaffolds
might potentially become a differentiating factor compared to traditional antibodies
in the future. Applications of bispecific alternative scaffold proteins include
increased binding selectivity, enhanced receptor blocking capacity, provision of
one biomolecule that can block two different receptors and development toward
recruitment of effector functions. Another general application for bispecific affinity
molecules is to have one binding partner for prolonging serum half-life of the
molecule, while the other partner is having a biological activity.

7.3.1 Bispecific Antibody Mimetics with Enhanced
Biological Function

Biological function can be enhanced in many different ways. One example is to
increase the selectivity of a targeting moiety by the simultaneous targeting of two
receptors using fine-tuned affinities. The idea is that targeted cells, expressing both
receptors, will be recognized with higher functional affinity due to the avidity effect
compared to normal cells expressing only one of the receptors, hence improving
the selectivity. Another strategy is to block two receptors involved in the same
signaling pathway. Here, simultaneous binding is not a requirement, as long as both
receptors are blocked by either part of the bispecific molecule. The main advantage
is instead two functions in one molecule, facilitating preclinical development,
clinical practice, and potentially lowering treatment costs if blocking of two path-
ways is needed for full treatment effect. Yet another approach is to use bispecific
molecules to increase the functional affinity and ability to block one single receptor.
Here it is important to have molecules binding to epitopes adjacent to each other for
a favorable effect. Another example is bispecific molecules where one moiety is
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used to attract an effector function. Below, case studies using Adnectins, Affibody
molecules, Anticalins, and DARPins are highlighted.

7.3.1.1 Adnectins

An example of an immunoglobulin-like alternative scaffold is the tenth human
fibronectin type Il domain ('°Fn3, also called monobody or Adnectin) (Koide et al.
1998). 1%En3 isa monomeric, 94 residue protein, based on a stable -sandwich fold
with seven strands connected by six loops (Fig. 7.1a). Similar to antibodies and
antibody derivatives, Adnectins interact with the target molecule through the loops
on the tip of the molecule. However, in contrast to antibodies and most antibody
derivatives, '°Fn3 is not dependent on disulfide bonds for stable structure. Using
phage display (Koide et al. 1998), mRNA display (Xu et al. 2002), and yeast display
(Lipovsek et al. 2007), specific '°Fn3 molecules have been selected against a number
of different targets including, ubiquitin, TNF-alpha, lysozyme, and Abelson (Abl)
kinase SH2 domain. One of the most advanced Adnectins binds with high affinity and
specificity to VEGFR2. It is currently in phase II clinical trials in patients with solid
tumors or non-Hodgkin’s lymphoma (by former Adnexus, now part of Bristol-Myers

Fig. 7.1 Structures of alternative scaffolds that have been reported as bispecific constructs with
enhanced biological function. Scaffold proteins are visualized as orange cartoon representations
and respective target as gray surface representation. (a) Engineered '°Fn3 in complex with
human estrogen receptor alpha ligand-binding domain (PDB: 20CF). (b) Affibody molecule in
complex with HER2 extracelluar region (PDB: 3MZW). (¢) Anticalin in complex with extra-
cellular domain of human CTLA-4 (PDB: 3BX7). (d) DARPin in complex with aminoglycoside
phosphotransferase (PDB: 2BKK)
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Squibb). In addition to the commercial interest for this scaffold, the '9Fn3 domain
has been studied extensively in academia. An example is the work by Koide and
coworkers, in which '°Fn3 libraries have been constructed using a restricted
diversity, in extreme cases using only serine and tyrosine in randomized positions
(Koide et al. 2007), yielding high-affinity binders.

Recently, a bispecific Adnectin format targeting epidermal growth factor recep-
tor (EGFR) and insulin-like growth factor receptor 1 (IGFR) has been presented
(Emanuel et al. 2011). The rational is that both EGFR and IGFR play important
roles in tumorigenesis of several human cancers. Blocking of either receptor
reduces tumor growth in mouse models and human clinical studies. However,
blocking of one receptor can induce compensatory activation of the other to drive
tumor growth as seen in preclinical models. It would therefore be attractive to
develop one therapeutic molecule with the capacity to block both receptors. After
several rounds of selection and optimization using mRNA-display and a cell-based
receptor activation assay, Adnectins that could bind and block either the EGF- or
IGF1-receptor were isolated. Next, several different EGFR-binders were fused to
one IGFR-binder and all constructs were PEGylated, resulting in El-tandem
Adnectins. The best construct inhibited phosphorylation of either receptor equally
well as the reference blocking antibody. There was also a synergistic inhibition
on phosphorylation of AKT, which is a shared downstream signaling node. The
bispecific Adnectin was furthermore shown to induce degradation of both the EGF-
and IGF-receptor in cell cultures within 7 h after administration of the El-tandem
molecule. When tested in mice, the plasma half-life of the PEGylated El-tandem
was 19.5 h, suggesting suitable exposure of the drug in vivo. Indeed, plasma
levels of the receptor ligands IGF1 and TGFo increased due to blockade of their
receptors and the kinetics of the increase correlated with the pharmacokinetics
of El-tandem in plasma. When tested in EGFR-driven tumor-bearing mice, the
El-tandem Adnectin showed equal efficacy in tumor growth retardation as the
registered anti-EGFR drug cetuximab, and in addition decreased the tumor growth
rate of an IGFR-driven cetuximab-insensitive tumor. Although the molar ratios of
El-tandem were 10- to 20-fold higher compared to the antibody, this clearly shows
that alternative scaffolds potently can inhibit a receptor—ligand interaction and the
benefit of providing two receptor-blocking ligands in one molecule. It still remains
to be seen if the receptor blocking is simultaneous or if the bispecific molecule uses
either the EGFR blocking or the IGFR blocking capacity. Since the EGFR binding
part of the El-tandem does not compete with cetuximab or several other EGFR-
specific antibodies, this drug could in principle be administered as an add-on
therapy to existing a-EGFR-mab therapies.

