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(57) Abstract: Disclosed are novel polyclonal antibodies, which target respiratory syncyticilal virus (RSV), and novel high affinity 
Antibody molecules reactive with RSV The polyclonal antibodies may comprise antibody molecules which are reactive with both 

'1RSV protein F and RSV protein G, and preferably the polyclonal antibodies target a variety of epitopes on these proteins. The single 
Antibody molecules of the invention are shown to exhibit affinities which provide for dissocation constants as low as in the picomolar 
Strange. Also disclosed are methods of producing the antibodies of the invention as well as methods of their use in treatment for RSV 

infection.
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RECOMBINANT POLYCLONAL ANTIBODY FOR TREATMENT OF RESPIRATORY 
SYNCYTIAL VIRUS INFECTIONS 

FIELD OF THE INVENTION 

The present invention relates to a recombinant polyclonal antibody for prevention, treatment 
5 or amelioration of one or more symptoms associated with respiratory syncytial virus 

infections. The invention also relates to polyclonal expression cell lines producing anti-RSV 
recombinant polyclonal antibody (anti-RSV rpAb). Further, the application describes 
diagnostic and pharmacological compositions comprising anti-RSV rpAb and use in 
prevention, treatment or amelioration of one or more symptoms associated with a RSV 

10 infection.  

BACKGROUND OF THE INVENTION 

Respiratory syncytial virus (RSV) is a major cause for lower respiratory tract disease in 
infants and small children. Premature infants and children with an underlying health problem 
such as chronic lung disease or congenital heart disease are at the greatest risk for serious 

15 illness such as bronchiolitis and pneumonia following RSV infection. Recently, RSV was also 
recognized as an important pathogen in certain high-risk adults, such as 
immunocompromised adults, particularly bone marrow transplant recipients, elderly 
individuals and individuals with chronic pulmonary disease.  

Human RSV is a member of the Pneumovirus subfamily of the family Paramyxoviridae, and 
20 exists as an A and B subtype. RSV is an enveloped, non-segmented, negative-sense RNA 

virus. The viral genome codes for at least 11 proteins of which three are the envelope 
associated proteins, F (fusion glycoprotein), G (receptor-binding glycoprotein), and SH (small 
hydrophobic protein). The envelope proteins are present on the viral surface, and to some 
extent also on the surface of infected cells. The F protein promotes fusion of the viral and cell 

25 membranes, thereby allowing penetration of the viral RNA into the cell cytoplasm. The F 
protein consists of two disulfide-linked subunits, F1 and F2, produced by proteolytical cleavage 
of an inactive, N-glycosylated precursor of 574 amino acids. The G protein is a type II trans
membrane glycoprotein of 289-299 amino acids (depending on the virus strain). The 
precursor form is 32 kDa, which matures to a protein of 80-90 kDa upon addition of both N

30 and O-linked oligosaccharides. The RSV G protein is responsible for the attachment of virions 
to the target cells. In addition to the membrane-bound form of the G protein, a truncated, 
soluble form is also produced. It has been suggested that the function of this is to redirect 
the immune response away from the virus and infected cells. Further it has been shown that 
the G protein is associated with a number of pro-inflammatory effects such as modification of
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chemokine and cytokine expression as well as leukocyte recruitment. The SH protein is a 
protein of 64-65 amino acids that is present in very low amounts on the surface of purified 
RSV particles, but is abundantly expressed on the surface of RSV-infected cells. The function 
of the SH protein has not been defined, but it is possible that it may aid virus protein 

5 transport through the Golgi complex (Rixon et al 2004, J. Gen. Virol. 85:1153-1165).  
Blocking the function of the G and F proteins is believed to be relevant in prevention of RSV 
infection.  

The prevention and treatment of RSV infection has received considerable attention during the 
last decades, and include vaccine development, antiviral compounds (Ribavirin approved for 

10 treatment), antisense drugs, RNA interference (RNAi) technology and antibody products such 
as immunoglobulin and monoclonal antibodies (all reviewed in Maggon and Barik, 2004, Rev.  
med. Virol. 14:149-168). Of these approaches, the intravenous immunoglobulin, RSV-IVIG, 
and the monoclonal antibody, Palivizumab, have been approved for RSV prophylaxis in high
risk children.  

15 Immunoglobulin products such as RSV-IVIG (RespiGam) are, however, known to have 
several drawbacks such as low specific activity resulting in need for injection of large 
volumes, which is difficult in children with limited venous access due to prior intensive 
therapy. Further, there is also the risk of transmission of viral diseases from serum-derived 
immunoglobulin products, as well as problems with batch-to-batch variations. Finally, it is 

20 difficult to obtain sufficient donors to meet the needs for hyperimmune RSV immunoglobulin 
production, since only approximately 8% of normal donors have RSV neutralizing antibody 
titers that are high enough.  

Monoclonal antibodies against the F protein or the G protein have been shown to have 
neutralizing effect in vitro and prophylactic effects in vivo (e.g. Beeler and Coelingh 1989.  

25 J.Virol. 63:2941-50; Garcia-Barreno et al. 1989. J.Virol. 63:925-32; Taylor et al. 1984.  
Immunology 52: 137-142; Walsh et al. 1984, Infection and Immunity 43:756-758; US 
5,842,307 and US 6,818,216). Today the monoclonal antibody Palivizumab has almost 
substituted the use of RSV-IVIG completely. Neutralization assays show that Palivizumab and 
RSV-IVIG perform equally well against RSV subtype B, whereas Palivizumab perform better 

30 against subtype A (Johnson et al. 1997. J.Infect.Dis. 176:1215-24.). However, despite the 
good neutralizing and prophylactic effects of monoclonal antibodies as illustrated by products 
like Palivizumab and Numax, these may also be associated with certain drawbacks due to the 
nature of the RSV virus.  

RSV exists in two distinct antigenic groups or subtypes, A and B. Most of the RSV proteins 
35 are highly conserved between the two subgroups, with the F protein showing 91% amino acid 

similarity. However, the G protein displays extensive sequence variability, with only 53% 
amino acid similarity between the A and B subgroups (Sullender 2000. Clin.Microbiol.Rev.
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13:1-15). Most of the proteins also show some limited intra subgroup variation, except for 

the G protein, which differs by up to 20% within subgroup A and 9% within subgroup B on 

amino acid level. The A and B virus subtypes co-circulate in most RSV epidemics, with the 

relative frequency varying between different years. Thus, a monoclonal antibody must be 

5 carefully selected such that it is capable of neutralizing both subtypes as well as intra subtype 

variations.  

In addition to the issue of the two RSV subtypes and intra-subtype diversity, human RSV, like 

most RNA viruses, has the capacity of undergoing rapid mutations under selective pressure.  

The selection of RSV escape mutants in vitro using mAb is well documented (e.g. Garcia

10 Barreno et al. 1989. J.Virol. 63:925-32). Importantly, it was recently discovered that 

Palivizumab also selects for escape mutants, in vitro as well as in vivo, and that some of the 

isolated mutants are completely resistant to Palivizumab prophylaxis in cotton rats (Zhao and 

Sullender 2005. J.Virol. 79:3962-8 and Zhao et al. 2004. J.Infect.Dis. 190:1941-6.). Further, 

wild type RSV strains that are intrinsically resistant to Palivizumab may also exist, as 

15 demonstrated by the failure of the murine antibody, which Palivizumab originates from, to 

neutralize one clinical isolate (Beeler and Coelingh 1989. J.Virol. 63:2941-50). Furthermore, 

one apparently resistant virus has also been identified following Palivizumab prophylaxis in 

immunocompetent cotton rats (Johnson et al. 1997. J.Infect.Dis. 176:1215-24). Thus, under 

certain conditions, the use of a single, monospecific antibody may not be adequate or 

20 sufficient for the treatment of RSV disease, since escape mutants exist or may develop over 

time as a result of treatment.  

A further consideration in relation to the utility of the RSV-IVIG and Palivizumab is the dose 

needed for efficient treatment. Serum concentrations of greater than 30 pg/ml have been 

shown to be necessary to reduce pulmonary RSV replication by 100 fold in the cotton rat 

25 model of RSV infection. For RSV-IVIG a monthly dose of 750 mg total protein/kg 

administrated intravenously was effective in reducing the incidence of RSV hospitalization in 

high-risk children, whereas for Palivizumab monthly intramuscular doses of 15 mg/kg proved 

effective. However, the administration of multiple intravenous or intramuscular large doses is 

inconvenient for the patient, and impedes the broad use of these products for the prophylaxis 

30 and treatment of the large group of adults at risk for RSV infection.  

Thus, a need exists for an antibody product which is not dependent on the donor availability, 

and which binds immunospecifically to one or more RSV antigens covering subtypes A and B 

as well as any escape mutants arising due to virus mutations, is highly potent, have an 

improved pharmacokinetic profile, and thus have an overall improved therapeutic profile, and 

35 therefore requires less frequent administration and/or administration of a lower dose.
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DISCLOSURE OF CONTRIBUTION 

It is therefore the objective of the present invention to provide a highly potent alternative 
anti-RSV immunoglobulin product which is produced recombinantly and shows reactivity to 
subtypes A and B of the respiratory syncytial virus as well as to multiple epitopes on at least 

5 one of the major surface antigens to limit the possibility of escape mutations.  

The invention also has as an objective to provide novel human anti -RSV antibody molecules 
as well as derivatives thereof, where the antibody molecules or derivatives exhibit improved 
characteristics over existing monoclonal anti-RSV antibodies and antibody derivatives.  

DESCRIPTION OF THE INVENTION 

10 The use of a polyclonal antibody composition targeting multiple epitopes on RSV is expected 
to minimize the development of escape mutants and can also provide protection against 
diverse, naturally circulating viruses. In contrast to serum-derived RSV-IVIG, a polyclonal 
antibody of the present invention does not contain antibody molecules, which bind to non
RSV antigens.  

15 The present invention provides a polyclonal anti-RSV antibody. Preferably, the polyclonal 
anti-RSV antibody is obtained from cells which do not naturally produce antibodies. Such an 
antibody is termed a recombinant polyclonal antibody (rpAb). An anti-RSV rpAb of the 
present invention is directed against multiple epitopes on the F or G protein. In particular an 
anti-RSV rpAb which is directed against multiple epitopes on both the G and F proteins is 

20 preferred. Preferably, G protein epitopes belonging to the conserved group and potentially 
also the subtype-specific group and the strain-specific group are covered by the anti-RSV 
rpAb. Further, antibodies with reactivity against the third envelope protein, small hydrophobic 
(SH) protein is a desired component of an anti-RSV rpAb of the present invention.  

Further, the present invention provides pharmaceutical compositions where the active 
25 ingredient is an anti-RSV polyclonal antibody, as well as uses of such compositions for the 

prevention, amelioration or treatment of RSV infections.  

The present invention further provides procedures for mirroring the humoral immune 
response raised upon infection with RSV, by isolating the original VH and VL gene pairs from 
such challenged individuals, and producing antibodies maintaining this original paring.  

30 Definitions 

The term "antibody" describes a functional component of serum and is often referred to 
either as a collection of molecules (antibodies or immunoglobulin) or as one molecule (the 
antibody molecule or immunoglobulin molecule). An antibody molecule is capable of binding 
to or reacting with a specific antigenic determinant (the antigen or the antigenic epitope),
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which in turn may lead to induction of immunological effector mechanisms. An individual 
antibody molecule is usually regarded as monospecific, and a composition of antibody 
molecules may be monoclonal (i.e., consisting of identical antibody molecules) or polyclonal 
(i.e., consisting of different antibody molecules reacting with the same or different epitopes 

5 on the same antigen or on distinct, different antigens). Each antibody molecule has a unique 
structure that enables it to bind specifically to its corresponding antigen, and all natural 
antibody molecules have the same overall basic structure of two identical light chains and 
two identical heavy chains. Antibodies are also known collectively as immunoglobulin. The 
terms antibody or antibodies as used herein is used in the broadest sense and covers intact 

10 antibodies, chimeric, humanized, fully human and single chain antibodies, as well as binding 
fragments of antibodies, such as Fab, Fv fragments or scFv fragments, as well as multimeric 
forms such as dimeric IgA molecules or pentavalent IgM. In some instances, the present 
application uses the term "synthetic or semi-synthetic antibody analogue", which specifically 
refers to non-naturally occurring molecules which exhibit antibody characteristics (by 

15 exhibiting specific binding to RSV antigens) and includes CDRs from naturally occurring 
antibodies - such analogues are e.g. represtented by scFv fragments, diabodies etc, but 
could e.g. also be seemingly naturally occurring antibodies which are engineered to include 
the CDRs (e.g. by grafing techniques known in the art) from an anti-RSV antibody molecule 
disclosed herein - for instance, such an antibody analogue could comprise CDRs disclosed 

20 herein incorporated into an antibody molecule of another animal species or into a different 
antibody isotype or class from the same species.  

The term "anti-RSV recombinant polyclonal antibody" or "anti-RSV rpAb" describes a 
composition of recombinantly produced diverse antibody molecules, where the individual 
members are capable of binding to at least one epitope on a respiratory syncytial virus, and 

25 where the polyclonal composition as a whole is capable of neutralizing RSV. Preferably, an 
anti-RSV rpAb composition neutralizes both RSV subtype A and B. Even more preferred the 
anti-RSV rpAb further comprise binding reactivity towards the G and F protein. Preferably, 
the composition is produced from a single polyclonal manufacturing cell line.  

The term "cognate VH and VL coding pair" describes an original pair of VH and VL coding 
30 sequences contained within or derived from the same cell. Thus, a cognate VH and VL pair 

represents the VH and VL pairing originally present in the donor from which such a cell is 
derived. The term "an antibody expressed from a VH and VL coding pair" indicates that an 
antibody or an antibody fragment is produced from a vector, plasmid or similar containing 
the VH and VL coding sequence. When a cognate VH and VL coding pair is expressed, either as 

35 a complete antibody or as a stable fragment thereof, they preserve the binding affinity and 
specificity of the antibody originally expressed from the cell they are derived from. A library 
of cognate pairs is also termed a repertoire or collection of cognate pairs, and may be kept 
individually or pooled.



WO 2007/101441 PCT/DK2007/000113 

6 

The terms "a distinct member of a recombinant polyclonal antibody" denotes an individual 

antibody molecule of the recombinant polyclonal antibody composition, comprising one or 

more stretches within the variable regions, which are characterized by differences in the 

amino acid sequence compared to the other individual members of the polyclonal protein.  

5 These stretches are in particular located in the CDR1, CDR2 and CDR 3 regions.  

The term "epitope" is commonly used to describe a proportion of a larger molecule or a part 

of a larger molecule (e.g. antigen or antigenic site) having antigenic or immunogenic activity 

in an animal, preferably a mammal, and most preferably in a human. An epitope having 

immunogenic activity is a portion of a larger molecule that elicits an antibody response in an 

10 animal. An epitope having antigenic activity is a portion of a larger molecule to which an 

antibody immunospecifically binds as determined by any method well known in the art, for 

example, by the immunoassays described herein. Antigenic epitopes need not necessarily be 

immunogenic. An antigen is a substance to which an antibody or antibody fragment 

immunospecifically binds, e.g. toxin, virus, bacteria, proteins or DNA. An antigen or antigenic 

15 site often has more than one epitope, unless they are very small, and is often capable of 

stimulating an immune response. Antibodies binding to different epitopes on the same 

antigen can have varying effects on the activity of the antigen they bind depending on the 

location of the epitope. An antibody binding to an epitope in an active site of the antigen may 

block the function of the antigen completely, whereas another antibody binding at a different 

20 epitope may have no or little effect on the activity of the antigen alone. Such antibodies may 

however still activate complement and thereby result in the elimination of the antigen, and 

may result in synergistic effects when combined with one or more antibodies binding at 

different epitopes on the same antigen. In the present invention the larger molecule which 

the epitope is a proportion of is preferably a proportion of an RSV polypeptide. Antigens of 

25 the present invention are preferably RSV associated proteins, polypeptides or fragments 

thereof to which an antibody or antibody fragment immunospecifically binds. A RSV 

associated antigen may also be an analog or derivative of a RSV polypeptide or fragment 

thereof to which an antibody or antibody fragment immunospecifically binds.  

The term "fully human" used for example in relation to DNA, RNA or protein sequences 

30 describes sequences which are between 98 to 100% human.  

The term "immunoglobulin" commonly is used as a collective designation of the mixture of 

antibodies found in blood or serum, but may also be used to designate a mixture of 

antibodies derived from other sources.  

The term "mirrors the humoral immune response" when used in relation to a polyclonal 

35 antibody refers to an antibody composition where the nucleic acid sequences encoding the 

individual antibody members are derived from a donor with an increased frequency of plasma 

cells producing anti-RSV specific antibodies. Such a donor may either be recovering from a
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RSV infection, has had close contact with an RSV infected individual, or has been subject to 
RSV vaccination (for examples of RSV vaccines see for example Maggon and Barik, 2004, 
Rev. med. Virol. 14:149-168). In order to mirror the affinity and specificity of antibodies 
raised in a donor upon infection or challenge, the sequences encoding the variable heavy 

5 chain (VH) and the variable light chain (VL) should be maintained in the gene pairs or 
combinations originally present in the donor (cognate pairs) when they are isolated. In order 
to mirror the diversity of a humoral immune response in a donor all the sequences encoding 
antibodies which bind to RSV are selected based on a screening procedure. The isolated 
sequences are analyzed with respect to diversity of the variable regions, in particular the CDR 

10 regions, but also with respect to the VH and VL family. Based on these analyses a population 
of cognate pairs representing the overall diversity of the RSV binding antibodies are selected.  
Such a polyclonal antibody typically have at least 5, 10, 20, 30, 40, 50, 100, 1000 or 104 
distinct members.  

A composition is said to be "pharmacologically acceptable" if its administration can be 
15 tolerated by a recipient patient - the same of course applies to excipients, vehicles carriers 

and diluents being part of a composition.  

The term "polyclonal antibody" describes a composition of different (diverse) antibody 
molecules which is capable of binding to or reacting with several different specific antigenic 
determinants/epitopes on the same or on different antigens, where each individual antibody 

20 in the composition is capable of reacting with a particular epitope. Usually, the variability of a 
polyclonal antibody is located in the so-called variable regions of the polyclonal antibody, in 
particular in the CDR1, CDR2 and CDR3 regions. In the present invention a polyclonal 
antibody may either be produced in one pot from a polyclonal cell line, or it may be a mixture 
of different polyclonal antibodies. A mixture of monoclonal antibodies is not as such 

25 considered a polyclonal antibody, since they are produced in individual batches and not 
necessarily from the same cell line which will result in e.g. post translational modification 
differences. However, if a mixture of monoclonal antibodies provide the same antigen/epitope 
coverage as a polyclonal antibody of the present invention it will be considered as an 
equivalent of the polyclonal antibody. When stating that a member of a polyclonal antibody 

30 specifically binds to or has specific reactivity against an antigen/antigenic site/epitope, it is 
herein meant that the binding constant is below 100 nM, preferably below 10 nM, even more 
preferred below 1 nM.  