7.3.1.2 Affibody Molecules

Affibody molecules are based on small engineered three-helical proteins (Fig. 7.1b)
(Lofblom et al. 2010). The basic scaffold was originally derived from the domain Z,
a stabilized version of the B-domain of staphylococcal protein A, but has been
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subjected to protein engineering to further improve its scaffold properties (Ahlgren
et al. 2010; Feldwisch et al. 2010). The small size of the proteins allows for
inexpensive production in prokaryotic hosts. However, due to the small size and
rapid folding kinetics, most Affibody molecules are also efficiently produced by
peptide synthesis, providing means for addition of non-biological groups in order to
modify and enhance functionality (Engfeldt et al. 2005; Nord et al. 2001).

Diversity is created by randomization of 13 solvent accessible residues [nine of
which also participate in the native interaction with Fc (Deisenhofer 1981)] in helix
one and two of the Z domain in order to build a combinatorial Affibody library
(Nord et al. 1995). In a pioneering article from 1997, Nygren and coworkers
describe the isolation of several specific Affibody molecules from such a library
displayed on phage (Nord et al. 1997). Additional Affibody molecules have later
been selected against various targets, such as EGFR (Friedman et al. 2007), HER2
(Wikman et al. 2004), amyloid beta (Gronwall et al. 2007), HIV gp-120 (Wikman
et al. 2006), and CD28 (Sandstrom et al. 2003) and detailed biophysical characteri-
zation of several isolated clones have demonstrated intact three-helical structure
and typically maintained stability and folding properties compared to the parental
Z domain (Dincbas-Rengvist et al. 2004; Dogan et al. 2006; Eigenbrot et al. 2010;
Hogbom et al. 2003; Lendel et al. 2004, 2006; Wahlberg et al. 2003).

A high-affinity (20 pM) Affibody molecule (Eigenbrot et al. 2010; Orlova et al.
2006) directed against HER2, has been investigated thoroughly in several preclini-
cal and pilot clinical studies and is an interesting candidate for development of
diagnostic and perhaps even therapeutic agents (Engfeldt et al. 2007; Orlova et al.
2007a, b; Steffen et al. 2006; Tolmachev et al. 2006, 2007a, b). In one therapy study
by Nilsson and coworkers (Tolmachev et al. 2007a, b), the HER2-specific Affibody
binder was fused to another small and robust protein, an albumin binding domain
(ABD), to increase the half-life and avoid uptake of the radiolabeled bispecific
construct in the kidneys. The kidney had indeed a 25-fold decreased uptake, and
in addition the total tumor uptake was increased by a factor 3. Another example
of bispecific Affibody molecules is the engineering of HER2-EGFR-binding
molecules to increase the selectivity in tumor targeting. Expression of both HER2
and EGFR has been reported in several studies of cancers of the bladder, colon, and
prostate, and in several cases the prognosis is worse for patients with cancer that
co-express the receptors, as opposed to tumors expressing either HER2 or EGFR
(Osaki et al. 1992; Tsutsui et al. 2003). Therefore, Stahl and colleagues set out
to create a bispecific molecule that would bind better, or preferably only, at
co-expression of the receptors on the cell surface. Such a binder could present
a new tool for increased tumor selectivity in diagnostic and therapeutic tumor
targeting. Binders for HER2 and EGFR were isolated and affinity maturated
(Friedman et al. 2008; Orlova et al. 2006). In a subsequent study, they were
dimerized and fused to each other via a (G4S); linker (Friedman et al. 2009). The
binding ability of the bispecific construct was tested against the parental binders.
Whereas the HER2-binding moiety showed no difference in binding, the C-terminal
EGFR-binding moiety had a lower association rate than the parental binders. The
dissociation rate was however comparable. In cell studies, fluorescently labeled
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bispecific construct was shown to bind to both HER2-expressing SKOV-3 cells and
to EGFR-expressing A431 cells. By using a device for real-time kinetics measure-
ment of binding to live cells, it could be demonstrated that the bispecific
HER2-EGFR-binder could mediate association of '*C-labeled A431 cells in solu-
tion to immobilized SKOV-3 cells, thereby suggesting ability to bind simulta-
neously with both moieties. Recently, a new set of bispecific constructs was
presented, where Affibody molecules with different affinities to EGFR or HER2
have been combined to further investigate the possibility for synergistic and
therefore more selective binding (Wallberg et al. 2010). In vitro, on a mixed
Biacore surface containing both receptors, the apparent Ky for the high-affinity
bispecific construct was at least 30-fold higher compared to binding to surfaces
containing only one of the two receptors. In real-time cell-binding experiments,
using a lower affinity variant of the HER2-binding moiety, binding to HER2 high,
EGEFR low expressing SKBR-3 cells was blocked by addition of either monovalent
HER2- or EGFR-binder. In addition, on A431 cells, the Kp of the bispecific
construct was increased 30-fold when the high-affinity HER2-binding variant
(Kp 22 pM) was used instead of the low affinity one (Kp 50 nM), likely reflecting
the very small but still present expression of HER2 molecules on the EGFR high
expressing A431 cells (Kong et al. 2008). Although the results are promising in the
in vitro setting, it still remains to be seen if an increased selectivity will indeed be
possible to achieve also in vivo in suitable animal models.

7.3.1.3 Anticalins

Anticalins are based on the protein architecture of natural lipocalins, demonstrating
a rigid B-barrel fold displaying four loops targeted for diversification (Schlehuber
and Skerra 2005; Skerra 2008) and specific binders have been isolated against
both small molecules and proteins (Schlehuber and Skerra 2005; Skerra 2008)
(Fig. 7.1c). Although structurally similar to antibodies in terms of displaying loops
stabilized by a beta-sheet structure, Anticalins are smaller (around 180 amino
acids), composed of only one polypeptide chain, are generally non-glycosylated
and can be efficiently expressed in prokaryotic production systems. Natural
lipocalins are generally secreted and often contain disulfide bridges. However,
there are natural lipocalins lacking disulfide bonds and even examples where the
disulfide bonds have been removed with retained functionality (Skerra 2008).
Generally, the four loops of the lipocalin fold form a relatively deep pocket
and specific Anticalins against small haptens and peptides have been successfully
selected. However, as for antibodies, the loops demonstrate a relatively high
flexibility, resulting in the ability to also interact with larger targets, such as
proteins. An example is an anti-VEGF Anticalin with picomolar affinity to both
the human and murine form of the growth factor. A pegylated variant (PRS-050) is
currently in clinical trials for inhibition of angiogenesis in solid tumors by neutrali-
zation of VEGF (http://www.pieris-ag.com). The high stability of the lipocalin fold
has motivated evaluation of Anticalins for local administration through alternative
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routes, such as pulmonary delivery. An Anticalin, specific for IL-4 receptor alpha (IL-
4Ra), is in preclinical development for severe asthma. IL-4Ra plays a central role in
chronic inflammation through interaction with both IL-4 and IL-13 in the lungs and
pulmonary delivery of the IL-4Ra-specific Anticalin offers an appealing alternative to
invasive routes with potentially improved patient compliance as well as directed local
administration to the inflamed tissue (http://www.pieris-ag.com). Another Anticalin
has been generated against mesenchymal-epithelial transition factor (cMET), a
tumor-associated growth factor receptor. An advantage of the Anticalin protein in
this setting, compared to many antibodies targeting this receptor is the monovalent
nature of Anticalins. Bivalent antibodies tend to crosslink the receptor, causing an
undesired agonistic response, which is avoided with the monovalent Anticalin.

In a relatively early publication, a bispecific Anticalin was described and
denoted “duocalin” (Schlehuber and Skerra 2001). Here, an anti-digoxin and an
anti-fluorescein Anticalin were fused by a peptidic linker and shown to be func-
tionally expressed in bacteria, although with a somewhat lower yield. The binders
were shown to retain the binding activity of each molecule in a sandwich ELISA
and in a fluorescence titration experiment, demonstrating that Anticalins in princi-
ple can be formatted for bispecific binding. This concept is currently exploited for
several therapeutic applications (www.pieris-ag.com). In particular, it appears
attractive for a bispecific pre-targeting approach using a recently described
Me*DTPA-binding Anticalin (Kim et al. 2009) together with tumor targeting
molecules, for example, by fusion to the cMet-binding Anticalin (Skerra personal
communication). Here, the affinity matured Anticalin binding DTPA with 400 pM
affinity could be targeted to cMet expressing tumors to yield high tumor uptake.
After the non-bound fusion protein is cleared from the blood-stream, a DTPA-
complexed radiometal such as %Y or ""Lu could be administered, and would be
trapped by the DTPA-binding Anticalin at the tumor site, thus resulting in high
tumor to non-tumor ratio of therapeutic activity.

7.3.1.4 DARPins

The DARPIn scaffold is based on a class of proteins called ankyrin repeat proteins
(Binz et al. 2004; Stumpp et al. 2008). Ankyrin repeat proteins are natural human
proteins with a modular architecture, composed of repeats of a 33-residue domain.
In protein engineering applications, the repeat approach has been kept and libraries
are based on a protein composed of several randomized domains, hence denoted
“designed ankyrin repeat proteins” (DARPins). Each domain is composed of a
beta turn and two anti-parallel alpha helices. Two or three such domains generally
constitute the binding surface with one capping domain on each side of the interacting
domains, thus ranging in size from around 14 to 21 kDa (Fig. 7.1d). Randomizations
are, as for Affibody molecules, to a large extent focused on secondary structure
elements. Due to poor display level of DARPins on phages, specific binders were
originally selected using ribosome display (Binz et al. 2004). However, in a recent
study (Steiner et al. 2006), a modified phage display system was developed, in which
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recombinant proteins were exported via the signal recognition particle (SRP)
translocation pathway instead of the typical Sec pathway, increasing the display
level of fast-folding proteins such as DARPins considerably. Specific DARPins
have been selected to numerous different targets and the engineered variants
typically display favorable properties, such as high stability, efficient production
in microbial hosts as well as high affinity. The most advanced DARPiIn is currently
in phase I clinical trials: An anti-Vascular Endothelial Growth Factor-A (VEGF-A)
DARPin (MPO1112) that is being developed as an anti-angiogenic compound for
treatment of wet age-related macular degeneration and diabetic macular edema
(www.molecularpartners.com).