The term "recombinant antibody" is used to describe an antibody molecule or several 
molecules that is/are expressed from a cell or cell line transfected with an expression vector 

35 comprising the coding sequence of the antibody which is not naturally associated with the 
cell. If the antibody molecules in a recombinant antibody composition are diverse or different, 
the term "recombinant polyclonal antibody" or "rpAb" applies in accordance with the 
definition of a polyclonal antibody.
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The term "recombinant polyclonal cell line" or "polyclonal cell line" refers to a 
mixture/population of protein expressing cells that are transfected with a repertoire of variant 
nucleic acid sequences (e.g. a repertoire of antibody encoding nucleic acid sequences), which 
are not naturally associated with the transfected cells. Preferably, the transfection is 

5 performed such that the individual cells, which together constitute the recombinant polyclonal 
cell line, each carry a transcriptionally active copy of a single distinct nucleic acid sequence of 
interest, which encodes one member of the recombinant polyclonal antibody of interest. Even 
more preferred, only a single copy of the distinct nucleic acid sequence is integrated at a 
specific site in the genome. The cells constituting the recombinant polyclonal cell line are 

10 selected for their ability to retain the integrated copy (copies) of the distinct nucleic acid 
sequence of interest, for example by antibiotic selection. Cells which can constitute such a 
polyclonal cell line can be for example bacteria, fungi, eukaryotic cells, such as yeast, insect 
cells, plant cells or mammalian cells, especially immortal mammalian cell lines such as CHO 
cells, COS cells, BHK cells, myeloma cells (e.g., Sp2/0 cells, NSO), NIH 3T3, YB2/0 and 

15 immortalized human cells, such as HeLa cells, HEK 293 cells, or PER.C6.  

The terms "sequences encoding VH and VL pairs" or "VH and VL encoding sequence pairs" 
indicate nucleic acid molecules, where each molecule comprise a sequence that code for the 
expression of a variable heavy chain and a variable light chain, such that these can be 
expressed as a pair from the nucleic acid molecule if suitable promoter and/or IRES regions 

20 are present and operably linked to the sequences. The nucleic acid molecule may also code 
for part of the constant regions or the complete constant region of the heavy chain and/or 
the light chain, allowing for the expression of a Fab fragment, a full-length antibody or other 
antibody fragments if suitable promoter and/or IRES regions are present and operably linked 
to the sequences.  

25 A recombinant polyclonal antibody is said to be administered in a "therapeutically effective 
amount" if the amount administered is physiologically significant, e.g. prevents or attenuates 
an RSV infection in an animal or human.  

DESCRIPTION OF THE DRAWINGS 

Fig. 1: (A) Alignment of the amino acid sequences of the whole G protein from the prototypic 
30 strains, Long (subtype A) and 18537 (subtype B). The signal/trans-membrane region is 

boxed with a dotted line. The two variable domains between amino acid 101-133 and 208
299 as identified by Cane et al. 1991 J. Gen. Virol. 72:2091-2096 are identified with an 
underline. The central fragment of the G protein has been expressed as a fusion protein in E.  
coli and is boxed in black. The 2 amino acid sequences are set forth in SEQ ID NOs: 711 

35 (subtype A) and 712 (Subtype B). (B) Alignment of the central fragment, as indicated in (A).  
The location of the 13-aa conserved region (a.a. residue 164-176) and the G protein cystein-
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rich region (GCRR) are indicated with brackets. The disulphide bridges in the GCRR (identical 

for both subtypes) are indicated with square brackets. The 2 amino acid sequences are set 

forth in SEQ ID NOs: 713 (Subtype A) and 714 (subtype B).  

Fig. 2: Schematic outline of the multiplex overlap-extension RT-PCR (A) and the cloning steps 

5 (B). (A) Two sets of primers, CH + VH 1-8 and VK1-6 +CK1, specific for VH and Vi gene 

families, respectively, were used for the first PCR step. A homologous region between the VH 
or Vi primers results in the generation of an overlap PCR product. In the second step this 

product is amplified in the nested PCR. The primers also include recognition sites for 

restriction enzymes that facilitate cloning. (B) The generated cognate linked VH and VK coding 

10 pairs are pooled and inserted into a mammalian IgG expression vector (e.g. Fig 3) by the use 

of the flanking XhoI and NotI restriction sites. Subsequently a bi-directional promoter is 

inserted into the AscI-NheI restriction site between the linked VH and Vx coding sequences to 

facilitate expression of full length antibodies. PCR primers used are indicated by horizontal 

arrows. CHI: heavy chain constant domain 1, CL: constant domain, LC: light chain; Ab: 

15 antibody; P1-P2: bi-directional promoters.  

Fig. 3: Schematic presentation of a mammalian full-length antibody expression vector 00-VP

530. The vector comprises the following elements: Amp and Amp pro =ampicillin resistance 

gene and its promoter. pUC origen = pUC origin of replication. P1=mammalian promoter 

driving the expression of the light chain. P2=mammalian promoter driving the expression of 

20 the heavy chain. Leader IGHV=genomic human heavy chain leader. VH=heavy chain variable 

region encoding sequence. IgGl=Sequence encoding genomic immunoglobulin isotype GI 

heavy chain constant region. Rabbit B-globin A=rabbit beta-globin polyA sequence. Kappa 

leader=sequence encoding for murine kappa leader. LC=Sequence of light chain encoding 

sequence. SV40 term=Simian virus 40 terminator sequence. FRT = A Flp recognition target 

25 site. Neo = neomycin resistance gene. SV40 poly A = Simian virus 40 poly A signal sequence 

Fig. 4: Characterization of the epitope specificity of antibody obtained from clone 801 

(Ab801) using Biacore analysis. Antibody 801 binding was tested in pair-wise competition for 

binding to protein F, using three antibodies, 9c5 (2), 133-h (3) and Palivizumab (4), which 

bind to antigenic site F1, C and II, respectively. The reference cell illustrates binding to 

30 protein F of uncompeted Ab8O1 (1). Injection times of the four antibodies are indicated by an 

arrow. The response is indicated in relative resonance units (RU). The long double headed 

arrow indicates the magnitude of the uncompeted response and the short double headed 

arrow indicates the magnitude of the 9c5 inhibited response.  

Fig. 5: Shows results from in vitro neutralization of RSV subtype A and B strains. Dilutions of 

35 anti-F antibody mixtures were tested for their ability to neutralize RSV Long (Panel A) and 

RSV BI (Panel B) strains. Antibody mixture, anti-F(I), obtained from clones 810, 818, 819, 
825 and 827 is shown as triangles (A) and antibody mixture, anti-F(II), obtained from clones
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735, 800, 810, 818, 819, 825, 827, 863, 880, 884 and 894 is shown as squares (M).  

Palivizumab is shown as diamonds (*), and an isotype-matched negative control (anti

Rhesus D) antibody is shown as circles (0). The absorbance was measured at 490 nm and 

correlates with RSV replication.  

5 Fig. 6: Shows results from an in vitro RSV fusion inhibition assay. Dilutions of antibody 

mixtures were tested for their ability to neutralize RSV B1 strain. Antibody mixture, anti

F(I)G, obtained from clones 810, 818, 819, 825, 827, 793, 796, 838, 841, 856 and 888 is 

shown as open squares (0) and antibody mixture, anti-F(II)G, obtained from clones 735, 

800, 810, 818, 819, 825, 827, 863, 880, 884, 894, 793, 796, 838, 841, 856 and 888 is 

10 shown as open triangles (A). Palivizumab is shown as diamonds (*). The absorbance was 

measured at 490 nm and correlates with RSV replication.  

Fig. 7: Shows results from an in vitro neutralization of RSV by combinations of anti-G 

antibody clones as measured by the PRNT in the presence of active complement. Dilutions of 

individual antibody compositions (described in Table 8) were incubated with RSV strain Long 

15 in the presence of rabbit complement and afterwards allowed to infect HEp-2 cells. After 24 

hours of incubation, the degree of infection was detected using immunodetection of RSV

specific plaques. Anti-RSV rpAb 13 is shown as open triangles (A), anti-RSV rpAb 35 as 

triangles (A), anti-RSV rpAb 36 as squares (0), anti-RSV rpAb 41 as circles (0) and anti

RSV rpAb 45 as open squares (0). Data are presented as % infection compared to control I 

20 SD.  

DETAILED DESCRIPTION OF THE INVENTION 

Target antigens and polyclonal antibody compositions 

A polyclonal antibody of the present invention is composed of a number of distinct antibody 

molecules in the same composition. Each molecule is selected based on its ability to bind an 

25 RSV associated antigen. A polyclonal antibody of the present invention comprises binding 

reactivity corresponding to the compiled binding reactivity of the distinct antibody molecules 

constituting the polyclonal antibody composition.  

An anti-RSV polyclonal antibody of the present invention preferably comprise a compiled 

binding reactivity against both the G and F proteins and even more preferred against multiple 

30 epitopes to minimize the risk of development of escape mutants and achieve highest possible 

neutralizing capacity. At least five major antigenic sites that are recognized by neutralizing 

antibodies have been identified on the F protein (Lopez et al. 1998. J.Virol. 72:6922-8). All 

the antigenic sites have been mapped to the F1 chain, and include site I, II, IV, V and VI, 

where site I and II also may be termed B and A, respectively. Site II is located in a protease

35 resistant region in the N-terminal segment, and sites IV, V and VI in the C-terminal end of
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the cystein-rich region of the protein. Site I is located in the middle of this cystein cluster. A 

further antigenic site on the F protein is site C in which the epitope F2 including amino acid 

positions 241 and 242 is located. Additionally, there are monoclonal antibodies binding to an 

antigenic site termed Fl, comprising the epitopes termed Fla, Fib and Fic. Currently this 

5 antigenic site has not been mapped to a particular site on the F protein. The majority of 

these sites/epitopes give rise to broadly neutralizing antibodies, but some antibodies specific 

for antigenic site I have been shown to be subtype A-specific. Antibodies binding to site I also 

have a marginal effect in virus neutralization. The epitope recognized by Palivizumab is 

located in antigenic site II as judged by the localization of the selected escape mutations in 

10 amino acid position 272 (Zhao et al. 2004. J.Infect.Dis. 190:1941-6). Furthermore, three 

types of epitopes have been identified on the G protein: i) conserved epitopes that are 

present in all RSV strains, ii) group-specific epitopes that are present in all viruses belonging 

to the same subtype, and iii) strain-specific or variable epitopes that are present only in a 

subset of strains belong to the same subtype. The conserved and group-specific epitopes 

15 have been mapped to the central part of the G protein containing a cluster of four cysteins 

(amino acid residue 173, 176, 182 and 186) and a short amino acid segment (residues 164

176) of identical sequence among all human RSV isolates. The cystein cluster is held by 

disulfide bounds between position 173-183 and 176-182 and constitutes the central part of 

the G protein cysteine-rich region (GCRR) ranging from amino acid residue 171-187, thereby 

20 the GCRR is overlapping with the 13 amino acid conserved region. The G glycoprotein 

appears to play a role in both induction of protective immunity and disease pathogenesis. For 

example, studies in mice have shown that the G glycoprotein primes for a Th2 CD4+ T cell 

response, characterized by production of IL-4, IL-5, IL-13 and pulmonary eosinophilia.  

Eosinophil recruitment and activation are promoted by several factors, such as IL-4 and IL-5.  

25 Further, expression of RSV G protein during acute infection in mice has been associated with 

a modified innate immune response characterized by decreased Thi cytokine expression 

(e.g., IL-2 and gamma interferon), altered chemokine mRNA expression (e.g., MIP-1 alpha, 

MIP-1 beta, MIP-2, IP-10, MCP-1), and decreased NK cell trafficking to the infected lung. In 

particular the GCRR has been shown to play an important role in modulating the innate 

30 inflammatory response, thereby potentially delaying RSV clearance (Polack et al. 2005. PNAS 

102:8996-9001). The GCRR comprise a CX3C motif at amino acid positions 182 to 186.  

Reduction in respiratory rates in RSV infected mice has been shown to be associated with the 

CX3C motif, since antibodies against this motif abolish the reduction in the respiratory rates 

(Tripp et al. 2003. J. Virol. 77:6580-6584 and US 2004/0009177 (appl. no.  

35 10/420,387)). The strain-specific epitopes are preferentially localized in the variable C

terminal third of the G polypeptide, although a strain-specific epitope has been mapped to a 

variable region N-terminal to the cysteine cluster in the G protein ectodomain (Martinez et al.  

1997. J. Gen. Virol. 78:2419-29). Figure 1 shows an alignment of the G proteins from the 

Long strain (subtype A) and the 18537 strain (subtype B), indicating the various regions of
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the G protein. Generally, monoclonal anti-G protein antibodies have marginal effects on RSV 

neutralization. However, it has been reported that mixtures of monoclonal anti-G antibodies 

enhance neutralization of RSV in vitro as well as in vivo (Walsh et al. 1989. J.Gen.Virol.  

70:2953-61 and Martinez and Melero 1998 J.Gen.Virol. 79:2215-20). The greatest effect of 

5 combining monoclonal anti-G antibodies is apparently achieved when the antibodies bind 

different epitopes, although a fraction of the virus still remained resistant to neutralization.  

Further, it has been shown that combinations of two different anti-F antibodies with different 

epitope specificities as well as combinations of one anti-F and one anti-G specific antibody 

showed an enhanced in vitro neutralizing effect on RSV (Anderson et al. 1988. J. Virol. 62: 

10 4232-4238). Some of the advantages obtained by mixing monoclonal antibodies seem to be 

due to the individual properties of the monoclonal antibodies, such as an antagonistic effect, 

e.g. by blockage of the active site. Other effects seem to be synergistic for reasons that 

currently are not understood.  

The mechanisms of RSV neutralization are complex and not completely understood. The large 

15 number of different epitopes, conserved, subtype specific as well as strain specific epitopes, 

identified on the F and G proteins alone, as well as the potential generation of escape 

mutants suggests that a wide spectrum of antibody specificities is needed to address all the 

neutralization mechanisms that may play a role in the prevention of RSV infection. Thus, it 

would be very difficult, in a rational way, to select the mixture of monoclonal antibodies that 

20 is capable of preventing RSV infection with RSV strain of both subtype A and B, as well as 

escape mutants and new strains arising from the RSV strains known today.  

An aspect of the present invention is to provide a polyclonal anti-RSV antibody with a 

considerable diversity and broad anti-RSV specificity. The polyclonal anti-RSV antibody of the 

present invention is not dependent on the donor availability at the time of production and the 

25 batch to batch variation is considerably lower than observed for donor-derived anti-RSV 

immunoglobulin products (e.g. RSV IVIG). In a polyclonal anti-RSV antibody of the present in 

invention all the individual antibody members are capable of binding a RSV associated 

antigen and the polyclonal antibody is capable of neutralizing RSV subtype A and B. It is 

preferred that each distinct antibody of the polyclonal antibody binds an epitope which is not 

30 bound by any of the other members of the polyclonal antibody. A polyclonal anti-RSV 

antibody of the present invention will bind to RSV antigens in a multivalent manner, which 

usually results in synergistic neutralization, improved phagocytosis of infected cells by 

macrophages and improved antibody-dependent cellular cytotoxicity (ADCC) against infected 

cells as well as increased complement activation. Further, a polyclonal antibody of the 

35 present invention is not "diluted" by non-binding protein which is the case for RSV IVIG, 

where a dose of 750 mg total protein/kg is needed to be efficient. The percentage of RSV

specific antibodies within the 750 mg total protein is not known, but it is not likely to 

constitute more than maximally 1 %, and most likely less. Thus, when the in vitro potency of
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Palivizumab was estimated to be 25-30 times higher than that of RSV IVIG (Johnson et al.  

1997. J.Infect.Dis. 176:1215-24), this is offset by a reduced specific activity of the RSV IVIG.  

Thus, if only 1 % of the immunoglobulin molecules contained in the RSV-IVIG are specific for 

RSV, then the active dose of the RSV-IVIG polyclonal antibody is only 7.5 mg/kg which is 

5 lower than that of the monoclonal antibody Palivizumab.  

For these reasons a recombinant polyclonal RSV-specific antibody of the present invention is 

expected to be significantly more potent than a monoclonal antibody, and it will therefore be 

possible to administer a smaller dose of a polyclonal antibody of the present invention, 

compared to the effective doses of Palivizumab and RSV IVIG. Thus, a polyclonal anti-RSV 

10 antibody of the present invention is also considered suitable for the prophylaxis and 

treatment of high-risk adults, in particular bone marrow transplant recipients, elderly 

individuals and individuals with chronic pulmonary disease. A further advantage of a 

polyclonal anti-RSV antibody of the present invention, is that the concentration of the 

individual antibody members is significantly lower than the concentration of a monoclonal 

15 antibody (even if the dose used is the same), hence the possibility that the individual 

antibody will be recognized as foreign by the immune system of the individual under 

treatment is decreased, and even if one individual antibody is eliminated by an immune 

response in the patient, this is not likely to affect the neutralizing capability or the clearance 

rate of the polyclonal anti-RSV antibody, since the remaining antibody members remain 

20 intact.  

An embodiment of the present invention is a recombinant polyclonal anti-RSV antibody 

capable of neutralizing RSV subtype A and B, and where said polyclonal antibody comprises 

distinct antibody members which in union specifically binds at least three different epitopes 

on at least one RSV envelope protein. Preferably, the F protein is bound specifically by at 

25 least three distinct antibody members, and said epitopes are preferably located at different 

antigenic sites.  

A further embodiment of the present invention is a recombinant polyclonal anti-RSV antibody 

capable of neutralizing RSV subtype A and B, and where said polyclonal antibody comprises 

distinct antibody members which in union provide specific reactivity against at least two RSV 

30 envelope proteins. The two envelope proteins can be selected from the RSV G protein, RSV F 

protein and RSV SH protein. Preferably, the polyclonal anti-RSV antibody of the present 

invention comprises anti-G and anti-F reactivity. The anti-G and anti-F reactivity of such a 

polyclonal antibody is preferably comprised of at least two distinct anti-G antibodies and at 

least one distinct anti-F antibody. Preferably, at least three distinct antibodies bind to 

35 different epitopes, thereby covering at least three different epitopes, and together the 

antibodies are capable of neutralizing RSV subtype A and subtype B strains equally well. Even 

more preferred the anti-G and anti-F reactivity of a polyclonal anti-RSV antibody of the 

present invention is comprised of any combination of the anti-G and anti-F reactivities
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described below. Most preferred a polyclonal anti-RSV antibody of the present invention is 
comprised of anti-G and anti-F reactivity against all the antigenic sites/epitopes mentioned 
below. To obtain the broadest specificity possible of a polyclonal anti-RSV antibody of the 
present invention, it is desired that one or more, preferably all the antigenic sites are covered 

5 by more than one distinct antibody. Consequently, it is preferred that several epitopes on the 
same antigen or antigenic site are bound by distinct members of a polyclonal antibody of the 
present invention.  