An interesting bispecific application of DARPins was recently described by
Eggel et al. (2009), addressing a shortcoming of antibodies, which is the difficulty
to block a receptor without crosslinking it with another one, often activating the
resulting receptor pair. Several attempts using antibodies to block the interaction of
immunoglobulin E (IgE) with its high affinity receptor (FceRI) have been made.
Upon allergen-induced crosslinking of IgE, FceRI is aggregated on sensitized mast
cells or basophils, and proinflammatory mediators that induce allergy symptoms are
released. Antibodies binding to FceRI and blocking IgE-binding have been isolated,
but due to their bivalent nature, they cross-link the receptor and activate cell
degranulation, leading to anaphylactic symptoms. Thus, the antibody format is
not suitable for blocking IgE-mediated allergic symptoms. Instead, the DARPin
technology was explored for this purpose. Since two binding sites have been
mapped to the extracellular part of FceRI, it has been suggested that it is necessary
to block both IgE-binding sites to obtain an efficient antagonist. Hence, Eggel and
co-workers set out to explore if a bispecific combination of two DARPins binding to
different sites of the FceRI could constitute a potent inhibitor of allergic syndromes.
First, a set of binders was generated against recombinant FceRIo. After initial
ELISA screening, two DARPin binders, B-A4-85 (85) and C-A3-30 (30), were
selected and produced for further characterization. They were shown not to com-
pete for the same binding surface on the IgE-receptor, and were therefore subse-
quently tested for binding in monovalent, bivalent or bispecific formats, including
both N- or C-terminal position of the respective binder in the bispecific format.
The highest affinity was obtained for the bispecific construct with the DARPin 30 in
N-terminal position (30/85), suggesting that this orientation was favorable, in
contrast to DARPin 85 at the N-terminus (85/30), where the affinity was no better
than for either monomeric binder alone. In a competition study using surface
plasmon resonance, the bispecific constructs or a mixture of the bivalent (mono-
specific) molecules inhibited binding of IgE to its receptor much better than either
of the bivalent monospecific molecules, suggesting that blocking of both epitopes is
necessary for efficient inhibition of the receptor. In an HPLC aggregation analysis,
it was shown that bispecific binder 30/85 was the only one that did not induce
aggregation, suggesting that this binder could bind the two adjacent epitopes on the
same receptor domain simultaneously. Indeed, in a rat basophilic cell granulation
assay measuring inhibition of mediator release, the DARPin 30/85 showed best
effect, with an inhibitory effect similar to the registered IgE-blocking drug
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Omalizumab. Finally, it was confirmed that the 30/85 DARPin did not trigger cell
degranulation, in contrast to two receptor-binding antibodies or crosslinked IgE.
This study clearly shows that alternative scaffolds can provide a viable and some-
times superior bispecific alternative compared to antibodies.

7.3.1.5 Single-Domain Bispecific Protein Scaffolds

Most bispecific alternative scaffold molecules described to date are based on the use
of several fused domains, each adding a binding specificity to the resulting fusion
protein. A different approach is to engineer an additional binding specificity
directly into a binding molecule. One example is the bispecific ABD molecule
described below, taking advantage of the long half-life of ABD and adding onto
it new specificities.

Another approach has been described by Cochran and co-workers at Stanford
University, with their development of a bispecific agent antagonizing both the
VEGFR-2 and avp3 integrin (Cochran, personal communication). Interaction
between the VEGFR-2 and the ovp3 integrin has been reported to increase
VEGFR-2 phosphorylation and promote angiogenesis. In order to generate a
molecule that would be able to target both of these receptors, a mutated single-
chain format of VEGF (scVEGFmut), previously demonstrated to block
VEGFR-2 signaling, was engineered for binding to avf3 integrin. A library of
the mutated scVEGF protein was constructed by incorporating into one of the loops
a peptide library containing the natural integrin binding RGD motif, flanked by
randomized sequences. The library was displayed on yeast and integrin-binding
variants were isolated using FACS. Several selected binders demonstrated retained
affinity for VEGFR-2 as well as binding to avp3 integrin on cells, demonstrating a
bispecific molecule. Using SPR technology and a sequential injection of the
bispecific candidate followed by avpB3 integrin over VEGFR-2 immobilized on
the sensor chip surface, simultaneous binding to both receptors was verified. The
bispecific variants were also able to inhibit VEGF-mediated VEGFR phosphoryla-
tion, cell proliferation as well as adhesion on vibronectin-coated surfaces.

In a relatively early study, Hufton et al. showed the suitability of the CTLA-4
protein for use as protein scaffold for engineering of new specificities (Hufton et al.
2000). As in the work described above, the authors first used the RGD motif flanked
by a library of randomized amino acid residues to isolate the first binding specific-
ity. They inserted the library in a CDR3 like loop on the CTLA-4 molecule, and
then selected binders specific for the avB3 integrin. Using flow cytometry, it was
showed that phage particles carrying the selected clone RGD-7B could bind to
human umbilical vein endothelial cells. To investigate if the CTLA-4 protein
scaffold could be developed toward bispecific applications, a short peptidic
sequence was inserted in the loop formed by the A’B B-strands in the CTLA-4
framework opposite to the natural CDR-loops. Indeed, structural integrity was
retained, and the CTLA-4 molecule could still bind its natural ligands B7-1 and
B7-2, suggesting suitability for further development of bispecific ligands.
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7.3.2 Bispecific Antibody Mimetics with Enhanced Half-Life

The small size of most alternative scaffolds results in good tissue penetration and
rapid blood clearance, which in combination with strong and specific interaction
enables high-contrast imaging of tumors for e.g., cancer diagnostics (Nilsson and
Tolmachev 2007; Weissleder 2006) or therapeutic protocols where short exposure
is key. In most therapeutic applications however, the short in vivo half-life may
limit the therapeutic efficacy due to too low exposure, and if payloads are used, the
high kidney uptake may result in toxic side effects. While a number of biologicals
have been modified with PEG, or fused to a Fc-portion of Ig-molecules or to serum
albumin for increased half-life, alternative scaffolds proteins can in addition be
raised against proteins such as albumin or Fc to take advantage of the long
circulation half-life of those serum proteins (Bertschinger et al. 2007; Jonsson
et al. 2008; Tolmachev et al. 2007a, b). By fusing such a binder to another binder
having a therapeutic function, a biotherapeutic with extended plasma half-life is
created.