With respect to the anti-G reactivity of a polyclonal anti-RSV antibody of the present 
invention, this reactivity is preferably directed against conserved epitopes. Even more 

10 preferred the anti-G reactivity is comprised of a first anti-G antibody capable of specifically 
binding a conserved epitope on the G-protein, and a second anti-G antibody capable of 
specifically binding the G protein cysteine-rich region (GCRR) The polyclonal anti-RSV 
antibody preferably comprise at least two distinct anti-G antibodies, where at least one first 
antibody is capable of specifically binding a conserved epitope on the G-protein, and at least 

15 one second antibody is capable of specifically binding a different conserved epitope or a 
group-specific epitope recognizing either with subtype A or subtype B. Preferably, the 
polyclonal antibody comprise at least three distinct anti-G antibodies where the first antibody 
is capable of specifically binding a conserved epitope on the G-protein, and the second 
antibody is capable of specifically binding a G protein of subtype A and the third antibody is 

20 capable of specifically binding a G protein of subtype B. The G protein cysteine-rich region 
(GCRR) partially overlaps with the upstream 13 amino acid region where the conserved 
epitopes are located and a region where the group specific epitopes are located. Thus, 
antibodies capable of specifically binding a conserved epitope as well as group specific 
antibodies may bind the GCRR if the epitope that they recognize is located in the GCRR.  

25 Preferably, at least one of the distinct antibodies characterized by their binding to a 
conserved epitope or a strain specific epitope also recognizes the GCRR. Antibodies binding to 
the CX3C motif of the GCRR are especially preferred from a virus neutralization point of view.  
However, antibodies binding to CX3C motifs may also bind a number of other unrelated 
human antigens, such as fractalkine and other human CX3C chemokines and thus produce 

30 undesired side-effects meaning that it will be a rational approach to test such antibodies for 
cross-reactivity (e.g. as demonstrated for certain antibodies in the examples) and later to 
test the same antibodies in suitable model systems. At any rate, it will always be necessary 
to test a given pharmaceutical, such as an antibody of the present invention, in a clinical trial 
before it can be established with a degree of certainty that side effects are absent, minor or 

35 at least acceptable. In addition to the conserved and group-specific anti-G reactivity 
additional anti-G reactivity directed against strain specific epitopes may also be comprised in 
the polyclonal anti-RSV antibody of the present invention. Strain-specific anti-G reactivity 
directed against the most abundant strain-specific epitopes present on virus strains which
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have resulted in RSV infection within the last five years is preferred. In the current invention 

strain-specific epitopes are understood as epitopes which only are present on a limited 

number of RSV strains. The addition of group-specific and/or strain specific anti-G antibodies 

can provide additional diversity to an anti-RSV antibody of the present invention, and may 

5 induce synergy when combined with antibodies with reactivity to the conserved region of the 

G protein. Preferably, the anti-G antibodies of the present invention neutralize RSV directly, 

block entry of the virus into the cell, prevent cell migration, inhibit inflammatory responses 

and/or prevent syncytia formation.  

With respect to the anti-F reactivity of a polyclonal anti-RSV antibody of the present 

10 invention, this reactivity is preferably directed against at least one epitope on one or more of 

the antigenic sites I, II, IV, V, VI, C or Fl. In further embodiments of the present invention at 

least two, three, four, five, six or all these antigenic sites/epitopes are covered by distinct 

antibodies in a polyclonal anti-RSV antibody of the present invention. Preferably, the anti-F 

antibodies of the present invention neutralize RSV directly and/or block entry of the virus into the 

15 cell and/or prevent syncytia formation.  

In polyclonal anti-RSV antibody compositions of the present invention where the composition 

does not comprise binding reactivity directed against all the antigenic sites on the F protein, 

the presence of at least one distinct anti-F antibody which specifically binds an epitope of 

antigenic site II is preferred. Even more preferred the site I-specific anti-F antibody binds to 

20 the same epitope or antigenic site as the antibody Palivizumab. In addition to the site II

specific antibodies one or more distinct site IV-specific anti-F antibodies are desired, such an 

antibody preferably binds to the same epitope as RSVF2-5.  

Subtype-specific anti-F antibodies are also known in the art. However, since the F protein 

shows 91% amino acid similarity between the two subgroups A and B, the subtype-specific 

25 anti-F antibodies are less abundant than for anti-G antibodies. Such strain-specific anti-F 

antibodies will, however, contribute to obtaining as broad specificity as possible, and are 

therefore also desired components of a polyclonal anti-RSV antibody of the present invention.  

In addition to the RSV G and F protein antigens mentioned above, the RS virus expresses a 

third envelope protein, the small hydrophobic (SH) protein. Hyperimmune sera raised against 

30 peptides from the SH proteins have been shown to be unable to neutralize RSV in vitro 

(Akerlind-Stopner et al. 1993 J. Med. Virol. 40:112-120). However, since the protein is 

mainly expressed on infected cells, we believe that antibodies against the SH protein will 

have an effect on fusion inhibition and potentially be relevant for in vivo protection against 

RSV infections. This is supported by the fact that RSV strains lacking the SH gene replicate 

35 10-fold less efficient in the upper respiratory tract (Bukreyev et al. 1997 J. Virol. 71:8973

82).
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An additional embodiment of the present invention is a polyclonal anti-RSV antibody capable 

of neutralizing RSV subtype A and B and comprising anti-SH reactivity, and anti-G or anti-F 

reactivity. The C-terminus ranging from amino acid 41 to 64/65 (subtype A/B) of the SH 

protein is exposed on the cell surface. Hence, anti-SH reactivity against an epitope located in 

5 this area is desired. The C-terminus of the SH protein varies from subtype A and B, and it is 

therefore desired to include anti-SH reactivity against both subtype A and B in a polyclonal 

antibody of the present invention. This SH reactivity can be provided by at least two distinct 

anti-SH antibodies where the first antibody is capable of specifically binding SH subtype A 

and the second antibody is capable of specifically binding SH subtype B.  

10 In one embodiment of the present invention a polyclonal anti-RSV antibody comprises 

specific reactivity against SH subtype A and/or B as well as specific reactivity against the G 

protein. The reactivity against the G protein can be composed of any of the reactivities 

mentioned above.  

In an alternative embodiment the specific reactivity against SH subtype A and/or B can be 

15 combined with any of the anti-F reactivities described in the above to constitute a polyclonal 

anti-RSV antibody.  

In a preferred embodiment of the present invention a polyclonal anti-RSV antibody comprises 

reactivity against all three of the envelope proteins, F, G and SH.  

The reactivity comprised in a polyclonal anti-RSV antibody of the present invention may 

20 constitute any possible combination of distinct antibodies with specific binding reactivity 

against the antigens/antigenic sites and/or epitopes summarized in Table 1, as long as the 

combination is capable of neutralizing RSV subtype A and B. Preferably, the combination 

contain reactivity against at least two RSV envelope proteins.  

Preferably, the individual distinct antibody members of a polyclonal antibody according to the 

25 present invention, have neutralizing and/or anti-inflammatory properties on their own.  

Antibodies without these particular properties may however also play a role in RSV clearance 

for example through complement activation.  

Table 1: Summary of RSV associated antigens, antigenic sites and epitopes 

Antigen Antigenic site/epitope 

F Protein Antigenic site I 

Antigenic site II 

Antigenic site IV 

Antigenic site V 

Antigenic site VI 

Antigenic site C 
F1 epitope
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Antigen Antigenic site/epitope 

G Protein Conserved region (a.a. 164-176) 

Subtype A specific 

Subtype B specific 

GCRR (a.a. 171-187) 
(conserved as well as strain specific) 

CX3C motif (a.a. 182-186) 

Strain specific 

SH protein Subtype A 
Subtype B 

Preferably, a polyclonal antibody of the present invention is produced as a single batch or a 

few batches from a polyclonal cell line which is not naturally expressing antibody molecules 

(also termed recombinant polyclonal antibody expression). One of the advantages of 

5 producing a recombinant polyclonal antibody compared to mixing monoclonal antibodies, is 

the ability to produce an unlimited number of distinct antibody molecules at the same time 

(at a cost similar to that of producing a single monoclonal antibody). Thus, it is possible to 

include antibodies with reactivity towards a large number of RSV associated antigens, without 

increasing the cost of the end product significantly. In particular with a target as complex as 

10 the RSV, where the biology is not completely understood, individual antibodies which have 

not been shown to neutralize or protect against RSV alone, may when combined with other 

antibodies induce a synergistic effect. Thus, it can be an advantage to include distinct 

antibodies, in addition to those described above, in a polyclonal antibody composition, where 

the only criterion is that the individual antibody binds to an RSV associated antigen (e.g.  

15 assessed by binding to RSV infected cells). Preferably all the polyclonal anti-RSV antibody 

compositions described above are recombinant polyclonal anti-RSV antibody (anti-RSV rpAb) 

compositions.  

One way to acquire potentially relevant antibodies that bind RSV target antigens which have 

not been verified as relevant antigens, but nonetheless may be so, is to generate a polyclonal 

20 antibody composition which is composed of individual antibodies raised by the immune 

response of a donor which has been infected with RSV (full immune response). In addition to 

obtaining antibodies representing a full immune response against RSV, a positive selection 

for antibodies binding to antigens that are likely to be of particular relevance in the 

protection, neutralization, and/or elimination of RSV infections, can be performed. Further, if 

25 antibodies to a particular antigen, antigenic site or epitope which is believed to be of 

relevance in the protection, neutralization and/or elimination of RSV are not identified in the 

full immune response of the donor, such antibodies may be raised by immunization/vacci

nation of a donor with that particular antigen (selected immune response). Generally,
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neutralization is assessed by in vitro neutralization assays such as plaque reduction, 

microneutralization or fusion-inhibition assays (e.g. Johnson et al. 1997. J.Infect.Dis.  

176:1215-24). Hence, an antibody or antibody composition having a significant effect in one 

of these assays, when compared to a negative control are considered to be neutralizing.  

5 Protection is generally assessed by in vivo challenge experiments in e.g. the cotton rat model 

(e.g. Johnson et al. 1997. J.Infect.Dis. 176:1215-24) or the murine model (e.g. Taylor et al.  

1984. Immunology 52, 137-142 and Mejias, et al. 2005. Antimicrob. Agents Chemother. 49: 

4700-4707). The in vivo challenge experiments can either be performed in a prophylactic 

fashion, where the antibodies are administered prior to the viral challenge or as a treatment, 

10 where the antibodies are administered after viral challenge or as a combination of both.  

A polyclonal antibody composition of the present invention can be composed of antibodies 
capable of binding a RSV antigen which is not necessarily known or not necessarily an 

envelope protein (the antibody binds to infected cells, but not to selected antigens or 
antigenic sites), but where the antibodies are acquired from a full immune response following 

15 a RSV infection, e.g. by obtaining nucleic acid sequences encoding the distinct antibodies 
from one or more donors with a RSV infection or recovering from a RSV infection. Secondly, 
antibodies from the same full immune response, which have been selected, based on their 

ability to bind a particular antigen, antigenic site and/or epitope, can be included in a 
polyclonal antibody of the present invention. Thirdly, distinct antibodies encoded from VH and 

20 VL pairs obtained from one or more donors which have been immunized/vaccinated with a 
particular RSV related antigen thereby raising a "selected" immune response in these donors, 

can be included in a polyclonal antibody composition of the present invention. Thus, 
antibodies derived by any of the mentioned techniques in the present invention may be 

combined into a single polyclonal antibody. Preferably the nucleic acids encoding the 
25 antibodies of the present invention are obtained from human donors and the antibodies 

produced are fully human antibodies.  

The motivation behind the polyclonal antibody compositions of the present invention is: if a 
donor infected with RSV, raises a humoral immune response against an antigen, these 
antibodies are likely, at least to some extent, to contribute to viral clearance, and thereby 

30 qualify for inclusion in a polyclonal antibody product.  

A further aspect of the present invention is to produce an anti-RSV rpAb wherein the 

composition of distinct antibody members mirrors the humoral immune response with respect 

to diversity, affinity and specificity against RSV envelope antigens. Preferably, the mirror of 

the humoral response is established by ensuring that one or more of the following are fulfilled 

35 i) the nucleic acid sequences coding for the VH and VL regions of the individual antibody 

members in such an anti-RSV rpAb are derived from a donor(s) who has raised a humoral 

immune response against RSV, for example following RSV infection; ii) the VH and VL coding 

sequences are isolated from the donor(s) such that the original pairing of the VH and VL
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coding sequences present in the donor(s) is maintained, iii) the VH and VL pairs, coding for 
the individual members of the rpAb, are selected such that the CDR regions are as diverse as 
possible; or iv) the specificity of the individual members of the anti-RSV rpAb are selected 

such that the antibody composition collectively binds antigens that elicit significant antibody 
5 responses in mammals. Preferably, the antibody composition collectively binds antigens, 

antigenic sites and/or epitopes which produce significant antibody titers in a serum sample 
from said donor(s). Such antigens, antigenic sites and/or epitopes are summarized in Table 1 
above, but may also constitute unknown antigens, antigenic sites and/or epitopes as well as 
non-envelope antigens, as described above. Preferably, the donors are human, and the 

10 polyclonal antibody is a fully human antibody.  

The present invention has identified a series of VH and VL pairs that can be expressed as full
length antibodies, Fab fragment or other antibody fragments that have binding specificity to 
a RSV associated antigen. The specific VH and VL pairs are identified by clone number in Table 
5 in Example 2. An antibody containing a VH and VL pair as identified in Table 5 is preferably 

15 a fully human antibody. However, if desired, chimeric antibodies may also be produced.  

A preferred anti-RSV recombinant polyclonal antibody of the present invention is composed 
of distinct members comprising heavy chain and light chain CDR1, CDR2 and CDR3 regions 
selected from the group of VH and VL pairs listed in Table 5. Preferably, the CDR regions are 
maintained in the pairing indicated in Table 5 and inserted into a desired framework.  

20 Alternatively, CDR regions from the heavy chain (CDRH) of a first clone are combined with 
the CDR regions from the light chain (CDRL) of a second clone (scrambling of VH and VL 
pairs). The CDR regions may also be scrambled within the light chain or heavy chain, for 
example by combining the CDRL1 region from a first clone with the CDRL2 and CDRL3 region 
from a second clone. Such scrambling is preferably performed among clones that bind the 

25 same antigen. The CDR regions of the present invention may also be subjected to affinity 
maturation, e.g. by point mutations.  

Isolation and selection of variable heavy chain and variable light chain coding pairs 

The process of generating an anti-RSV recombinant polyclonal antibody composition involves 
the isolation of sequences coding for variable heavy chains (VH) and variable light chains (VL) 

30 from a suitable source, thereby generating a repertoire of VH and VL coding pairs. Generally, 
a suitable source for obtaining VH and VL coding sequences are lymphocyte containing cell 
fractions such as blood, spleen or bone marrow samples from an animal or human which is 
infected with RSV or recovering from an RSV infection, or from an animal or human 
immunized/vaccinated with an RSV strain or proteins or DNA derived from such a strain.  

35 Preferably, lymphocyte containing fractions are collected from humans or transgenic animals 
with human immunoglobulin genes. The collected lymphocyte containing cell fraction may be 
enriched further to obtain a particular lymphocyte population, e.g. cells from the B
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lymphocyte linage. Preferably, the enrichment is performed using magnetic bead cell sorting 

(MACS) and/or fluorescence activated cell sorting (FACS), taking advantage of lineage

specific cell surface marker proteins for example for B cells, plasma blast and/or plasma cells.  

Preferably, the lymphocyte containing cell fraction is enriched with respect to B cells, plasma 

5 blasts and/or plasma cells. Even more preferred, cells with high CD38 expression and 

intermediate CD19 and/or CD45 expression are isolated from blood. These cells are 

sometimes termed circulating plasma cells, early plasma cells or plasma blasts. For ease, 

they are just termed plasma cells in the present invention, although the other terms may be 

used interchangeably.  

10 The isolation of VH and VL coding sequences can either be performed in the classical way 

where the VH and VL coding sequences are combined randomly in a vector to generate a 

combinatorial library of VH and VL coding sequences pairs. However, in the present invention 

it is preferred to mirror the diversity, affinity and specificity of the antibodies produced in a 

humoral immune response upon RSV infection. This involves the maintenance of the VH and 

15 VL pairing originally present in the donor, thereby generating a repertoire of sequence pairs 

where each pair encodes a variable heavy chain (VH) and a variable light chain (VL) 

corresponding to a VH and VL pair originally present in an antibody produced by the donor 

from which the sequences are isolated. This is also termed a cognate pair of VH and VL 
encoding sequences and the antibody is termed a cognate antibody. Preferably, the VH and VL 

20 coding pairs of the present invention, combinatorial or cognate, are obtained from human 

donors, and therefore the sequences are completely human.  

There are several different approaches for the generation of cognate pairs of VH and VL 

encoding sequences, one approach involves the amplification and isolation of VH and VL 
encoding sequences from single cells sorted out from a lymphocyte-containing cell fraction.  

25 The VH and VL encoding sequences may be amplified separately and paired in a second step 

or they may be paired during the amplification (Coronella et al. 2000. Nucleic Acids Res. 28: 

E85; Babcook et al 1996. PNAS 93: 7843-7848 and WO 05/042774). A second approach 

involves in-cell amplification and pairing of the VH and VL encoding sequences (Embleton et 

al. 1992. Nucleic Acids Res. 20: 3831-3837; Chapal et al. 1997. BioTechniques 23: 518-524).  

30 A third approach is selected lymphocyte antibody method (SLAM) which combines a 

hemolytic plaque assay with cloning of VH and VL cDNA (Babcook et al. 1996. PNAS 93:7843

7848). In order to obtain a repertoire of VH and VL encoding sequence pairs which resemble 

the diversity of VH and VL sequence pairs in the donor, a high-throughput method with as 

little scrambling (random combination) of the VH and VL pairs as possible, is preferred, e.g. as 

35 described in WO 05/042774 (hereby incorporated by reference).  

In a preferred embodiment of the present invention a repertoire of VH and VL coding pairs, 
where the member pairs mirror the gene pairs responsible for the humoral immune response 

resulting from a RSV infection, is generated according to a method comprising the steps i)
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providing a lymphocyte-containing cell fraction from a donor infected with RSV or recovering 
from a RSV infection; ii) optionally enriching B cells or plasma cells from said cell fraction; iii) 
obtaining a population of isolated single cells, comprising distributing cells from said cell 
fraction individually into a plurality of vessels; iv) amplifying and effecting linkage of the VH 

5 and VL coding pairs, in a multiplex overlap extension RT-PCR procedure, using a template 
derived from said isolated single cells and v) optionally performing a nested PCR of the linked 
VH and VL coding pairs. Preferably, the isolated cognate VH and VL coding pairs are subjected 
to a screening procedure as described below.  

Once the VH and VL sequence pairs have been generated, a screening procedure to identify 
10 sequences encoding VH and VL pairs with binding reactivity towards an RSV associated 

antigen is performed. Preferably, the RSV associated antigen is a RSV envelope protein, in 
particular RSV G protein, RSV F protein and RSV SH protein. If the VH and VL sequence pairs 
are combinatorial a phage display procedure can be applied to enrich for VH and VL pairs 
coding for antibody fragments binding to RSV prior to screening.  

15 In order to mirror the diversity, affinity and specificity of the antibodies produced in a 
humoral immune response upon infection with RSV, the present invention has developed a 
screening procedure for the cognate pairs, in order to obtain the broadest diversity possible.  
For screening purposes the repertoire of cognate VH and VL coding pairs are expressed 
individually either as antibody fragments (e.g. scFv or Fab) or as full-length antibodies using 

20 either a bacterial or mammalian screening vector transfected into a suitable host cell. The 
repertoire of Fabs/antibodies is screened for reactivity to virus particles of one or more RSV 
strains. Preferably, at least two strains, one of subtype A and one of subtype B are used.  
Subtype A strains are for example Long (ATCC VR-26), A2 (ATCC VR-1540) or more recent 
Long-like subtype A isolates. Subtype B strains are for example 18537 (ATCC VR-1580), B1 

25 (ATCC VR-1400), 9320 (ATCC VR-955) or more recent 18537-like isolates. In parallel, the 
repertoire of Fabs/antibodies is screened against selected antigens such as recombinant G 
protein, recombinant F protein and peptides derived from RSV antigens. The antigenic 
peptides can for example be selected from the conserved region of the G protein (amino 
acids 164-176) and the cystein core region (amino acids 171-187 of subtype A as well as 

30 subtype B strains) of the G protein and, the extracellular region of the SH-protein (amino 
acids 42-64 of subtype A and 42-65 of subtype B). Preferably the peptides are biotinylated to 
facilitate immobilization onto beads or plates during screening. Alternative immobilization 
means may be used as well. The antigens are selected based on the knowledge of the RSV 
biology and the expected neutralizing and/or protective effect antibodies capable of binding 

35 to these antigens potentially can provide. This screening procedure can likewise be applied to 
a combinatorial phage display library. The recombinant G and/or F proteins used for 
screening can be expressed in bacteria, insect cells, mammalian cells or another suitable 
expression system. The G and/or F protein may either be expressed as a soluble protein
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(without the transmembrane region) or they may be fused to a third protein, to increase 

stability. If the G and/or F protein is expressed with a fusion tag, the fusion partner may be 
cleaved off prior to screening. Preferably, G and/or F proteins representative of both the 

subtype A and subtype B are expressed and used for screening. Additionally, strain-specific G 

5 proteins may be expressed and used for screening. In addition to the primary screening 

described above, a secondary screening may be performed, in order to ensure that none of 

the selected sequences encode false positives. In the second screening all the RSV/antigen 

binding VH and VL pairs identified in the first screening are screened again against both the 

virus strains and the selected antigens. Generally, immunological assays are suitable for the 

10 screening performed in the present invention. Such assays are well know in the art and 

constitute for example ELISPOTS, ELISA, FLISA, membrane assays (e.g. Western blots), 

arrays on filters, and FACS. The assays can either be performed without any prior enrichment 

steps, utilizing polypeptides produced from the sequences encoding the VH and VL pairs. In 

the event that the repertoire of VH and VL coding pairs are cognate pairs, no enrichment by 

15 e.g. phage display is needed prior to the screening. However, in the screening of 

combinatorial libraries, the immunoassays are preferably performed in combination with or 

following enrichment methods such as phage display, ribosome display, bacterial surface 

display, yeast display, eukaryotic virus display, RNA display or covalent display (reviewed in 

FitzGerald, K., 2000. Drug Discov. Today 5, 253-258).  

20 The VH and VL pair encoding sequences selected in the screening are generally subjected to 

sequencing, and analyzed with respect to diversity of the variable regions. In particular the 

diversity in the CDR regions is of interest, but also the VH and VL family representation is of 

interest. Based on these analyses, sequences encoding VH and VL pairs representing the 

overall diversity of the RSV binding antibodies isolated from one or more donors are selected.  

25 Preferably, sequences with differences in all the CDR regions (CDRH1, CDRH2, CDRH3 and 

CDRL1, CDRL2 and CDRL3) are selected. If there are sequences with one or more identical or 

very similar CDR regions which belong to different VH or VL families, these are also selected.  

Preferably, at least the CDR3 region of the variable heavy chain (CDRH3) differs among the 

selected sequence pairs. Potentially, the selection of VH and VL sequence pairs can be based 

30 solemnly on the variability of the CDRH3 region. During the priming and amplification of the 

sequences, mutations may occur in the framework regions of the variable region, in 

particular in the first framework region. Preferably, the errors occurring in the first framework 

region are corrected in order to ensure that the sequences correspond completely or at least 

98% to those of the donor, e.g. such that the sequences are fully human.  

35 When it is ensured that the overall diversity of the collection of selected sequences encoding 

VH and VL pairs is highly representative of the diversity seen at the genetic level in a humoral 

response to a RSV infection, it is expected that the overall specificity of antibodies expressed 

from a collection of selected VH and VL coding pairs also are representative with respect to
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the specificity of the antibodies produced in the RSV infected donors. An indication of whether 

the specificity of the antibodies expressed from a collection of selected VH and VL coding pairs 

are representative of the specificity of the antibodies raised by infected donors can be 

obtained by comparing the antibody titers towards the virus strains as well as the selected 

5 antigens of the donor blood with the specificity of the antibodies expressed from a collection 

of selected VH and VL coding pairs. Additionally, the specificity of the antibodies expressed 

from a collection of selected VH and VL coding pairs can be analyzed further. The degree of 

specificity correlates with the number of different antigens towards which binding reactivity 

can be detected. In a further embodiment of the present invention the specificity of the 

10 individual antibodies expressed from a collection of selected VH and VL coding pairs is 

analyzed by epitope mapping.  

Epitope mapping may be performed by a number of methodologies, which do not necessarily 

exclude each other. One way to map the epitope-specificity of an antibody clone is to assess 

the binding to peptides of varying lengths derived from the primary structure of the target 

15 antigen. Such peptides may be both linear and conformational and may be used in a number 

of assay formats, including ELISA, FLISA and surface plasmon resonance (SPR, Biacore).  

Furthermore, the peptides may be rationally selected using available sequence and structure 

data to represent e.g. extracellular regions or conserved regions of the target antigen, or the 

may be designed as a panel of overlapping peptides representing a selected part or all of the 

20 antigen (Meloen RH, Puijk WC, Schaaper WMM. Epitope mapping by PEPSCAN. In: 

Immunology Methods Manual. Ed Iwan Lefkovits 1997, Academic Press, pp 982-988).  

Specific reactivity of an antibody clone with one or more such peptides will generally be an 

indication of the epitope specificity. However, peptides are in many cases poor mimics of the 

epitopes recognized by antibodies raised against proteinaceous antigens, both due to a lack 

25 of conformation and due to the generally larger buried surface area of interaction between an 

antibody and a protein antigen as compared to an antibody and a peptide. A second method 

for epitope mapping, which allows for the definition of specificities directly on the protein 

antigen, is by selective epitope masking using existing, well defined antibodies. Reduced 

binding of a second, probing antibody to the antigen following blocking is generally indicative 

30 of shared or overlapping epitopes. Epitope mapping by selective masking may be performed 

by a number of immunoassays, including, but not restricted to, ELISA and Biacore, which are 

well known in the art (e.g. Ditzel et al. 1997. J. Mol. Biol. 267:684-695; Aldaz-Carroll et al.  

2005. J. Virol. 79: 6260-6271). Yet another potential method for the determination of the 

epitope specificity of anti-virus antibodies is the selection of viral escape mutants in the 

35 presence of antibody. Sequencing of the gene(s) of interest from such escape mutants will 

generally reveal which amino acids in the antigen(s) that are important for the recognition 

by the antibody and thus constitute (part of) the epitope.
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Preferably, individual members to be comprised in an anti-RSV rpAb of the present invention 
are selected such that the specificity of the antibody composition collectively covers both RSV 
subtype A and B, as well as the RSV associated antigens protein F and G, and preferably also 
SH.  

5 Production of a recombinant polyclonal antibody from selected V14 and VL coding pairs 

A polyclonal antibody of the present invention is produced from a polyclonal expression cell 
line in one or a few bioreactors or equivalents thereof. Following this approach the anti-RSV 
rpAb can be purified from the reactor as a single preparation without having to separate the 
individual members constituting the anti-RSV rpAb during the process. If the polyclonal 

10 antibody is produced in more than one bioreactor, the supernatants from each bioreactor can 
be pooled prior to the purification, or the purified anti-RSV rpAb can be obtained by pooling 
the antibodies obtained from individually purified supernatants from each bioreactor.  

One way of producing a recombinant polyclonal antibody is described in WO 2004/061104 
and WO 2006/007850 (PCT/DK2005/000501) (these references are hereby incorporated by 

15 reference). The method described therein, is based on site-specific integration of the 
antibody coding sequence into the genome of the individual host cells, ensuring that the VH 
and VL protein chains are maintained in their original pairing during production. Furthermore, 
the site-specific integration minimizes position effects and therefore the growth and 
expression properties of the individual cells in the polyclonal cell line are expected to be very 

20 similar. Generally, the method involves the following: i) a host cell with one or more 
recombinase recognition sites; ii) an expression vector with at least one recombinase 
recognition site compatible with that of the host cell; iii) generation of a collection of 
expression vectors by transferring the selected VH and VL coding pairs from the screening 
vector to an expression vector such that a full-length antibody or antibody fragment can be 

25 expressed from the vector (such a transfer may not be necessary if the screening vector is 
identical to the expression vector); iv) transfection of the host cell with the collection of 
expression vectors and a vector coding for a recombinase capable of combining the 
recombinase recognition sites in the genome of the host cell with that in the vector; v) 
obtaining/generating a polyclonal cell line from the transfected host cell and vi) expressing 

30 and collecting the polyclonal antibody from the polyclonal cell line.  

Preferably mammalian cells such as CHO cells, COS cells, BHK cells, myeloma cells (e.g., 
Sp2/0 or NSO cells), fibroblasts such as NIH 3T3, and immortalized human cells, such as 
HeLa cells, HEK 293 cells, or PER.C6, are used. However, non-mammalian eukaryotic or 
prokaryotic cells, such as plant cells, insect cells, yeast cells, fungi, E. coli etc., can also be 

35 employed. A suitable host cell comprises one or more suitable recombinase recognition sites 
in its genome. The host cell should also contain a mode of selection which is operably linked 
to the integration site, in order to be able to select for integrants, (i.e., cells having an
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integrated copy of an anti-RSV Ab expression vector or expression vector fragment in the 

integration site). The preparation of cells having an FRT site at a pre-determined location in 

the genome was described in e.g. US 5,677,177. Preferably, a host cell only has a single 

integration site, which is located at a site allowing for high expression of the integrant (a so

5 called hot-spot).  

A suitable expression vector comprises a recombination recognition site matching the 

recombinase recognition site(s) of the host cell. Preferably the recombinase recognition site is 

linked to a suitable selection gene different from the selection gene used for construction of 

the host cell. Selection genes are well known in the art, and include glutamine synthetase 

10 gene (GS), dihydrofolate reductase gene (DHFR), and neomycin, where GS or DHFR may be 

used for gene amplification of the inserted VH and VL sequence. The vector may also contain 

two different recombinase recognition sites to allow for recombinase-mediated cassette 

exchange (RMCE) of the antibody coding sequence instead of complete integration of the 

vector. RMCE is described in Langer et al 2002. Nucleic Acids Res. 30, 3067-3077; Schlake 

15 and Bode 1994. Biochemistry 33, 12746-12751 and Belteki et al 2003. Nat. biotech. 21, 321

324. Suitable recombinase recognition sites are well known in the art, and include FRT, lox 

and attP/attB sites. Preferably the integrating vector is an isotype-encoding vector, where the 

constant regions (preferably including introns) are present in the vector prior to transfer of 

the VH and VL coding pair from the screening vector (or the constant regions are already 

20 present in the screening vector if screening is performed on full-length antibodies). The 

constant regions present in the vector can either be the entire heavy chain constant region 

(CHI to CH3 or to CH4) or the constant region encoding the Fc part of the antibody (CH2 to 
CH3 or to CH4). The light chain Kappa or Lambda constant region may also be present prior to 

transfer. The choice of the number of constant regions present, if any, depends on the 

25 screening and transfer system used. The heavy chain constant regions can be selected from 

the isotypes IgG1, IgG2, IgG3, IgG4, IgAl, IgA2, IgM, IgD and IgE. Preferred isotypes are 

IgG1 and/or IgG3. Further, the expression vector for site-specific integration of the anti-RSV 

antibody-encoding nucleic acid contains suitable promoters or equivalent sequences directing 

high levels of expression of each of the VH and VL chains. Figure 3 illustrates one possible way 

30 to design the expression vector, although numerous other designs are possible.  

The transfer of the selected VH and VL coding pairs from the screening vector can be 

performed by conventional restriction enzyme cleavage and ligation, such that each 

expression vector molecule contain one VH and VL coding pair. Preferably, the VH and VL 
coding pairs are transferred individually, they may, however, also be transferred in-mass if 

35 desired. When all the selected VH and VL coding pairs are transferred to the expression vector 

a collection or a library of expression vectors is obtained. Alternative ways of transfer may 

also be used if desired. If the screening vector is identical to the expression vector, the
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library of expression vectors is constituted of the VH and VL sequence pairs selected during 

screening, which are situated in the screening/expression vector.  

Methods for transfecting a nucleic acid sequence into a host cell are known in the art. To 

ensure site-specific integration, a suitable recombinase must be provided to the host cell as 

5 well. This is preferably accomplished by co-transfection of a plasmid encoding the 

recombinase. Suitable recombinases are for example Flp, Cre or phage cC31 integrase, used 

together with a host cell/vector system with the corresponding recombinase recognition sites.  

The host cell can either be transfected in bulk, meaning that the library of expression vectors 

is transfected into the cell line in one single reaction thereby obtaining a polyclonal cell line.  

10 Alternatively, the collection of expression vectors can be transfected individually into the host 

cell, thereby generating a collection of individual cell lines (each cell line produce an antibody 

with a particular specificity). The cell lines generated upon transfection (individual or 

polyclonal) are then selected for site specific integrants, and adapted to grow in suspension 

and serum free media, if they did not already have these properties prior to transfection. If 

15 the transfection was performed individually, the individual cell lines are analyzed further with 

respect to their grow properties and antibody production. Preferably, cell lines with similar 

proliferation rates and antibody expression levels are selected for the generation of the 

polyclonal cell line. The polyclonal cell line is then generated by mixing the individual cell 

lines in a predefined ratio. Generally, a polyclonal master cell bank (pMCB), a polyclonal 

20 research cell bank (pRCB) and/or a polyclonal working cell bank (pWCB) is laid down from 

the polyclonal cell line. The polyclonal cell line is generated by mixing the individual cell lines 

in a predefined ratio. The polyclonal cell line is distributed into ampoules thereby generating 

a polyclonal research cell bank (pRCB) or master cell bank (pMCB) from which a polyclonal 

working cell bank (pWCB) can be generated by expanding cells from the research or master 

25 cell bank. The research cell bank is primarily for proof of concept studies, in which the 

polyclonal cell line may not comprise as many individual antibodies as the polyclonal cell line 

in the master cell bank. Normally, the pMCB is expanded further to lay down a pWCB for 

production purposes. Once the pWCB is exhausted a new ampoule from the pMCB can be 

expanded to lay down a new pWCB.  

30 One embodiment of the present invention is a polyclonal cell line capable of expressing a 

recombinant polyclonal anti-RSV antibody of the present invention.  

A further embodiment of the present invention is a polyclonal cell line wherein each individual 

cell is capable of expressing a single VH and VL coding pair, and the polyclonal cell line as a 

whole is capable of expressing a collection of VH and VL encoding pairs, where each VH and VL 
35 pair encodes an anti-RSV antibody. Preferably the collection of VH and VL coding pairs are 

cognate pairs generated according to the methods of the present invention.
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A recombinant polyclonal antibody of the present invention is expressed by culturing one 
ampoule from a pWCB in an appropriate medium for a period of time allowing for sufficient 
expression of antibody and where the polyclonal cell line remains stable (The window is 
approximately between 15 days and 50 days). Culturing methods such as fed batch or 

5 perfusion may be used. The recombinant polyclonal antibody is obtained from the culture 
medium and purified by conventional purification techniques. Affinity chromatography 
combined with subsequent purification steps such as ion-exchange chromatography, 
hydrophobic interactions and gel filtration has frequently been used for the purification of 
IgG. Following purification, the presence of all the individual members in the polyclonal 

10 antibody composition is assessed, for example by ion-exchange chromatography. The 
characterization of a polyclonal antibody composition is described in detail in WO 
2006/007853 (PCT/DK2005/000504) (hereby incorporated by reference).  

An alternatively method of expressing a mixture of antibodies in a recombinant host is 
described in WO 04/009618. This method produces antibodies with different heavy chains 

15 associated with the same light chain from a single cell line. This approach may be applicable 
if the anti-RSV rpAb is produced from a combinatorial library.  

Therapeutic compositions 

Another aspect of the invention is a pharmaceutical composition comprising as an active 
ingredient an anti-RSV rpAb or anti-RSV recombinant polyclonal Fab or another anti-RSV 

20 recombinant polyclonal antibody fragment. Preferably, the active ingredient of such a 
composition is an anti-RSV recombinant polyclonal antibody as described in the present 
invention. Such compositions are intended for prevention and/or treatment of RSV infections.  
Preferably, the pharmaceutical composition is administered to a human, a domestic animal, 
or a pet.  

25 The pharmaceutical composition further comprises a pharmaceutically acceptable excipient.  

Anti-RSV rpAb or polyclonal fragments thereof may be administered within a 
pharmaceutically-acceptable diluent, carrier, or excipient, in unit dosage form. Conventional 
pharmaceutical practice may be employed to provide suitable formulations or compositions to 
administer to patients infected with RSV, or to patients who may be at high risk if infected 

30 with RSV. In a preferred embodiment the administration is prophylactic. In another preferred 
embodiment the administration is therapeutic, meaning that it is administered after the onset 
of symptoms relating to RSV infection. Any appropriate route of administration may be 
employed, for example, administration may be parenteral, intravenous, intra-arterial, 
subcutaneous, intramuscular, intraperitoneal, intranasal, aerosol, suppository, or oral 

35 administration. For example, pharmaceutical formulations may be in the form of, liquid 
solutions or suspensions; for oral administration, formulations may be in the form of tablets,
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capsules, chewing gum or pasta, and for intranasal formulations, in the form of powders, 
nasal drops, or aerosols.  

The pharmaceutical compositions of the present invention are prepared in a manner known 

per se, for example, by means of conventional dissolving, lyophilizing, mixing, granulating or 
5 confectioning processes. The pharmaceutical compositions may be formulated according to 

conventional pharmaceutical practice (see for example, in Remington: The Science and 

Practice of Pharmacy (20th ed.), ed. A.R. Gennaro, 2000, Lippincott Williams & Wilkins, 

Philadelphia, PA and Encyclopedia of Pharmaceutical Technology, eds. J. Swarbrick and J. C.  

Boylan, 1988-1999, Marcel Dekker, New York, NY).  