7.3.2.1 Avimers

The Avimer scaffold is based on a family of small protein domains called A-domains
(Silverman et al. 2005). A-domains are typically expressed as multimers with
a short linker region between each domain and are reported to be involved in
interactions with several different types of targets, such as haptens, proteins, and
viruses (Silverman et al. 2005). The A-domain is approximately 35 residues long
and is rapidly folded into a stable structure stabilized by disulfide bridges and
a calcium ion. In a study by Silverman and colleagues, the natural multimeric
architecture of A-domains was exploited using a sequential selection strategy. The
selection process was started using a randomized monomeric library from which
binders were isolated by phage display. In following steps, additional randomized
domains were fused to the first binder and the panning was repeated, thereby
constructing multimeric Avimers with potentially growing interaction surfaces.
Using this approach, a multidomain Avimer protein with subnanomolar affinity
was selected against interleukin-6 (IL-6). To render the IL-6 binding Avimer
a kinetic profile suitable for development into a pharmaceutical drug, the half-life
needed to be increased. Therefore, a monomeric Avimer with low affinity binding
for human IgG was developed. After fusion to the trimeric IL-6 binding Avimer, the
resulting heterotetrameric construct had a terminal phase of the profile of 89 + 15h
in cynomolgus monkeys and an expected human serum half-life of 178 £ 30 h,
based on allometric scaling. The IgG-binding domain was also fused to Avimers
binding to BAFF and to CD40L to enhance their half-life, showing that the
approach is general.
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7.3.2.2 Albumin-Binding Domain

Another approach to increase serum half-life is to use binding to serum albumin
to confer the long half-life of albumin to the associated fusion protein of interest. This
was recently used to increase the half-life of a radiolabeled HER2-binding Affibody
molecule for therapeutic use in a murine xenograft model (Tolmachev et al. 2007a, b).
It has also been used in conjunction with tandem scFvs, rendering a aCD3-0CEA-
ABD bispecific antibody fragments a long half-life (Hopp et al. 2010; Stork et al.
2009). Although the ABD scaffold used for albumin binding originally bound to
albumin, and as such is not a general alternative scaffold protein, it has been subject to
extensive engineering, with an improved affinity to mid femtomolar Kp (Jonsson
et al. 2008), as well as a complete removal of T-cell epitopes. As described below, it
has also been used as a single domain scaffold into which another target binding
property has been engineered while preserving the original specificity.

7.3.2.3 Bispecific Single-Domain ABD Molecules

As mentioned above, in vivo half-life extension by adding serum protein-binding
capacity holds promise to offer an efficient and viable approach for non-Ig-based
scaffolds to boost potency. A new strategy is to directly engineer the target-binding
specificity into a serum protein-binding domain, hence reducing the overall size
of the affinity protein even further. Hober and colleagues analyzed the albumin-
binding properties of a natural albumin-binding domain (ABD) in order to identify
positions suitable for such randomization (Alm et al. 2010). The ABD scaffold
is merely 46 amino acids long and the task of engineering two high-affinity
interactions, preferably onto two distinct surfaces on this domain, was indeed
challenging. In a first proof-of-principle study, a phage-displayed library of
randomized ABD molecules was constructed. Diversification was focused on
residues on the opposite side of the albumin-binding site in the three-helical bundle
in order to increase the probability of finding dual binding molecules. As a first step,
the molecule was engineered into a small bispecific affinity handle for protein
purification purposes. An engineered B-domain (the Z-domain) from staphylococ-
cal protein A was used as target in the selections and ABD molecules demonstrating
affinity for the Z-domain as well as having retained affinity for human serum
albumin were isolated. By fusing the new bispecific ABD handle to different target
proteins, excellent purification capacity could be demonstrated by affinity capture
on a serially coupled protein A-based matrix column followed by an albumin-
coupled column (Alm et al. 2010). The successful results inspired the group to
investigate the approach for potential serum half-life extension of affinity proteins
intended for therapy (JL, Sophia Hober personal communications). Using the
same library, binders were selected against human tumor necrosis factor-alpha
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(TNF-alpha). First-generation binders were isolated and identified, but although
several were bispecific, a relatively high affinity for TNF-alpha seemed to limit the
affinity for albumin and vice versa. To increase the affinity and to engineer binders
with high affinity for both targets, a new library was designed based on the
sequences from the first selection and the display format was changed from phage
display technology to a bacterial-based cell display system. Since cell display
enables the use of fluorescence-activated cell sorting (FACS), selections could be
performed against both targets simultaneously by labeling TNF-alpha and HSA
with different fluorophores followed by multiparameter sorting. The selection was
successful and bispecific binders with high-affinity against both targets were
isolated. Although challenging, the approach should be generally applicable, e.g.,
in selections against tumor-associated targets where a small overall size of the
affinity protein is beneficial.

7.4 Conclusion

In this book chapter, the use of non-immunoglobulin-based protein scaffolds for
engineering of bispecific recognition has been described. The use of alternative
protein scaffolds as therapeutic antibody mimetics with improved properties over
antibodies is now entering clinical validation. The promise of bispecific binding
has initially been explored using the bivalent antibody format, but is increasingly
expanded by adding new protein formats, both from immunoglobulin derivatives
and completely unrelated scaffolds. Different problems can be addressed using
bispecific alternative scaffolds, including half-life extension strategies, more effi-
cient blocking of a receptor, better specificity for tumor cell targeting or blocking of
two different receptors using only one biomolecule. A number of the alternative
scaffolds in development holds promise for bispecific applications based on their
ability to bind in the context of a multidomain format, the possibility to express
them recombinantly as a single-chain polypeptide and their small size, allowing for
multiepitope binding of surfaces too close to each other to be eligible for bispecific
antibodies to access. An extension of engineering a scaffold protein for certain
specificity and then to fuse it with another domain for e.g., half-life extension is to
move the engineering of new specificity directly into an existing natural ligand, thus
adding bispecificity to an already functional binding property. Alternative scaffolds
are clearly useful and holds promise to further increase engineering possibilities
to create new and optimized bispecific molecules. Many more examples of
bispecific alternative scaffolds will likely be available in a near future, exploiting
advantages scaffold proteins may hold over antibodies, and hopefully presenting
new candidates for biotherapeutic drugs.