10 Preferably solutions or suspensions of the active ingredient, and especially isotonic aqueous 

solutions or suspensions, are used to prepare pharmaceutical compositions of the present 

invention. In the case of lyophilized compositions that comprise the active ingredient alone or 

together with a carrier, for example mannitol, such solutions or suspensions may, if possible, 

be produced prior to use. The pharmaceutical compositions may be sterilized and/or may 

15 comprise excipients, for example preservatives, stabilizers, wetting and/or emulsifying 

agents, solubilizers, salts for regulating the osmotic pressure and/or buffers, and are 

prepared in a manner known per se, for example by means of conventional dissolving or 

lyophilizing processes. The said solutions or suspensions may comprise viscosity-increasing 

substances, such as sodium carboxymethylcellulose, carboxymethylcellulose, dextran, 

20 polyvinylpyrrolidone or gelatin.  

The injection compositions are prepared in customary manner under sterile conditions; the 

same applies also to introducing the compositions into ampoules or vials and sealing of the 

containers.  

Pharmaceutical compositions for oral administration can be obtained by combining the active 

25 ingredient with solid carriers, if desired granulating the resulting mixture, and processing the 

mixture, if desired or necessary, after the addition of appropriate excipients, into tablets, 
pills, or capsules, which may be coated with shellac, sugar or both. It is also possible for 

them to be incorporated into plastics carriers that allow the active ingredients to diffuse or be 

released in measured amounts.  

30 The pharmaceutical compositions comprise from approximately 1% to approximately 95%, 
preferably from approximately 20% to approximately 90%, active ingredient. Pharmaceutical 

compositions according to the invention may be, for example, in unit dose form, such as in 

the form of ampoules, vials, suppositories, tablets, pills, or capsules. The formulations can be 

administered to human individuals in therapeutically or prophylactically effective amounts 

35 (e.g., amounts which prevent, eliminate, or reduce a pathological condition) to provide 

therapy for a disease or condition. The preferred dosage of therapeutic agent to be 

administered is likely to depend on such variables as the severity of the RSV infection, the
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overall health status of the particular patient, the formulation of the compound excipients, 

and its route of administration.  

Therapeutic uses of the compositions according to the invention 

The pharmaceutical compositions according to the present invention may be used for the 

5 treatment, amelioration or prophylaxis of a disease in a mammal. Conditions that can be 

treated or prevented with the present pharmaceutical compositions include prevention, and 

treatment of patients infected with RSV, or at risk of becoming infected with RSV, in 

particular patients who may be at high risk if infected with RSV. High-risk patients are for 

example infants and small children. In particular premature infants and children with an 

10 underlying problem such as chronic lung disease or congenital heart disease are at the 

greatest risk for serious illness such as bronchiolitis and pneumonia following RSV infection.  

Also high-risk adults, such as immunocompromised adults, particularly bone marrow 

transplant recipients, elderly individuals and individuals with chronic pulmonary disease, can 

preferably be subjected to prophylactic or therapeutic treatment with a pharmaceutical 

15 composition according to the present invention.  

One embodiment of the present invention is a method of preventing, treating or ameliorating 

one or more symptoms associated with a RSV infection in a mammal, comprising 

administering an effective amount of an anti-RSV recombinant polyclonal antibody of the 

present invention to said mammal.  

20 A further embodiment of the present invention is the use of an anti-RSV recombinant 

polyclonal antibody of the present invention for the preparation of a composition for the 

treatment, amelioration or prevention of one or more symptoms associated with a RSV 

infection in a mammal.  

Preferably, the mammal in the embodiments above is a human, domestic animal or a pet.  

25 In a further embodiment the mammal, subject to the method of preventing treating or 

ameliorating one or more symptoms associated with a RSV infection, preferably has a body 

weight above 40 kg.  

In embodiments where the subject is a human, it is preferably a premature infant, a child 

with chronic lung disease or congenital heart disease. In alternative embodiments the human 

30 is an immunocompromised adult, in particularly a bone marrow transplant recipient, an 

elderly individual or an individual with chronic pulmonary disease.  

Diagnostic use 

Another embodiment of the invention is directed to diagnostic kits. Kits according to the 

present invention comprise an anti-RSV rpAb prepared according to the invention which 

35 protein may be labeled with a detectable label or non-labeled for non-label detection. The kit 

may be used to identify individuals infected with RSV.
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Antibody molecules of the present invention and aspects related thereto 

It should be noted that the novel antibody molecules disclosed herein are believed to 

contribute to the state of the art in their own right. Hence, the present invention also relates 

to any one of the antibody molecules disclosed herein as well as to fragments and analogues 

5 of these antibodies, where said fragments or analogues at least incorporate the CDRs of the 

antibodies disclosed herein.  

For instance it has been found by the present inventors that some of the fully human 

antibody molecules which have been isolated from human donors include binding sites that 

exhibit extremely high improved kinetic profiles over known prior art monoclonal antibodies 

10 when it comes to antigen binding. Thus, even though much focus is put on polyclonal 

antibody compositions in the present disclosure, all subject matter relating to utilization of 

polyclonal antibodies set forth herein is also relevant for any one of the single antibody 

molecules disclosed herein - i.e. all disclosures relating to formulation, dosage, 
administration etc. which relate to polyclonal antibody compositions of the present invention 

15 apply mutatis mutandis to the individual antibody molecules, antibody fragments and 

antibody analogues disclosed herein, preferably also the framework sequences.  

Hence, the present invention also relates to an isolated human anti RSV-antibody molecule 

selected from the antibody molecules set forth in Table 5 herein, or a specifically binding 

fragment of said antibody molecule or a synthetic or semi-synthetic antibody analogue, said 

20 binding fragment or analogue comprising at least the complementarity-determining regions 

(CDRs) of said isolated antibody molecule. Often, framework regions from the variable 

regions of the native human antibody will be included too in the fragments or analogues, 

since the antigen specificity of antibodies are known to be dependent on the 3D organisation 

of CDRs and framework regions.  

25 The expression "isolated antibody molecule" is intended to denote a collection of distinct 

antibodies which are isolated from natural contaminants, and which exhibit the same amino 

acid sequence (i.e. identical variable and constant regions).  

Typically, the antibody molecule, fragment or analogue is derived from the antibodies listed 

in Table 8, or includes the heavy chain CDR amino acid sequences included in one of SEQ ID 

30 Nos: 1-44 and in the accompanying light chain CDR amino acid sequences having a SEQ ID 

NO which is 88 higher than the amino acid sequence selected from SEQ ID NOs. 144. This 

means that the antibody molecule, fragment or analogue will include the cognate pairs of 

variable regions found in the same out of the 44 clones discussed above.  

As mentioned above, a number of the present antibody molecules exihibit very high affinities, 
35 so the invention also pertains to an isolated antibody molecule, an antibody fragment or a 

synthetic or semi-synthetic antibody analogue, which comprises CDRs identical to the CDRs 

in an Fab derived from a human antibody, said Fab having a dissociation constant, KD, for the
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RSV G protein of at most 500 nM when measured performing surface plasmon resonance 
analysis on a Biacore 3000, using recombinant RSV G protein immobilized onto the sensor 
surface at very low density to avoid limitations in mass transport. The isolated antibody 
molecule, antibody fragment or synthetic or semi-synthetic antibody typically exhibit a lower 

5 KD Of at most, 400 nM, such as at most 300 nM, at most 200 nM, at most 100 nM, at most 1 
nM, at most 900 pM, at most 800 pM, at most 700, pM, at most 600 pM, at most 500 pM, at 
most 400 pM, at most 300 pM, at most 200 pM, at most 100 pM, at most 90 pM, and at most 
80 pM. Details concerning the Biocore measurements are provided in the examples.  

Another embodiment of the invention relates to an isolated antibody molecule, an antibody 
10 fragment or a synthetic or semi-synthetic antibody, which comprises an antigen binding site 

identical to the antigen binding site in an Fab derived from a human antibody, said Fab 
having a dissociation constant, K0, for the RSV F protein of at most 500 nM when measured 
performing surface plasmon resonance analysis on a Biacore 3000, using recombinant RSV F 
protein immobilized onto the sensor surface at very low density to avoid limitations in mass 

15 transport. This isolated antibody, antibody fragment or synthetic or semi-synthetic antibody 
typically exhibits a KD of at most, 400 nM, such as at most 300 nM, at most 200 nM, at most 
100 nM, at most 1 nM, at most 900 pM, at most 800 pM, at most 700, pM, at most 600 pM, 
at most 500 pM, at most 400 pM, at most 300 pM, at most 200 pM, at most 100 pM, at most 
90 pM, at most 80 pM, at most 70 pM, at most 60 pM, at most 50 pM, at most 40 pM, at 

20 most 30 pM, at most 25 pM at most 20 pM, at most 15 pM, at most 10 pM, at most 9 pM, at 
most 8 pM, at most 7 pM, at most 6 pM, and at most 5 pM.  

A specially useful antibody molecule or specifically binding fragment or synthetic or semi
synthetic antibody analogue comprises the CDRs of a human antibody produced in clone No.  
810, 818, 819, 824, 825, 827, 858 or 894.  

25 As mentioned above, these useful antibody molecules of the present invention may be 
formulated in the same way and for the same applications as the polyclonal formulations of 
the present invention. Hence, the present invention relates to an antibody composition 
comprising an antibody molecule, specifically binding fragment or synthetic or semi-synthetic 
antibody analogue discussed in this section in admixture with a pharmaceutically acceptable 

30 carrier, excipient, vehicle or diluent. The composition may comprise more than one binding 
specificity, and may e.g. include 2 distinct antibody molecules of the invention and/or 
specifically binding fragments and/or synthetic or semi-synthetic antibody analogues of the 
invention. The composition may even comprise at least 3 distinct antibody molecules and/or 
antibody fragments and/or synthetic or semisynthetic antibody analogues, specifically binding 

35 fragments or synthetic or semi-synthetic antibody analogues of the invention, and may 
therefore constitute a composition comprising at 4, 5, 6, 7, 9, 10, 11, 12, 13, 15, 16, 17, 18, 
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 distinct antibody molecules and/or fragments 
and/or synthetic or semi-synthetic antibody analogues.
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Especially interesting compositions include at least one antibody molecule, fragment or 

analogue of the invention which binds the RSV F protein and at least one antibody, fragment 

or analogue of the invention which binds the RSV G protein.  

Also a part of the present invention is an isolated nucleic acid fragment which encodes the 

5 amino acid sequence of at least one CDR defined of an antibody molecule of the present 

invention, such as a nucleic acid fragment, which at least encodes the CDRs of an antibody 

produced by one of the clones listed in table 5. The nucleic acid fragment is typically DNA, 

but can also be RNA.  

Another embodiment is an isolated nucleic acid fragment, which encodes the CDR sequences 

10 of a heavy chain amino acid sequence set forth in any one of SEQ ID NOs 1-44, or an isolated 

nucleic acid fragment, which encodes the CDR sequences of a light chain amino acid 

sequence set forth in any one of SEQ ID NOs 89-132. Preferred nucleic acid fragments of the 

invention encode the CDR sequences of a heavy chain amino acid sequence set forth in any 

one of SEQ ID NOs 1-44 and set forth in the accompanying light chain CDR amino acid 

15 sequences having a SEQ ID NO which is 88 higher than the amino acid sequence selected 

from SEQ ID NOs. 144. This of course means that the nucleic acid fragment will encode the 

cognate pairs of variable regions found in the same out of the 44 clones discussed above. The 

nucleic acidd fragment may therefor include coding sequences comprised in SEQ ID NOs: 45

88 and/or 133-176.  

20 Conveniently the nucleic acid fragments are introduced in a vector, which is also part of the 

present invention. Such a vector may be capable of autonomous replication, and is typically 

selected from the group consisting of a plasmid, a phage, a cosmid, a mini-chromosome, and 

a virus.  

In the event the vector of the invention is an expression vector, it will preferably have the 

25 following outline (cf. also an exemplary vector in Fig. 3): 

- in the 5'->3' direction and in operable linkage at least one promoter for driving expression 

of a first nucleic acid fragment discussed above, which encodes at least one light chain CDR 

together with any necessary framework regions, optionally a nucleic acid sequence encoding 

a leader peptide, said first nucleic acid fragment, optionally a nucleic acid sequence encoding 

30 constant regions of an antibody, and optionally a nucleic acid sequence encoding a first 

terminator, and/or 

- in the 5'-3' direction and in operable linkage at least one promoter for driving expression 

of a second nucleic acid fragment of the invention, which encodes at least one heavy chain 

CDR together with any necessary framework regions, optionally a nucleic acid sequence 

35 encoding a leader peptide, said second nucleic acid fragment, optionally a nucleic acid 

sequence encoding constant regions, and optionally a nucleic acid sequence encoding a 

second terminator.
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Such a vector is especially useful if it can be used to stably transform a host cell, which can 
subsequently be cultured in order to obtain the recombinant expression product. So, the 
preferred vector is one, which, when introduced into a host cell, is integrated in the host cell 
genome.  

5 Hence, the invention also pertains to a transformed cell carrying the vector of the invention 
discussed in this section and also to a stable cell line which carries this vectorand which 
expresses the nucleic acid fragment of the invention discussed in this section. Both the 
transformed cell and the cell line optionally secretes or carries its recombinant expression 
product (i.e. the inventive antibody molecule, antibody fragment or analogue) on its surface.  

10 EXAMPLE 1 

This example is a collection of the methods applied to illustrate the present invention.  

a. Sorting of Lambda-negative plasma blasts from donor blood 

The peripheral blood mononuclear cells (PBMC) were isolated from blood drawn from donors 
using Lymphoprep (Axis Shield) and gradient centrifugation according to the manufacturer's 

15 instructions. The isolated PBMC were either cryopreserved in FCS; 10% DMSO at -150 0C or 
used directly. The B cell fraction was labeled with anti-CD19 antibody and isolated from the 
PBMC fraction using magnetic cell sorting (MACS). The PBMC (1x10 6 cells) were incubated 
with anti-CD19-FITC conjugated antibody (BD Pharmingen) for 20 min at 4*C. Cells were 
washed twice in, and re-suspended in MACS buffer (Miltenyi Biotec). Anti-FITC MicroBeads 

20 (Miltenyi Biotec) were mixed with the labeled cells and incubated for 15 min at 40C. The 
washing procedure was repeated before the cell-bead suspension was applied to a LS MACS 
column (Miltenyi Blotec). The CD19 positive cell fraction was eluted from the column 
according to the manufactures instructions and either stored in FCS-10% DMSO, or single
cell sorted directly.  

25 Plasma blasts were selected from the CD19+ B cell fraction by fluorescence activated cell 
sorting (FACS) based on the expression profile of CD19, CD38, and CD45 cell surface 
proteins. CD19 is a B-cell marker that is also expressed on plasma cell precursors, while 
CD38 is highly expressed on plasma blasts and plasma cells. The plasma blasts apparently 
have a somewhat lower expression of CD19 and CD45 than the rest of the CD19+ cells, which 

30 allows for the separation of a discrete population. The cells were washed in FACS buffer 
(PBS; 1% BSA) and stained for 20 min with anti-CD19-FITC, anti-CD38-APC, anti-Lambda-PE 
(BD Pharmingen). The Lambda-light chain staining was included in order to allow exclusion 
of cells that cannot serve as template for the PCR (see Section c). The stained cells were 
washed and re-suspended in FACS buffer.
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The flow rate of the cells during the FACS was set at approximately 200 events/sec and the 

cell concentration was 5x10 5/ml to obtain a high plasma cell rescue. The following set of 

gates was used. Each gate is a daughter of the former.  

Gate 1: FSC/SSC gate. The lymphocyte population having the highest FSC was selected, 

5 thereby ensuring sorting of living cells.  

Gate 2: SSCh/SSCw. This gate ensured sorting of single cells (doublet discrimination).  

Gate 3: Events representing the plasma blasts were gated in the CD38/CD19 dot plot as 

CD38 High/CD19 intermediate.  

Gate 4: Since the PCR procedure described in Section c only amplifies Kappa light chains, 

10 Lambda-negative events were gated in a Lambda/CD19 dot plot.  

As an alternative or in addition to gate 3, the plasma blasts could also be identified as 

CD38high and CD45intermediate in a CD45/CD38 dot plot. This will require staining of the 

cells with anti-CD45-PerCP.  

The resulting population that fulfilled these four criteria was single-cell sorted into 96-well 

15 PCR plates containing a sorting buffer (see Section c). The plates containing the cells were 

stored at -800C.  

b. ELISpot 

ELISpot was used to estimate the percentage of plasma blasts expressing anti-RSV 

antibodies in obtained cell samples, i.e., PBMC, MACS-purified CD19* cells, or a population of 

20 FACS sorted plasma blasts. 96-well plates with a nitrocellulose surface (Millipore) were 

coated with a solution of 25 pg/mi inactivated RSV Long particles (HyTest). The wells were 

blocked by incubation with RPMI, 2% milk powder and left at 40C for approximately 5 h 

followed by 1 h incubation at 370C. Plates were washed and the cell samples were added in 

RPMI culture medium to each well followed by incubation at standard tissue culture 

25 conditions for 24 h. The secreted RSV-specific antibodies will bind to the immobilized virus 

particles surrounding the antibody producing cell. The cells were removed by washing three 

times in PBS; 0.01% Tween20 and three times in PBS. HRP-conjugated anti-human IgG 
(H+L) (CalTag) and HRP-conjugated anti-human IgA (Serotec) were added and allowed to 

react with the immobilized antibodies for 1 h at 37*C. The washing procedure was repeated 

30 and the chromogen substrate (3-amino-9-ethylcarbazole solubilized in N, N-DMF (di-methyl 

formamide)) was added. The color development was terminated after 4 min by addition of 

H20. Red spots were identified at the sites where antigen-specific antibody-secreting cells 

had been located.
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c. Linkage of cognate VH and VL pairs 

The linkage of VH and VL coding sequences was performed on the single cells obtained as 

described in Section a, facilitating cognate pairing of the VH and VL coding sequences. The 

procedure utilized a two step PCR procedure based on a one-step multiplex overlap-extension 

5 RT-PCR followed by a nested PCR. The primer mixes used in the present example only 

amplify Kappa light chains. Primers capable of amplifying Lambda light chains could, 

however, be added to the multiplex primer mix and nested PCR primer mix if desired. If 
Lambda primers are added, the sorting procedure in Section a should be adapted such that 

Lambda positive cells are not excluded. The principle for linkage of cognate VH and VL 
10 sequences is illustrated in Figure 2.  

The 96-well PCR plates produced in Section a, were thawed and the sorted cells served as 

template for the multiplex overlap-extension RT-PCR. The sorting buffer added to each well 

before the single-cell sorting contained reaction buffer (OneStep RT-PCR Buffer; Qiagen), 

primers for RT-PCR (see Table 2) and RNase inhibitor (RNasin, Promega). This was 

15 supplemented with OneStep RT-PCR Enzyme Mix (25x dilution; Qiagen) and dNTP mix (200 

pM each) to obtain the given final concentration in a 20-p reaction volume.  

The plates were incubated for 30 min at 55*C to allow for reverse transcription of the RNA 

from each cell. Following the RT, the plates were subjected to the following PCR cycle: 10 
min at 940C, 35x(40 sec at 940C, 40 sec at 600C, 5 min at 720C), 10 min at 720 C.  

20 The PCR reactions were performed in H20BIT Thermal cycler with a Peel Seal Basket for 24 

96-well plates (ABgene) to facilitate a high-throughput. The PCR plates were stored at -200C 
after cycling.  

Table 2: RT-PCR multiplex overlap-extension primer mix 

Primer Final Sequence SEQ ID NO: 
name Conc.  

nM 
VH set 
CH-IgG 0.2 GACSGATGGGCCCTTGGTGG 179 
CH-IqA 0.2 GAGTGGCTCCTGGGGGAAGA 180 
VH-1 0.04 TATTCCCATGGCGCGCCCAGRTGCAGCTGGTGCART 181 
VH-2 0.04 TATTCCCATGGCGCGCCSAGGTCCAGCTGGTRCAGT 182 
VH-3 0.04 TATTCCCATGGCGCGCCCAGRTCACCTTGAAGGAGT 183 
VH-4 0.04 TATTCCCATGGCGCGCCSAGGTGCAGCTGGTGGAG 184 
VH-5 0.04 TATTCCCATGGCGCGCCCAGGTGCAGCTACAGCAGT 185 
VH-6 0.04 TATTCCCATGGCGCGCCCAGSTGCAGCTGCAGGAGT 186 
VH-7 0.04 TATTCCCATGGCGCGCCGARGTGCAGCTGGTGCAGT 187 
VH-8 0.04 TATTCCCATGGCGCGCCCAGGTACAGCTGCAGCAGTC 188 
LC set 
CK1 0.2 ATATATATGCGGCCGCTrATAACACTCTCCCCTGTTG 189 
VL-1 0.04 GGCGCGCCATGGGAATAGCTAGCCGACATCCAGWTGACCCAGTCT 190 
VL-2 0.04 GGCGCGCCATGGGAATAGCTAGCCGATGTTGTGATGACTCAGTCT 191 
VL-3 0.04 GGCGCGCCATGGGAATAGCTAGCCGAAATTGTGWTGACRCAGTCT 192 
VL-4 0.04 GGCGCGCCATGGGAATAGCTAGCCGATATTGTGATGACCCACACT 193 
VL-5 0.04 GGCGCGCCATGGGAATAGCTAGCCGAAACGACACTCACGCAGT 194 
VL-6 0.04 GGCGCGCCATGGGAATAGCTAGCCGAAATTGTGCTGACTCAGTCT 195 
W=A/T, R=A/G, S=G/C
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For the nested PCR step, 96-well PCR plates were prepared with the following mixture in 
each well (20-pl reactions) to obtain the given final concentration: 1x FastStart buffer 
(Roche), dNTP mix (200 pM each), nested primer mix (see Table 3), Phusion DNA 
Polymerase (0.08 U; Finnzymes) and FastStart High Fidelity Enzyme Blend (0.8 U; Roche).  

5 As template for the nested PCR, 1 pl was transferred from the multiplex overlap-extension 
PCR reactions. The nested PCR plates were subjected to the following PCR cycle: 35x(30 sec 
at 950C, 30 sec at 60 0C, 90 sec at 720C), 10 min at 720C.  

Randomly selected reactions were analyzed on a 1% agarose gel to verify the presence 
of an overlap-extension fragment of approximately 1070 bp.  

10 The plates were stored at -200C until further processing of the PCR fragments.  

Table 3: Nested primer set 

Primer Final Sequence SEQ 
name Conc. ID 

nM 
CK2 0.2 ACCGCCTCCACCGGCGGCCGCTTATTAACACTCTCCCCTGTTGAAGCTCTT 196 
PJ 1-2 0.2 GGAGGCGCTCGAGACGGTGACCAGGGTGCC 197 
PJ 3 0.2 GGAGGCGCTCGAGACGGTGACCATTGTCCC 198 
PJ 4-5 0.2 GGAGGCGCTCGAGACGGTGACCAGGGTrCC 199 
PJ 6 0.2 GGAGGCGCTCGAGACGGTGACCGTGGTCCC 200 

d. Insertion of cognate VH and VL coding pairs into a screening vector 

In order to identify antibodies with binding specificity to RSV particles or antigens, the VH and 
15 VL coding sequences obtained as described in Section c were expressed as full-length 

antibodies. This involved insertion of the repertoire of VH and VL coding pairs into an 
expression vector and transformation into a host cell.  

A two-step cloning procedure was employed for generation of a repertoire of expression 
vectors containing the linked VH and VL coding pairs. Statistically, if the repertoire of 

20 expression vectors contains ten times as many recombinant plasmids as the number of 
cognate paired VH and VL PCR products used for generation of the screening repertoire, there 
is 99% likelihood that all unique gene pairs are represented. Thus, if 400 overlap-extension 
V-gene fragments were obtained in Section c, a repertoire of at least 4000 clones was 
generated for screening.  

25 Briefly, the repertoires of linked VH and VL Coding pairs from the nested PCR in Section c were 
pooled (without mixing pairs from different donors). The PCR fragments were cleaved with 
XhoI and NotI DNA endonucleases at the recognition sites introduced into the termini of PCR 
products. The cleaved and purified fragments were ligated into an XhoI/NotI digested 
mammalian IgG expression vector (Figure 3) by standard ligation procedures. The ligation 

30 mix was electroporated into E. co/i and added to 2xYT plates containing the appropriated
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antibiotic and incubated at 370 C over night. The amplified repertoire of vectors was purified 

from cells recovered from the plates using standard DNA purification methods (Qiagen). The 

plasmids were prepared for insertion of promoter-leader fragments by cleavage using AscI 

and NheI endonucleases. The restriction sites for these enzymes were located between the VH 

5 and VL coding gene pairs. Following purification of the vector, an AscI-NheI digested bi
directional mammalian promoter-leader fragment was inserted into the AscI and NheI 

restriction sites by standard ligation procedures. The ligated vector was amplified in E. coli 

and the plasmid was purified using standard methods. The generated repertoire of screening 

vectors was transformed into E. coli by conventional procedures. Colonies obtained were 
10 consolidated into 384-well master plates and stored. The number of arrayed colonies 

exceeded the number of input PCR products by at least 3-fold, thus giving 95% percent 
likelihood for presence of all unique V-gene pairs obtained in Section c.  

e. Screening 

The bacterial colonies arrayed in Section d were inoculated into culture medium in similar 
15 384-well plates and grown overnight. DNA for transfection was prepared from each well in 

the cell culture plate. The day prior to transfection 384-well plates were seeded with CHO 
Flp-In cells (Invitrogen) at 3000 cells/well in 20 p culture medium. The cells were 

transfected with the DNA using Fugene6 (Roche) according to the manufactures instructions.  

After 2-3 days incubation the full-length antibody-containing supernatants were harvested 

20 and stored for screening purposes.  

Screening was performed using the Applied Biosystems 8200 FMAT T
4 System, a 

homogeneous bead-based soluble capture FLISA (fluorescent linked immunosorbent assay) 

(Swartzman et al. 1999, Anal. Biochem. 271:143-151). A number of antigens, including virus 

particles, recombinant G protein and biotinylated peptides derived from RSV antigens, were 

25 used for the screening. The peptides were derived from the conserved region (amino acids 

164-176) and the cystein core region (amino acids 171-187, strain Long and 18537) of the G 
protein and the extracellular region of the SH-protein (amino acids 42-64 of the A2 strain and 

42-65 of the 18537 strain). Inactivated virus particles of RSV strain Long (HyTest) were 

immobilized on polystyrene beads by incubating 300 pl 5% w/v beads (6.79 pm diameter, 
30 Spherotech Inc.) with 300 pi virus stock (protein concentration: 200 pg/ml). Soluble 

recombinant G protein (amino acids 66-292 of the 18537 strain sequence) was similarly 

immobilized directly on polystyrene beads, whereas the biotinylated peptides were captured 

on precoated streptavidin polystyrene beads (6.0-8.0 pm diameter, Gerlinde Kisker) at 

saturating concentrations. The coating mixture was incubated overnight and washed twice in 

35 PBS. Beads were re-suspended in 50 ml PBS containing 1% bovine serum albumin (PBS/BSA) 

and 5 pl goat-anti-human IgG Alexa 647 conjugate (Molecular probes). Ten pl of re

suspended coating mixture was added to 20 pl antibody-containing supernatant in FMAT-
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compatible 384-well plates and incubated for approximately 12 h, after which the 
fluorescence at the bead surface in individual wells was measured. A fluorescence event was 
recognized as positive if its intensity was at least six standard deviations above the 
background baseline.  

5 The clones resulting in primary hits were retrieved from the original master plates and 
collected in new plates. DNA was isolated from these clones and submitted for DNA 
sequencing of the V-genes. The sequences were aligned and all the unique clones were 
selected.  

The selected clones were further validated. Briefly, 2x10 6 Freestyle 293 cells (Invitrogen) 
10 were transfected with 1.7 pg DNA from the selected clones and 0.3 pg pAdVAntage plasmid 

(Promega) in 2 ml Freestyle medium (Invitrogen) according to the manufacturers' 
instructions. After two days, supernatants were tested for IgG expression and reactivity with 
the different antigens used for the primary screening as well as recombinant purified F 
protein and an E. coi produced fragment of the G protein (amino acids 127-203 of the 18537 

15 strain sequence) by FLISA and/or ELISA. Antibody supernatants were tested in serial 
dilutions allowing for a ranking of clones according to antigen reactivity.  

f. Clone repair 

When using a multiplex PCR approach as described in Section c, a certain degree of intra
and inter-V-gene family cross-priming is expected due to the high degree of homology. The 

20 cross-priming introduces amino acids that are not naturally occurring in the immunoglobulin 
framework with several potential consequences, e.g. structural changes and increased 
immunogenicity, all resulting in a decreased therapeutic activity.  

In order to eliminate these drawbacks and to ensure that selected clones mirror the natural 
humoral immune response, such cross-priming mutations were corrected in a process called 

25 clone repair.  

In the first step of the clone repair procedure, the VH sequence was PCR amplified with a 
primer set containing the sequence corresponding to the VH-gene the clone of interest 
originated from, thereby correcting any mutations introduced by cross-priming. The PCR 
fragment was digested with XhoI and AscI and ligated back into the XhoI/AscI digested 

30 mammalian expression vector (Figure 3) using conventional ligation procedures. The ligated 
vector was amplified in E. coli and the plasmid was purified by standard methods. The VH 
sequence was sequenced to verify the correction and the vector was digested with NheI/NotI 
to prepare it for insertion of the light chain.  

In the second step the complete light chain was PCR amplified with a primer set containing 
35 the sequence corresponding to the VL-gene the clone of interest originated from, thereby 

correcting any mutations introduced by cross-priming. The PCR fragment was digested with
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NheI/NotI and ligated into the VH containing vector prepared above. The ligation product was 

amplified in E. coli and the plasmid was purified by standard methods. Subsequently, the 

light chain was sequenced to verify the correction.  

In the case where the Kappa constant region of a selected clone contained mutations, 

5 introduced during the amplification of the genes as described in Section c, it was replaced by 

an unmutated constant region. This was done in an overlap PCR where the repaired VL-gene 

(amplified without the constant region) was fused to a constant region with correct sequence 

(obtained in a separate PCR). The whole sequence was amplified and cloned into the VH 

containing vector as described above and the repaired light chain was sequenced to verify the 

10 correction.  

g. Generation of a polyclonal cell line 

The generation of a polyclonal expression cell line producing a recombinant polyclonal 

antibody is a multi-step procedure involving the generation of individual expression cell lines 

which each express a unique antibody from a single VH and VL gene sequence. The polyclonal 

15 cell line is obtained by mixing the individual cell lines and distributing the mixture into 

ampoules thereby generating a polyclonal research cell bank (pRCB) or master cell bank 

(pMCB) from which a polyclonal working cell bank (pWCB) can be generated by expanding 

cells from the research or master cell bank. Generally, the polyclonal cell lines from the pRCB 

are used directly without generating a pWCB.  

20 The individual steps in the process of generating a polyclonal cell line are described below.  

g-1 Transfection and selection of mammalian cell lines 

The Fip-In CHO cell line (Invitrogen) was used as starting cell line. In order to obtain a more 

homogenous cell line the parental Fip-In CHO cell line was sub-cloned by limited dilution and 

several clones were selected and expanded. Based on growth behavior one clone, CHO-Fip-In 

25 (019), was selected as starting cell line. The CHO-Flp-In (019) cells were cultured as 

adherent cells in HAM-F12 with 10% fetal calf serum (FCS).  

The individual plasmid preparations each containing a selected and repaired VH and VL coding 

pair obtained in Section f, were co-transfected with Flp recombinase encoding plasmid into 

~19x10 6 CHO-Flp-In (019) cells (for further details, see WO 04/061104) in a T175 flask using 

30 Fugene6 (Roche). Cells were trypsinated after 24 h and transferred to a 2-layer (1260 cm2) 

cell factory (Nunc). Recombinant cell lines were selected by culturing in the presence of 500 

pg/ml Geneticin, which was added 48 h after transfection. Approximately two weeks later 

clones appeared. Clones were counted and cells were trypsinated and hereafter cultured as 

pools of clones expressing one of the RSV-specific antibodies.
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g-2 Adaptation to serum free suspension culture 

The individual adherent anti-RSV antibody expressing cell cultures were trypsinated, 

centrifuged and transferred to separate shaker flasks (250 ml) with 1.15x10 6 cells/mI in 

appropriate serum free medium (Excell302, JRH Biosciences; 500 pg/ml Geneticin, anti

5 clumping agent (1:250) and 4 mM L-glutamin). Growth and cell morphology were followed 

over several weeks. After 4-6 weeks the cell lines usually showed good and stable growth 

behavior with doubling times below 30 h and the adapted individual cell lines were then 

cryopreserved in multiple ampoules.  

The individual antibodies expressed during adaptation were purified from the supernatants 

10 using the method described in Section i). The purified antibody was used for the 

characterization of antigen specificity and biochemical properties as described below.  

g-3 Characterization of cell lines 

All the individual cell lines were characterized with respect to antibody production and 

proliferation. This was performed with the following assays: 

15 Production: 

The production of recombinant antibodies of the individual expression cell lines were followed 

during the adaptation by Kappa specific ELISA. ELISA plates were coated overnight with 

goat-anti-human Fc purified antibody (Serotec) in carbonate buffer, pH 9.6. Plates were 

washed 6 times with washing buffer (PBS; 0.05% Tween 20) and blocked by incubation for 1 

20 h in washing buffer containing 2% skim milk. Cell culture media supernatants were added 

and the incubated extended for 1 h. Plates were washed 6 times in washing buffer and 

secondary antibodies (goat-anti-human Kappa HRP, Serotec) were added and the incubation 

repeated. After vigorous washing the ELISA was developed with TMB substrate and reaction 

stopped by addition of H2SO4. Plates were read at 450 nm.  

25 Further, intracellular staining was used to determine the general expression level as well as 

to determine the homogeneity of the cell population in relation to expression of recombinant 

antibody. 5x105 cells were washed in cold FACS buffer (PBS; 2% FCS) before fixation by 

incubation in CellFix (BD-Biosciences) for 20 min. Cells were pelleted and permeabilized in ice 

cold methanol for 10 min and washed twice in FACS buffer. The suspension was fluorescently 

30 tagged antibody (Goat F(ab') 2 Fragment, Anti-human IgG(H+L)-PE, Beckman Coulter) was 

added. After 20 min on ice the cells were washed and re-suspended in FACS buffer followed 

by FACS analysis.  

Proliferation: 

Aliquots of the cell suspensions were taken two to three times a week and cell number, cell 

35 size and viability was determined by Vi-Cell XR (Cell viability analyzer, Beckman Coulter)
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analysis. The doubling time for the cell cultures was calculated using the cell numbers derived 
from Vi-Cell measurements.  

g-4 Characterization of the antigen specificity of the individual antibodies 

The antigen and epitope specificity of the individually expressed antibodies was assessed in 
5 order to allow for the generation of an anti-RSV rpAb with a well-characterized specificity. As 

already described in Section e, the antibodies identified during screening were validated by 
assessing their binding specificity to single RSV antigens (recombinant G protein, 
recombinant or purified F protein) or peptide fragments thereof (conserved region and 
cystein-core motif of protein G, subtype A and B, and the extracellular domain of SH protein, 

10 subtype A and B) by FLISA, ELISA and surface plasmon resonance (SPR; Biacore). The 
epitope specificities were determined in ELISA by competition with well-characterized 
commercial antibodies, some of which are shown in Table 4. Not necessarily all the antibodies 
shown in Table 4 were used in the characterization of each individual antibody of the present 
invention, and potentially other antibodies or antibody fragments which have been 

15 characterized with respect to the antigen, antigenic site and/or epitope they bind may 
also be used. Briefly, the antibodies or antibody fragments used for epitope blocking were 
incubated with the immobilized antigen (RSV Long particles, HyTest) in large excess, i.e.  
concentrations 100 times the ones giving 75% maximum binding, as determined 
empirically (Ditzel et al., J. Mol. Biol. 1997, 267:684-695). Following washing, the individual 

20 antibody clones were incubated with the blocked antigen at various concentrations and any 
bound human IgG was detected using a Goat-anti-Human HRP conjugate (Serotec) 
according to standard ELISA protocols. Epitope specificities were further characterized by 
pair-wise competition between different antibody clones in Biacore using saturating 
concentrations (empirically determined) of both blocking and probing antibodies. Purified F or 

25 G protein immobilized by direct amine coupling (Biacore) was used as antigen. In both the 
ELISA- and Biacore-based epitope mapping, the reduced binding following epitope blocking 
was compared to the uncompeted binding.  

Table 4: Monoclonal antibodies for epitope mapping of anti-F and anti-G antibodies 

MAb/Fab Antigen Antigenic Site Epitope (aa) Ref.  
131-2a F F1 Fla 1,2 
9C5 F F1 Fla 5 
92-11c F F1 Fib 1,2 
102-10b F F1 Fic 1,2 
133-1h F C F2 1,2,3 
130-8f F C F2 (241/421) 1,2,3,4 
143-6c F A/II F3 1,2,3 
Palivizumab F A/II (272) 8 
1153 F A/II (262) 3,4 
1142 F A/II 3 
1200 F A/II (272)| 2,4
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MAb/Fab Antigen Antigenic Site Epitope (aa) Ref.  
1214 F A/II (276) 3,4 
1237 F A/II (276) 3,4 
1129 F A/II (275) 3,4 
1121 F A/I 3 
1112 F B/I (389) 3,6 
1269 F B/I (389) 3,6 
1243 F C (241/421) 3,6 
Fab 19 F A/II (266) 7 
RSVF2-5 F IV (429) 4 
Mab19 F IV (429) 12 
7.936 F V (432-447) 13 
9.432 F VI (436) 13 
63-10f G (A) G11 GCRR (A171-187) 1,2 
130-6d G (A) G12 (A174-214) 1,2,9 
131-2g G (A+B) G13 (150-173) 1,2,9 
143-5a G (A+B) G5a 2 
L9 G (A+B) A1/B1 Conserved (164-176) 14,15 
8C5 G ND 5 
1C2 G (A) ND GCRR (A172-188) 10,11 
3F4 G (A) ND 10,11 

4G4 G (A) ND GCRR (A172-188) 10,11 

The column "Antigen" indicates the RSV associated antigen bound by the Mab/Fab, and if a 

subtype specificity is known this is indicated in (). The column "Epitope (aa)" indicates the 

name of the epitope recognized by the MAb/Fab, further in () amino acid positions resulting 

5 in RSV escape mutants, or peptides/protein fragments towards which binding has been show, 

are indicated. The numbered references (Ref.) given in Table 4 correspond to: 

1. Anderson et al., J. Clin. Microbiol. 1986, 23:475-480.  

2. Anderson et al., J. Virol. 1988, 62:1232-4238.  
3. Beeler & van Wyke Coelingh, J. Virol. 1989, 63:2941-2950.  

10 4. Crowe et al., JID 1998, 177:1073-1076.  
5. Sominina et al., Vestn Ross Akad Med Nauk 1995, 9:49-54.  