130 J. Lofblom and F.Y. Frejd

References

Ahlgren S, Orlova A, Wallberg H, Hansson M, Sandstrom M, Lewsley R, Wennborg A,
Abrahmsén L, Tolmachev V, Feldwisch J (2010) Targeting of HER2-expressing tumors
using "n-ABY-025, a second-generation affibody molecule with a fundamentally
reengineered scaffold. J Nucl Med 51:1131-1138

Alm T, Yderland L, Nilvebrant J, Halldin A, Hober S (2010) A small bispecific protein selected for
orthogonal affinity purification. Biotechnol J 5:605-617

Bertschinger J, Grabulovski D, Neri D (2007) Selection of single domain binding proteins by
covalent DNA display. Protein Eng Des Sel 20:57-68

Binz HK, Amstutz P, Kohl A, Stumpp MT, Briand C, Forrer P, Grutter MG, Pluckthun A (2004)
High-affinity binders selected from designed ankyrin repeat protein libraries. Nat Biotechnol
22:575-582

Deisenhofer J (1981) Crystallographic refinement and atomic models of a human Fc fragment and
its complex with fragment B of protein A from Staphylococcus aureus at 2.9- and 2.8-A
resolution. Biochemistry 20:2361-2370

Dincbas-Rengvist V, Lendel C, Dogan J, Wahlberg E, Hard T (2004) Thermodynamics of folding,
stabilization, and binding in an engineered protein—protein complex. J Am Chem Soc
126:11220-11230

Dogan J, Lendel C, Hard T (2006) Thermodynamics of folding and binding in an affibody:affibody
complex. J Mol Biol 359:1305-1315

Ebersbach H, Fiedler E, Scheuermann T, Fiedler M, Stubbs MT, Reimann C, Proetzel G,
Rudolph R, Fiedler U (2007) Affilin-novel binding molecules based on human gamma-
B-crystallin, an all beta-sheet protein. J Mol Biol 372:172-185

Eggel A, Baumann MJ, Amstutz P, Stadler BM, Vogel M (2009) DARPins as bispecific receptor
antagonists analyzed for immunoglobulin E receptor blockage. J Mol Biol 393:598-607

Eigenbrot C, Ultsch M, Dubnovitsky A, Abrahmsén L, Hard T (2010) Structural basis for high-
affinity HER2 receptor binding by an engineered protein. Proc Natl Acad Sci USA 107:
15039-15044

Emanuel SL et al. (2011) A fibronectin scaffold approach to bispecific inhibitors of epidermal
growth factor receptor and insulin-like growth factor-I receptor. MAbs 3:38—48

Engfeldt T, Renberg B, Brumer H, Nygren PA, Karlstrom AE (2005) Chemical synthesis of triple-
labelled three-helix bundle binding proteins for specific fluorescent detection of unlabelled
protein. Chembiochem 6:1043-1050

Engfeldt T, Orlova A, Tran T, Bruskin A, Widstrom C, Karlstrom AE, Tolmachev V (2007)
Imaging of HER2-expressing tumours using a synthetic affibody molecule containing the
99MTc_chelating mercaptoacetyl-glycyl-glycyl-glycyl (MAG3) sequence. Eur J Nucl Med
Mol Imaging 34:722-733

Feldwisch J, Tolmachev V, Lendel C, Herne N, Sjoberg A, Larsson B, Rosik D, Lindqvist E, Fant
G, Hoidén-Guthenberg I et al (2010) Design of an optimized scaffold for affibody molecules.
J Mol Biol 398:232-247

Friedman M, Nordberg E, Hoidén-Guthenberg I, Brismar H, Adams GP, Nilsson FY, Carlsson J,
Stéhl S (2007) Phage display selection of affibody molecules with specific binding to the
extracellular domain of the epidermal growth factor receptor. Protein Eng Des Sel 20:189-199

Friedman M, Orlova A, Johansson E, Eriksson TL, Hoidén-Guthenberg I, Tolmachev V, Nilsson
FY, Stahl S (2008) Directed evolution to low nanomolar affinity of a tumor-targeting epidermal
growth factor receptor-binding affibody molecule. J] Mol Biol 376:1388-1402

Friedman M, Lindstrom S, Ekerljung L, Andersson-Svahn H, Carlsson J, Brismar H, Gedda L,
Frejd FY, Stahl S (2009) Engineering and characterization of a bispecific HER2 x EGFR-
binding affibody molecule. Biotechnol Appl Biochem 54:121-131

Gebauer M, Skerra A (2009) Engineered protein scaffolds as next-generation antibody therapeutics.
Curr Opin Chem Biol 13:245-255



7 Alternative Scaffolds as Bispecific Antibody Mimetics 131

Gronwall C, Jonsson A, Lindstrom S, Gunneriusson E, Stahl S, Herne N (2007) Selection and
characterization of affibody ligands binding to Alzheimer amyloid beta peptides. J Biotechnol
128:162-183