6. Collins et al., Fields Virology, p. 1313-1351.  

7. Crowe et al., Virology 1998, 252:373-375.  
8. Zhao & Sullender, J. Virol. 2004, 79:3962-3968.  

15 9. Sullender, Virology 1995, 209:70-79.  
10. Morgan et al., J. Gen. Virol. 1987, 68:2781-2788.  

11. McGill et al., J. Immunol. Methods 2005, 297:143-152.  

12. Arbiza et al., J. Gen. Virol. 1992, 73:2225-2234.  

13. Lopez et al. J. Virol. 1998, 72:6922-6928.  

20 14. Walsh et al., J. Gen. Virol. 1989, 70:2953-2961.  

15. Walsh et al., J. Gen. Virol. 1998, 79:479-487.
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Furthermore, the antibody clones were also characterized in terms of binding to human 

laryngeal epithelial HEp-2 cells (ATCC CLL-23) infected with different RSV strains (Long and 

B1) by FACS. Briefly, HEp-2 cells were infected with either the RSV Long (ATCC number VR

26) strain or the RSV B1 (ATCC number VR-1400) strain in serum-free medium at a ratio of 

5 0.1 pfu/cell for 24 (Long strain) or 48 h (BI strain). Following detachment and wash the cells 

were dispensed in 96-well plates and incubated with dilutions (4 pM-200 pM) of the individual 

anti-RSV antibodies for 1 h at 370C. The cells were fixed in 1% formaldehyde and cell 

surface-bound antibody was detected by incubation with goat F(ab) 2 anti-human IgG-PE 

conjugate (Beckman Coulter) for 30 min at 40C. Binding to mock-infected HEp-2 cells was 

10 similarly analyzed. Selected clones identified as protein G-specific were also tested for cross

reactivity with recombinant human fractalkine (CX3CL1; R&D systems) by ELISA. Anti-human 

CX3CL1/Fractalkine monoclonal antibody (R&D systems) was used as a positive control.  

g-5 Characterization of binding kinetics of the individual antibodies 

Kinetic analysis of the antibodies of the invention was performed using surface plasmon 

15 resonance analysis on a Biacore 3000 (Biacore AB, Uppsala, Sweden), using recombinant 

antigens immobilized onto the sensor surface at very low density to avoid limitations in mass 

transport. The analysis was performed with Fab fragments prepared from individual antibody 

clones using the ImmunoPure Fab preparation Kit (Pierce). Briefly, a total of 200 resonance 

units (RU) recombinant protein F or a total of 50 RU recombinant protein G was conjugated 

20 to a CM5 chip surface using the Amine Coupling Kit (Biacore) according to the manufacturer's 

instructions. The Fab fragments were injected over the chip surface in serial dilutions, 

starting at an optimized concentration that did not result in RUmax values above 25 when 

tested on the chip with immobilized protein. The association rate constant (ka) and 

dissociation constant (kd) were evaluated globally using the predefined 1:1 (Langmuir) 

25 association and dissociation models in the BIAevaluation 4.1 software (BlAcore).  

By performing the kinetic analyses on Fab fragments, it is ensured that the data obtained 

truly reflects the binding affinities towards RSV protein. If one used complete antibodies, the 

data would reflect binding avidities, which cannot readily be translated into a meaningful 

measure of the exact nature of the antibodies' binding characteristics vs. the antigen.  

30 g-6 Characterization of the biochemical properties of individual antibodies 

Heterogeneity is a common phenomenon in antibodies and recombinant proteins. Antibody 

modifications typically occur during expression, e.g. a post-translational modifications like N

glycosylation, proteolytic fragmentation, and N- and C-terminal heterogeneity resulting in 

size or charge heterogeneity. In addition, modifications like methionine oxidation and 

35 deamidation can occur during subsequent short or long term storage. Since these parameters
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need to be well-defined for therapeutic antibodies, they were analyzed prior to the generation 
of the polyclonal cell line.  

The methods used for characterization of purified individual antibodies (see Section i) 
included SDS-PAGE (reducing and non-reducing conditions), weak cation exchange 

5 chromatography (IEX), size exclusion chromatography (SEC), and RP-HPLC (reducing and 
non-reducing conditions). The SDS-PAGE analysis under reducing and non-reducing 
conditions and SEC indicated that the purified antibodies were indeed intact with minute 
amounts of fragmented and aggregated forms. IEX profile analysis of the purified antibodies 
resulted in profiles with single peaks or chromatograms with multiple peaks, indicating 

10 charge heterogeneity in these particular antibodies. Antibody preparations resulting in 
multiple peaks in the IEX analysis and/or aberrant migration of either the light or heavy chain 
in SDS gels, or unusual RP-HPLC profiles were analyzed in detail for intact N-termini by N
terminal sequencing and for heterogeneity caused by differences in the oligosaccharide 
profiles. In addition, selected antibodies were analyzed for the presence of additional N

15 glycosylation sites in the variable chains using enzymatic treatment and subsequent SDS
PAGE analysis.  

g-7 Establishment of a polyclonal cell line for anti-RSV recombinant polyclonal antibody 
production 

From the collection of established expression cell lines, a subset is selected to be mixed for 
20 the generation of a polyclonal cell line and the polyclonal research/master cell bank 

(pRCB/pMCB). The selection parameters can be defined according to the use of the polyclonal 
antibody to be produced from the polyclonal cell line and the performance of the individual 
cell lines. Generally the following parameters are considered: 

* Cell line characteristics; to optimize the stability of the polyclonal cell line, individual 
25 cell lines with doubling times between 21 and 30 hours and antibody productivity above 

1 pg/cell/day are preferred.  

" Reactivity; the antigens/antigenic sites and epitopes which the anti-RSV rpAb shall 
exert reactivity against are carefully considered.  

* Protein chemistry; preferably antibodies with well-defined biochemical characteristics 
30 are included in the final anti-RSV rpAb.  

The selected individual cell lines each expressing a recombinant anti-RSV antibody are 
thawed and expanded at 370C in serum free medium in shaker flasks to reach at least 4x108 

cells of each clone having a population doubling time of 21-34 hours. The viabilities are 
preferably in the range of 93% to 96%. The polyclonal cell line is prepared by mixing 2x10 6 

35 cells from each cell line. The polyclonal cell line is distributed into freeze ampoules containing 
5.6x10 7cells and cryopreserved. This collection of vials with a polyclonal cell line is termed



WO 2007/101441 PCT/DK2007/000113 

45 

the polyclonal research/master cell bank (pRCB/pMCB) from which the polyclonal working cell 
bank (pWCB) can be generated by expanding one ampoule from the pRCB/pMCB to reach a 
sufficient number of cells to lay down a polyclonal working cell bank (pWCB) of approximately 
200 ampoules with the same cell density as the ampoules of the pRCB/pMCB. Samples from 

5 the cell banks are tested for mycoplasma and sterility.  

h. Expression of a recombinant polyclonal anti-RSV antibody 

Recombinant polyclonal anti-RSV antibody batches are produced in 5 liter bioreactors 
(B.Braun Biotech International, Melsungen, Germany). Briefly, vials from the pRCB or pWCB 
are thawed and expanded in shaker flasks (Corning). Cells in seed train are cultured in ExCell 

10 302 medium with G418 and with anti-clumping agent at 370C; 5% C02. The bioreactors are 
inoculated with 0.6x10 6 cells/ml suspended in 3 1 ExCell 302 medium without G418 and 
without anti-clumping agent. The cell numbers/viable cells are monitored daily by CASY or 
ViCell counting. At 50 h, 2000 ml ExCell 302 medium is supplemented and after 92 h a 
temperature downshift from 370C to 32*C is performed. The cell culture supernatant is 

15 harvested after 164 h and subjected to purification as described in Section i).  

i. Purification of individual anti-RSV antibodies and polyclonal anti-RSV antibodies 

The antibodies expressed as described in Section g.g-2 and h, all of the IgG1 isotype, were 
affinity purified using a MabSelect SuRe column (Protein-A). The individual antibodies 
interacted with immobilized Protein A at pH 7.4, whereas contaminating proteins were 

20 washed from the column. The bound antibodies were subsequently eluted from the column 
by lowering of the pH to 2.7. The fractions containing antibodies, determined from 
absorbance measurements at 280 nm, were pooled and buffer changed using a G-25 column 
into 5 mM sodium acetate, 150 mM NaCl, pH 5 and stored at -200C.  

j. In vitro neutralization assays 

25 j-1 Preparation of live RSV for in vitro use 

Human laryngeal epithelial HEp-2 cells (ATCC CLL-23) were seeded in 175 cm2 flasks at 
1x10 7 cells/flask. The cells were infected with either the RSV Long (ATCC number VR-26), the 
RSV BI (ATCC number VR-1400) or the RSV B Wash/18537 (Advanced Biotechnologies Inc.) 
strain in 3 ml serum-free medium at a ratio of 0.1 pfu/cell. Cells were infected for 2 h at 

30 370C; 5% CO2 followed by addition of 37 ml of complete MEM medium. Cells were incubated 
until cytopathic effects were visible. The cells were detached by scraping and the media and 
cells were sonicated for 20 sec and aliquoted, snap frozen in liquid nitrogen and stored at 
800C.
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j-2 Plaque reduction neutralization test (PRNT) 

HEp-2 cells were seeded in 96-well culture plates at 2x10 4 cells/well, and incubated overnight 
at 370C; 5% C02. The test substances were diluted in serum-free MEM and allowed to pre
incubate with RSV in the absence or presence of complement (Complement sera from rabbit, 

5 Sigma) for 30 min at 370C. This mixture was applied to the monolayer of HEp-2 cells and 
incubated for 24 h at 370C; 5% CO2. The cells were fixed with 80% acetone; 20% PBS for 20 
min. After washing, biotinylated goat anti-RSV antibody (AbD Serotec) was added (1:200) in 
PBS with 1% BSA and incubated for 1 h at room temperature. After washing, HRP-avidin was 
added and allowed to incubate for 30 min. Plaques were developed by incubation with 3

10 amino-9-ethylcarbazole (AEC) substrate for 25 min (RSV Long) or 45 min (RSV B1). Plaques 
were counted in a Bioreader (Bio-Sys GmbH). EC50 values (effective concentrations required 
to induce a 50 % reduction in the number of plaques) were calculated where applicable to 
allow for a comparison of the potencies.  

j-3 Fusion inhibition assay 

15 The fusion inhibition assay was essentially performed as the plaque reduction neutralization 
assay except that RSV was allowed to infect before addition of test substances. In practice, 
virus was added in serum-free medium to the mono-layer of HEp-2 cells for 1.5 h.  
Supernatants were removed and test substances were added in complete MEM medium with 
or without complement (Complement sera from rabbit, Sigma). The plates were incubated 

20 overnight and processed as described above for the plaque reduction neutralization assay.  

j-4 Microneutralization assay 

In addition to the PRNT and fusion inhibition assay described in Sections j-2 and j-3, a 
microneutralization assay based on the detection of RSV proteins was employed for the 
determination of RSV neutralization and fusion inhibition.  

25 For the neutralization test, the test substances were diluted in serum-free MEM and allowed 
to pre-incubate with RSV in the absence or presence of complement (Complement sera from 
rabbit, Sigma) in 96-well culture plates for 30 min at room temperature. Trypsinated HEp-2 
cells were added at 1.5x10 4 cells/well, and incubated for 2-3 days at 370C; 5% CO2. The 
cells were washed and fixed with 80% acetone; 20% PBS for 15 minutes at 40C and dried.  

30 The plates were then blocked with PBS with 0.5% gelatin for 30 min at room temperature 
and stained with a pool of murine monoclonal antibodies against RSV proteins (NCL-RSV3, 
Novocastra), diluted 1:200 in PBS with 0.5% gelatin and 0.5% Tween-20, for 2 h at room 
temperature. After washing, Polyclonal Rabbit anti-mouse Immunoglobulin HRP-conjugate 
(P0260; DakoCytomation), diluted 1:1000 in PBS with 0.5% gelatin and 0.5% Tween-20 was 

35 added and allowed to incubate for 2 h at room temperature. The plates were washed and
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developed by addition of ortho-phenylendiamine. The reaction was stopped by addition of 

H2SO4 and the plates were read in an ELISA plate reader at 490 nm.  

The fusion inhibition assay was essentially performed as the microneutralization test with the 

exception that virus was added to cells and incubated for 1.5 h at 370C; 5% CO2 before the 

5 test substances, diluted in complete MEM, were added. The plates were incubated for 2-3 

days at 370C; 5% CO2 and developed as described above.  

k. In vivo protection assays 

k-1 Mouse challenge model 

7-8-weeks old female BALB/c mice were inoculated intraperitoneally with 0.2 ml antibody 

10 preparation on day -1 of study. Placebo treated mice were similarly inoculated i.p. with 0.1 

ml PBS buffer. On day 0 of study, the mice were anesthetized using inhaled isofluorane and 

inoculated intranasally with 10-6-10-7 pfu of RSV strain A2 in 50 pl or with cell lysate (mock 

inoculum). Animals were allowed 30 seconds to aspirate the inoculum whilst held upright 

until fully recovered from the anaesthesia.  

15 Five days after challenge, the mice were killed with an overdose of sodium pentobarbitone. At 

post-mortem, blood was obtained by exsanguination from the axillary vessels for preparation 

of sera. Lungs were removed and homogenized in 2.5 ml buffer with sterile sand. Lung 

homogenates were centrifuged to sediment sand and cell debris and supernatants were 

aliquoted and stored at -700C.  
20 The virus load was determined by quantification of the number of RSV RNA copies in the lung 

samples using reverse transcriptase (RT-) PCR. RNA was extracted from the lung 

homogenate samples using the MagNA Pure LC Total Nucleic Acid kit (Roche Diagnostics) 

automated extraction system according to the manufacturer's instructions. Detection of RSV 

RNA was performed by single-tube real-time RT-PCR using the LightCycler instrument and 

25 reagents (Roche Diagnostics) with primers and fluorophore-labeled probes specific for the N 

gene of RSV subtype A as described by Whiley et al. (J. Clinical Microbiol. 2002, 40: 4418

22). Samples with known RSV RNA copy numbers were similarly analyzed to derive a 

standard curve.  

The levels of different cytokines and chemokines in lung tissue samples were determined by 

30 a commercial multiplexed immunoassay at Rules-Based Medicine (Austin, TX) using their 

rodent multi-analyte profile (MAP).  

k-2 Cotton rat challenge model 

6-8-weeks old female cotton rats (Sigmodon hispidus) are inoculated intraperitoneally with 

0.5 ml antibody preparation or placebo (PBS) on day -1 of study. 24 hours later, the animals 

35 are lightly anaesthetised with isofluorane and given an intranasal challenge of 10-6-107 pfu
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RSV strain A2 or control medium (mock inoculum). A total volume of 100 pl inoculum is 

administered and distributed evenly to both nares. After completion of the intranasal 

challenge each animal is held in the upright position for a minimum of 30 seconds to allow 

full inspiration of the inoculum. Five days after challenge, the animals are killed by lethal 

5 intraperitoneal injection of pentobarbitone and exsanguinated by cardiac puncture. Serum 

samples are obtained and frozen at -800C and each animal is dissected under aseptic 

conditions for removal of lungs and nasal tissue. The tissue samples are homogenized and 

the supernatants stored in aliquots at -800C.  

The virus load in the tissue samples is determined by quantification of the number of RSV 

10 RNA copies by a Taq-Man real-time assay based on the method of Van Elden et al. (J Clin 

Microbiol. 2003, 41(9):4378-4381). Briefly, RNA is extracted from the lung homogenate 

samples using the RNeasy (Qiagen) method according to the manufacturer's instructions. The 

extracted RNA is reverse transcribed into cDNA and subsequently amplified by PCR using the 

Superscript III Platinum One Step Quantitative RT-PCR System (Invitrogen) with primers and 

15 labelled probes specific for the N gene of RSV subtype A. Samples with known RSV 

concentrations are similarly analyzed to derive a standard curve.  

EXAMPLE 2 

In the present Example the isolation, screening, selection and banking of clones containing 

cognate VH and VL pairs expressed as full-length antibodies with anti-RSV specificity was 

20 illustrated.  

Donors 

A total of 89 donors were recruited among the employees and parents of the children who 

were hospitalized at the Department of Paediatrics at Hvidovre Hospital (Denmark) during 

the RSV season. A initial blood sample of 18 ml was drawn, CD19* B cells were purified 

25 (Example 1, Section a) and screened for the presence of anti-RSV antibodies using ELISpot 

(Example 1, Section b) and the frequency of plasma cells was determined by FACS analysis.  

Eleven donors were found positive in the screening of the initial blood samples and a second 

blood sample of 450 ml was collected from ten of these. The plasma blasts were single-cell 

sorted according to Example 1, Section a. ELISpot was performed on a fraction of the CD19 

30 positive B cells.  

Four donors with ELISpot frequencies in the second blood donation between 0.2 and 0.6% 

RSV specific plasma cells (IgG+ and IgA+) of the total plasma cell population were identified.  

These frequencies were considered high enough to proceed to linkage of repertoires of 

cognate VH and VL pairs.
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Isolation of cognate VH and VL coding pairs 

The nucleic acids encoding the antibody repertoires were isolated from the single cell-sorted 

plasma cells from the five donors, by multiplex overlap-extension RT-PCR (Example 1, 

section c). The multiplex overlap-extension RT-PCR creates a physical link between the heavy 

5 chain variable region gene fragment (VH) and the full-length light chain (LC). The protocol 

was designed to amplify antibody genes of all VH- gene families and the kappa light chain, by 

using two primer sets, one for VH amplification and one for the LC amplification. Following the 

reverse transcription and multiplex overlap-extension PCR, the linked sequences were 

subjected to a second PCR amplification with a nested primer set.  

10 Each donor was processed individually, and 1480 to 2450 overlap products were generated 

by the multiplex overlap-extension RT-PCR. The generated collection of cognate linked VH and 

VL coding pairs from each donor were pooled and inserted into a mammalian IgG expression 

vector (Fig 3) as described in Example 1 section d). The generated repertoires were 

transformed into E. coli, and consolidated into twenty 384-well master plates and stored. The 

15 repertoires constituted between 1x10 6 and 3.6x106 clones per donor.  