Hogbom M, Eklund M, Nygren PA, Nordlund P (2003) Structural basis for recognition by an
in vitro evolved affibody. Proc Natl Acad Sci USA 100:3191-3196

Hopp J, Hornig N, Zettlitz KA, Schwarz A, Fuss N, Muller D, Kontermann RE (2010) The effects
of affinity and valency of an albumin-binding domain (ABD) on the half-life of a single-chain
diabody-ABD fusion protein. Protein Eng Des Sel. 23:827-834

Hufton SE, van Neer N, van den Beuken T, Desmet J, Sablon E, Hoogenboom HR (2000)
Development and application of cytotoxic T lymphocyte-associated antigen 4 as a protein
scaffold for the generation of novel binding ligands. FEBS Lett 475:225-231

James LC, Roversi P, Tawfik DS (2003) Antibody multispecificity mediated by conformational
diversity. Science 299:1362-1367

Jonsson A, Dogan J, Herne N, Abrahmsén L, Nygren PA (2008) Engineering of a femtomolar
affinity binding protein to human serum albumin. Protein Eng Des Sel 21:515-527

Kim HJ, Eichinger A, Skerra A (2009) High-affinity recognition of lanthanide(Ill) chelate
complexes by a reprogrammed human lipocalin 2. J Am Chem Soc 131:3565-3576

Koide A, Bailey CW, Huang X, Koide S (1998) The fibronectin type III domain as a scaffold for
novel binding proteins. J Mol Biol 284:1141-1151

Koide A, Gilbreth RN, Esaki K, Tereshko V, Koide S (2007) High-affinity single-domain binding
proteins with a binary-code interface. Proc Natl Acad Sci USA 104:6632-6637

Kolmar H (2009) Biological diversity and therapeutic potential of natural and engineered cystine
knot miniproteins. Curr Opin Pharmacol 9:608-614

Kong A, Calleja V, Leboucher P, Harris A, Parker PJ, Larijani B (2008) HER2 oncogenic function
escapes EGFR tyrosine kinase inhibitors via activation of alternative HER receptors in breast
cancer cells. PLoS One 3. doi:10.1371/journal.pone.0002881

Lehmann A (2008) Ecallantide (DX-88), a plasma kallikrein inhibitor for the treatment of
hereditary angioedema and the prevention of blood loss in on-pump cardiothoracic surgery.
Expert Opin Biol Ther 8:1187-1199

Lendel C, Dincbas-Renqvist V, Flores A, Wahlberg E, Dogan J, Nygren PA, Hard T (2004)
Biophysical characterization of Z(SPA-1)-a phage-display selected binder to protein A.
Protein Sci 13:2078-2088

Lendel C, Dogan J, Hard T (2006) Structural basis for molecular recognition in an affibody:
affibody complex. J Mol Biol 359:1293-1304

Lipovsek D, Lippow SM, Hackel BJ, Gregson MW, Cheng P, Kapila A, Wittrup KD (2007)
Evolution of an interloop disulfide bond in high-affinity antibody mimics based on fibronectin
type III domain and selected by yeast surface display: molecular convergence with single-
domain camelid and shark antibodies. J] Mol Biol 368:1024—1041

Lofblom J, Feldwisch J, Tolmachev V, Carlsson J, Stahl S, Frejd FY (2010) Affibody molecules:
engineered proteins for therapeutic, diagnostic and biotechnological applications. FEBS Lett
584:2670-2680

Milstein C, Cuello AC (1983) Hybrid hybridomas and their use in immunohistochemistry. Nature
305:537-540

Mougquet H, Scheid JF, Zoller MJ, Krogsgaard M, Ott RG, Shukair S, Artyomov MN, Pietzsch J,
Connors M, Pereyra F et al (2010) Polyreactivity increases the apparent affinity of anti-HIV
antibodies by heteroligation. Nature 467:591-595

Nilsson FY, Tolmachev V (2007) Affibody molecules: new protein domains for molecular
imaging and targeted tumor therapy. Curr Opin Drug Discov Devel 10:167-175

Nord K, Nilsson J, Nilsson B, Uhlén M, Nygren PA (1995) A combinatorial library of an alpha-
helical bacterial receptor domain. Protein Eng 8:601-608

Nord K, Gunneriusson E, Ringdahl J, Stahl S, Uhlén M, Nygren PA (1997) Binding proteins
selected from combinatorial libraries of an alpha-helical bacterial receptor domain. Nat
Biotechnol 15:772-777



132 J. Lofblom and F.Y. Frejd

Nord K, Nord O, Uhlén M, Kelley B, Ljungqvist C, Nygren PA (2001) Recombinant human factor
VIlI-specific affinity ligands selected from phage-displayed combinatorial libraries of protein
A. Eur J Biochem 268:4269-4277

Nygren PA, Skerra A (2004) Binding proteins from alternative scaffolds. J Immunol Methods
290:3-28

Orlova A, Magnusson M, Eriksson TL, Nilsson M, Larsson B, Hoidén-Guthenberg I, Widstrom C,
Carlsson J, Tolmachev V, Stahl S et al (2006) Tumor imaging using a picomolar affinity HER2
binding affibody molecule. Cancer Res 66:4339—4348

Orlova A, Tran T, Widstrom C, Engfeldt T, Eriksson Karlstrom A, Tolmachev V (2007a)
Pre-clinical evaluation of ['''In]-benzyl-DOTA-Z(HER2:342), a potential agent for imaging
of HER2 expression in malignant tumors. Int J Mol Med 20:397—404

Orlova A, Tolmachev V, Pehrson R, Lindborg M, Tran T, Sandstrom M, Nilsson FY, Wennborg A,
Abrahmsen L, Feldwisch J (2007b) Synthetic affibody molecules: a novel class of affinity ligands
for molecular imaging of HER2-expressing malignant tumors. Cancer Res 67:2178-2186

Osaki A, Toi M, Yamada H, Kawami H, Kuroi K, Toge T (1992) Prognostic significance of
co-expression of c-erbB-2 oncoprotein and epidermal growth factor receptor in breast cancer
patients. Am J Surg 164:323-326

Sandstrom K, Xu Z, Forsberg G, Nygren PA (2003) Inhibition of the CD28-CD80 co-stimulation
signal by a CD28-binding affibody ligand developed by combinatorial protein engineering.
Protein Eng 16:691-697

Schlehuber S, Skerra A (2001) Duocalins: engineered ligand-binding proteins with dual specificity
derived from the lipocalin fold. Biol Chem 382:1335-1342

Schlehuber S, Skerra A (2005) Lipocalins in drug discovery: from natural ligand-binding proteins
to “anticalins”. Drug Discov Today 10:23-33

Silverman J, Liu Q, Bakker A, To W, Duguay A, Alba BM, Smith R, Rivas A, Li P, Le H et al
(2005) Multivalent avimer proteins evolved by exon shuffling of a family of human receptor
domains. Nat Biotechnol 23:1556-1561

Skerra A (2008) Alternative binding proteins: anticalins — harnessing the structural plasticity of the
lipocalin ligand pocket to engineer novel binding activities. FEBS J 275:2677-2683

Steffen AC, Orlova A, Wikman M, Nilsson FY, Stahl S, Adams GP, Tolmachev V, Carlsson J
(2006) Affibody-mediated tumour targeting of HER-2 expressing xenografts in mice. Eur
J Nucl Med Mol Imaging 33:631-638

Steiner D, Forrer P, Stumpp MT, Pliickthun A (2006) Signal sequences directing cotranslational
translocation expand the range of proteins amenable to phage display. Nat Biotechnol 24:823-831

Stork R, Campigna E, Robert B, Muller D, Kontermann RE (2009) Biodistribution of a bispecific
single-chain diabody and its half-life extended derivatives. J Biol Chem 284:25612-25619

Stumpp MT, Binz HK, Amstutz P (2008) DARPins: a new generation of protein therapeutics. Drug
Discov Today 13:695-701

Tolmachev V, Nilsson FY, Widstrom C, Andersson K, Rosik D, Gedda L, Wennborg A, Orlova A
(2006) “lIn—benzyl-DTPA-ZHER2:342, an affibody-based conjugate for in vivo imaging of
HER?2 expression in malignant tumors. J Nucl Med 47:846-853

Tolmachev V, Orlova A, Nilsson FY, Feldwisch J, Wennborg A, Abrahmsén L (2007a) Affibody
molecules: potential for in vivo imaging of molecular targets for cancer therapy. Expert Opin
Biol Ther 7:555-568

Tolmachev V, Orlova A, Pehrson R, Galli J, Baastrup B, Andersson K, Sandstrom M, Rosik D,
Carlsson J, Lundqvist H et al (2007b) Radionuclide therapy of HER2-positive microxenografts
using a '""Lu-labeled HER?2-specific affibody molecule. Cancer Res 67:2773-2782

Tsutsui S, Ohno S, Murakami S, Kataoka A, Kinoshita J, Hachitanda Y (2003) Prognostic value of
the combination of epidermal growth factor receptor and c-erbB-2 in breast cancer. Surgery
133:219-221

Wahlberg E, Lendel C, Helgstrand M, Allard P, Dincbas-Renqvist V, Hedqvist A, Berglund H,
Nygren PA, Hird T (2003) An affibody in complex with a target protein: structure and coupled
folding. Proc Natl Acad Sci USA 100:3185-3190



7 Alternative Scaffolds as Bispecific Antibody Mimetics 133

Wallberg H et al. (2010) Bi-specific affibody molecules for targeting of EGFR and HER2. Sixth
annual protein engineering summit PEGS, May 17-21, Boston. Poster Abstract 78

Weissleder R (2006) Molecular imaging in cancer. Science 312:1168-1171

Wikman M, Steffen AC, Gunneriusson E, Tolmachev V, Adams GP, Carlsson J, Stahl S (2004)
Selection and characterization of HER2/neu-binding affibody ligands. Protein Eng Des Sel
17:455-462

Wikman M, Rowcliffe E, Friedman M, Henning P, Lindholm L, Olofsson S, Stahl S (2006)
Selection and characterization of an HIV-1 gp120-binding affibody ligand. Biotechnol Appl
Biochem 45:93-105

Xu L, Aha P, Gu K, Kuimelis RG, Kurz M, Lam T, Lim AC, Liu H, Lohse PA, Sun L et al (2002)
Directed evolution of high-affinity antibody mimics using mRNA display. Chem Biol
9:933-942



	Chapter 7: Alternative Scaffolds as Bispecific Antibody Mimetics
	7.1 Introduction
	7.2 Alternative Scaffolds as Antibody Mimetics
	7.3 Bispecific Antibody Mimetics
	7.3.1 Bispecific Antibody Mimetics with Enhanced Biological Function
	7.3.1.1 Adnectins
	7.3.1.2 Affibody Molecules
	7.3.1.3 Anticalins
	7.3.1.4 DARPins
	7.3.1.5 Single-Domain Bispecific Protein Scaffolds

	7.3.2 Bispecific Antibody Mimetics with Enhanced Half-Life
	7.3.2.1 Avimers
	7.3.2.2 Albumin-Binding Domain
	7.3.2.3 Bispecific Single-Domain ABD Molecules


	7.4 Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