Screening 

IgG antibody-containing supernatants were obtained from CHO cells transiently transfected 

with DNA prepared from bacterial clones from the master plates. The supernatants were 

screened as described in Example 1, section e. Approximately 600 primary hits were 

20 sequenced and aligned. The majority fell in clusters of two or more members, but there were 

also clones that only were isolated once, so-called singletons. Representative clones from 

each cluster and the singletons were subjected to validation studies as described in Example 

1, section e). A number of the primary hits were excluded from further characterization due 

to unwanted sequence features such as unpaired cysteins, non-conservative mutations, 

25 which are potential PCR errors, insertions and/or deletion of multiple codons, and truncations.  

A total of 85 unique clones passed the validation. These are summarized in Table 5. Each 

clone number specifies a particular VH and VL pair. The IGHV and IGKV gene family is 

indicated for each clone and specifies the frame work regions (FR) of the selected clones. The 

30 amino acid sequence of the complementarity determining regions (CDR) of an antibody 

expressed from each clone are shown, where CDRH1, CDRH2, CDRH3 indicate the CDR 

regions 1, 2 and 3 of the heavy chain and CDRL1, CDRL2 and CDRL3 indicate the CDR 

regions 1, 2 and 3 of the light chain.  

The complete variable heavy and light chain sequence can be established from the 

35 information in Table 5.  

Further details to the individual columns of Table 5 are given below.
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The IGHV and IGKV gene family names, were assigned according to the official HUGO/IMGT 

nomenclature (IMGT; Lefranc & Lefranc, 2001, The Immunoglobulin FactsBook, Academic 

Press). Numbering and alignments are according to Chothia (Al-Lazikani et al. 1997 J. Mol.  

Biol. 273:927-48). Clone 809 has a 2 codon insertion 5' to CDRH1, which likely translates into an 

5 extended CDR loop. Clone 831 has a 1 codon deletion at position 31 in CDRH1.  

The column "Ag" indicates the RSV associated antigen recognized by the antibody produced 

from the named clone, as determined by ELISA, FLISA and/or Biacore. "+" indicates that the 

clone binds to RSV particles and/or RSV-infected cells, but that the antigen has not been 

identified.  

10 The column "Epitope" indicates the antigenic site or epitope recognized by the antibody 

produced from the named clone (see Table 4 and below). "U" indicates that the epitope is 

unknown. UCI and UCII refer to unknown cluster I and II. Antibodies belonging to these 

clusters have similar reactivity profiles but have currently not been assigned to a particular 

epitope. Some antibodies recognize complex epitopes, such as A&C. Epitopes indicated in ( 

15 have only been identified in ELISA.
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The amino acid sequences from top to bottom in the column termed CDRH1 are set forth in 
the same order in SEQ ID NOs: 201-285.  
The amino acid sequences from top to bottom in the column termed CDRH2 are set forth in 
the same order in SEQ ID NOs. 286-370.  

5 The amino acid sequences from top to bottom in the column termed CDRH3 are set forth in 
the same order in SEQ ID NOs: 371-455.  
The amino acid sequences from top to bottom in the column termed CDRL1 are set forth in 
the same order in SEQ ID NOs. 456-540.  
The amino acid sequences from top to bottom in the column termed CDRL2 are set forth in 

10 the same order in SEQ ID NOs: 541-625.  
The amino acid sequences from top to bottom in the column termed CDRL3 are set forth in 
the same order in SEQ ID NOs. 626-710.  

Characterization of antigen specificity 

During validation the antigen specificity of the clones was determined to some degree by the 
15 binding to viral particles, soluble G and F protein as well as fragments of the G protein.  

For clones with anti-F reactivity the specificity of the individual antibodies expressed from the 
clones was assessed further in order to determine the antigenic site and, if possible, the 
epitope bound by the individual clones (see Example 1, Section g-4). Figure 4, illustrates 
characterization of the epitope specificity of antibody obtained from clone 801 using Biacore 

20 analysis. The analysis show that when protein F is blocked by 133-1h or Palivizumab 
(antigenic site C and II, respectively) prior to injection of antibody 801 into the Biacore cell, a 
high degree of antibody 801 binding can be detected. The binding of competed 801 antibody 
is reduced a little when compared to binding of uncompeted 801 antibody. The reduction is 
however so low that it is more likely to be due to steric hindrance than direct competition for 

25 the binding site. Blockage of protein F with the 9c5 antibody (antigenic site F1) prior to 
injection of antibody 801 into the Biacore cell shows an almost complete inhibition of 
antibody 801 binding to the F protein. It is therefore concluded that antibody 801 binds 
protein F at the F1 site, or very close to it.  

For clones with anti-G reactivity the specificity of the individual antibodies expressed from the 
30 clones was assessed further to determine whether the individual antibody binds to the central 

domain of the G protein, to the conserved region, or to the GCRR, and also whether the 
epitope is conserved or subtype specific. This was done by ELISA and/or FLISA using the 
following G protein fragments: 

G(B):residue 66-292 from RSV strain 18537 (expressed in DG44 CHO cells) 

35 G(B) Fragment: Residue 127-203 from RSV strain 18537 (expressed in E. coli)
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GCRR A: Residues 171-187 from RSV strain Long (synthesized with selectively formed 
cystein bridges) 

GCRR B: Residues 171-187 from RSV strain 18537 (synthesized with selectively formed 
cystein bridges) 

5 G conserved: Residues 164-176 

Additional epitope analyses were also performed on the anti-G reactive clones by competition 
assays as described in Example 1, Section g-4.  

Further, one of the clones identified in a screening procedure as described in Example 1, 
Section e, produces an SH specific antibody. Additionally, a number of clones bind one or 

10 more of the tested RSV strains, but the antigen has not been determined.  

Data relating to antigen specificity for all the validated clones are summarized in Table 5.  
None of the validated clones bind to human laryngeal epithelial cells, nor does any of the 
tested G-specific clones (793, 816, 835, 841, 853, 855, 856, and 888) bind to human 
fractalkine (CX3CL1).  

15 Characterization of binding kinetics 

The binding affinity for recombinant RSV antigens was determined by surface plasmon 
resonance for a number antibody clones. The analysis was performed with Fab fragments 
prepared by enzymatic cleavage of the full-length antibodies. Data for a number of high
affinity antibody clones with KD values in the picomolar to nanomolar range is presented in 

20 Table 6. Fab fragments derived from commercially available Palivizumab (Synagis) were 
similarly analyzed for reference.  

Table 6: Kinetic binding constants and affinities of selected clones.  

Fab clone kon koff t12  KD 
(antigen) (10 M-1 s-1) (105 1/s) (min) (pM) 

735 (F) 4.07 9.18 130 226 
810 (F) 17.40 34.80 33 200 
818 (F) 1.92 2.20 530 115 
817 (F) 0.92 7.54 150 820 
819 (F) 3.56 4.99 230 140 
825 (F) 7.72 15.00 77 195 
858 (F) 4.97 0.34 3400 7 
831 (F) 3.72 42 28 1130 
796 (G) 8.33 40.3 28.67 480 
811 (G) 4.98 17.1 68 340 
816 (G) 20.20 17.80 65 90 
838 (G) 2.64 5.06 230 190 
853 (G) 17.7 140 8.25 790
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Fab clone kfn kf t/2 KD 
(antigen) (10 M-s-1) (10~s1/s) (min) (pM) 

859 (G) 3.8 4.63 250 120 
Synagis (F) 2.00 75.70 15 3780 

Generation of a cell bank of clones expressing an individual antibody 

A subset of 47 unique cognate VH and VL coding pairs corresponding to clone nr 735, 736, 
744, 793, 795, 796, 799, 800, 801, 804, 810, 811, 812, 814, 816, 817, 818, 819, 824, 825, 827, 

5 828, 829, 830, 831, 835, 838, 841, 853, 855, 856, 857, 858, 859, 861, 863, 868, 870, 871, 880, 
881, 884, 885, 886, 888, 894 and 955 in Table 5 were selected for the generation of stable 
individual expression cell lines which each express a unique antibody from a single VH and VL 
gene sequence. The full sequences (DNA and deduced amino acid) of 44 selected clones (the 

above-identified except 828, 885, and 955) are shown in SEQ ID NOs 1-176.  

10 The 44 clones are charecterized by producing the following VH sequences, which are set forth 
in SEQ ID NOs. 1-44: 

Clone No. 735: 

QVQLQESGPGLVKPSETLSLTCTVSNGAIGDYDWSWIRQSPGKGLEWIGNINYRGNTNYNPSLKSRVTM 

SLRTSTMQFSLKLSSATAADTAVYYCARDVGYGGGQYFAMDVWSPGTTVTVSS 

15 Clone No. 736: 

QVQLVESGGGVVQPGGSLRLSCTASGFTFSTYGMHWVRQAPGKGLEWVAFIRYDGSTQDYVDSVKGRF 

TISRDNSKNMVYVQMNSLRVEDTAVYYCAKDMDYYGSRSYSVTYYYGMDVWGQGTTVTVSS 

Clone No. 744: 

QVQLVQSGAEVKKPGASVKVSCKASGYTFSGYYMHWVRQAPGQGLEWMGWINTSSGGTNYAQKFQG 

20 RVTMTRDTSISTAHMELRRLRSDDTAVYYCAREDGTMGTNSWYGWFDPWGQGTLVTVSS 

Clone No. 793: 

QVQLVESGGGLVKPGGSLRLSCAASGFPFGDYYMSWIRQAPGKGLEWVAYINRGGTTIYYADSVKGRFT 

ISRDNAKNSLFLQMNSLRAGDTALYYCARGLILALPTATVELGAFDIWGQGTMVTVSS 

Clone No. 795: 

25 QVQLQESGPGLVKPSQTLSLTCTVSGASISSGDYYWSWIRQSPRKGLEWIGYIFHSGTTYYNPSLKSRAV 

ISLDTSKNQFSLRLTSVTAADTAVYYCARDVDDFPVWGMNRYLALWGRGTLVTVSS 

Clone No. 796: 

QVQLVESGGGVVQPGRSLRLSCAASGFSFSHFGMHWVRQVPGKGLEWVAIISYDGNNVHYADSVKGRF 

TISRDNSKNTLFLQMNSLRDDDTGVYYCAKDDVATDLAAYYYFDVWGRGTLVTVSS
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Clone No. 799: 

QVQLVESGGGVVQPGRSLKLSCEASGFNFNNYGMHWVRQAPGKGLEWVAVISYDGRNKYFADSVKGR 

FIISRDDSRNTVFLQMNSLRVEDTAVYYCARGSVQVWLHLGLFDNWGQGTLVTVSS 

Clone No. 800: 

5 QVQLVESGGAVVQPGRSLRLSCEVSGFSFSDYGMNWVRQGPGKGLEWVAVIWHDGSNKNYLDSVKGR 

FTVSRDNSKNTLFLQMNSLRAEDTAVYYCARTPYEFWSGYYFDFWGQGTLVTVSS 

Clone No. 801: 

QVQLVESGGGVVQPGRSLRLSCAASGFPFNSYAMHWVRQAPGKGLEWVAVIYYEGSNEYYADSVKGRF 

TISRDNSKNTLYLQMDSLRAEDTAVYYCARKWLGMDFWGQGTLVTVSS 

10 Clone No. 804: 

EVQLVESGGGLVRPGGSLRLSCSASGFTFSNYAMHWVRQAPGKRLEYVSATSTDGGSTYYADSLKGTFT 

ISRDNSKNTLYLQMSSLSTEDTAIYYCARRFWGFGNFFDYWGRGTLVTVSS 

Clone No. 810: 

QVQLVQSGAEVKKSGSSVKVSCRASGGTFGNYAINWVRQAPGQGLEWVGRIIPVFDTTNYAQKFQGRV 

15 TITADRSTNTAIMQLSSLRPQDTAMYYCLRGSTRGWDTDGFDIWGQGTMVTVSS 

Clone No. 811: 

QVQLVQSGAVVETPGASVKVSCKASGYIFGNYYIHWVRQAPGQGLEWMAVINPNGGSTTSAQKFQDRI 

TVTRDTSTTTVYLEVDNLRSEDTATYYCARQRSVTGGFDAWLLIPDASNTWGQGTMVTVSS 

Clone No. 812: 

20 QVQLVQSGAEMKKPGSSVKVSCKASGGSFSSYSISWVRQAPGRGLEWVGMILPISGTTNYAQTFQGRVI 

ISADTSTSTAYMELTSLTSEDTAVYFCARVFREFSTSTLDPYYFDYWGQGTLVTVSS 

Clone No. 814: 

QVQLVESGGGVVQPGKSVRLSCVGSGFRLMDYAMHWVRQAPGKGLDWVAVISYDGANEYYAESVKGR 

FTVSRDNSDNTLYLQMKSLRAEDTAVYFCARAGRSSMNEEVIMYFDNWGLGTLVTVSS 

25 Clone No. 816: 

EVQLLESGGGLVQPGGSLRLSCVASGFTFSTYAMTWVRQAPGKGLEWVSVIRASGDSEIYADSVRGRFT 

ISRDNSKNTVFLQMDSLRVEDTAVYFCANIGQRRYCSGDHCYGHFDYWGQGTLVTVSS 

Clone No. 817: 

QVQLVESGGGVVQPGRSLRLSCAASGFGFNTHGMHWVRQAPGKGLEWLSIISLDGIKTHYADSVKGRF 

30 TISRDNSKNTVFLQLSGLRPEDTAVYYCAKDHIGGTNAYFEWTVPFDGWGQGTLVTVSS 

Clone No. 818: 

QVTLRESGPAVVKPTETLTLTCAFSGFSLNAGRVGVSWIRQPPGQAPEWLARIDWDDDKAFRTSLKTRLS 

ISKDSSKNQVVLTLSNMDPADTATYYCARTQVFASGGYYLYYLDHWGQGTLVTVSS
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Clone No. 819: 

QVQLQESGPGLVKPSQTLSLTCTVSSGAISGADYYWSWIRQPPGKGLEWVGFIYDSGSTYYNPSLRSRV 

TISI DTSKKQFSLKLTSVTAADTAVYYCARDLGYGGNSYSH SYYYGLDVWGRGTTVTVSS 

Clone No. 824: 

5 QVQLQESGPGLVKPSETLSLTCTVSGGSIGNYYWGWIRQPPGKGLEWIGHIYFGGNTNYNPSLQSRVTIS 

VDTSRNQFSLKLNSVTAADTAVYYCARDSSNWPAGYEDWGQGTLVTVSS 

Clone No. 825: 

QVQLVQSGAEVKKPGASVKVSCKVSGYTFTSNGLSWVRQAPGQGFEWLGWISASSGNKKYAPKFQGR 

VTLTTDISTSTAYMELRSLRSDDTAVYYCAKDGGTYVPYSDAFDFWGQGTMVTVSS 

10 Clone No. 827: 

QVQLVQSGAEVKKPGASVKVSCRVSGHTFTALSKHWMRQGPGGGLEWMGFFDPEDGDTGYAQKFQGR 

VTMTEDTATGTAYMELSSLTSDDTAVYYCATVAAAGNFDNWGQGTLVTVSS 

Clone No. 829: 

QVTLKESGPALVKATQTLTLTCTFSGFSLSRNRMSVSWIRQPPGKALEWLARIDWDDDKFYNTSLQTRLT 

15 ISKDTSKNQVVLTMTNMDPVDTATYYCARTGIYDSSGYYLYYFDYWGQGTLVTVSS 

Clone No. 830: 

QVQLVQSGAEVKVPGASVKVSCKASGYTFTTYGVSWVRQAPGQGLEWMGWISAYNGNTYYLQKLQGR 

VTMTTDTSTSTAYMELRGLRSDDTAMYYCARDRVGGSSSEVLSRAKNYGLDVWGQGTTVTVSS 

Clone No. 831: 

20 QVQLVQSGAEVKKPGASVKVSCKASANIFTYAMHWVRQAPGQRLEWMGWINVGNGQTKYSQRFQGRV 

TITRDTSATTAYMELSTLRSEDTAVYYCARRASQYGEVYGNYFDYWGQGTLVTVSS 

Clone No. 835: 

QVQLVQSGAEVKRPGASVKVSCKASGYTFISYGFSWVRQAPGQGLEWMGWSSVYNGDTNYAQKFHGR 

VNMTTDTSTNTAYMELRGLRSDDTAVYFCARDRNVVLLPAAPFGGMDVWGQGTMVTVSS 

25 Clone No. 838: 

QVQLVESGGGVVQPGTSLRLSCAASGFTFSTFGMHWVRQAPGKGLEWVAVISYDGNKKYYADSVKGRF 

TISRDNSKNTLYLQVNSLRVEDTAVYYCAAQTPYFNESSGLVPDWGQGTLVTVSS 

Clone No. 841: 

QVQLVQSGAEVKKPGASVKVSCKASGYTFISFGISWVRQAPGQGLEWMGWISAYNGNTDYAQRLQDRV 

30 TMTRDTATSTAYLELRSLKSDDTAVYYCTRDESMLRGVTEGFGPIDYWGQGTLVTVSS 

Clone No. 853: 

EVQLVQSGAEVKKPGQSLKISCKTSGYIFTNYWIGWVRQRPGKGLEWMGVIFPADSDARYSPSFQGQVT 

ISADKSIGTAYLQWSSLKASDTAIYYCARPKYYFDSSGQFSEMYYFDFWGQGTLVTVSS
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Clone No. 855: 

QVQLVQSGPEVKKPGASVKVSCKASGYVLTNYAFSWVRQAPGQGLEWLGWISGSNGNTYYAEKFQGRV 
TMTTDTSTSTAYMELRSLRSDDTAVYFCARDLLRSTYFDYWGQGTLVTVSS 

Clone No. 856: 

5 QVQLVQSGAEVKKPGASVKVSCKASGYTFSNYGFSWVRQAPGRGLEWMGWISAYNGNTYYAQN LQGR 
VTMTTDTSTTTAYMVLRSLRSDDTAMYYCARDGNTAGVDMWSRDGFDIWGQGTMVTVSS 

Clone No. 857: 

EVQLLESGGGLVQPGGPLRLSCVASGFSFSSYAMNWIRLAPGKGLEWVSGISGSGGSTYYGDSVKGRFT 

ISRDNSKNTLYLQMNSLRAEDTAVYYCAKEPWIDIVVASVISPYYYDGMDVWGQGTTVTVSS 

10 Clone No. 858: 

QVQLVQSGAEVKKPGSSVKVSCKASGGSFDGYTISWLRQAPGQGLEWMGRVVPTLGFPNYAQKFQGRV 
TVTADRSTNTAYLELSRLTSEDTAVYYCARMNLGSHSGRPGFDMWGQGTLVTVSS 

Clone No. 859: 

QVQLVESGGGVVQPGRSLRLSCAVSGSSFSKYGIHWVRQAPGKGLEWVAVISYDGSKKYFTDSVKGRF 

15 TIARDNSQNTVFLQMNSLRAEDTAVYYCATGGGVNVTSWSDVEHSSSLGYWGLGTLVTVSS 

Clone No. 861: 

QVQLVESGGGVVQPGGSLRLSCAASGFTFSSYGMHWVRQAPGKGLEWVAFIWNDGSNKYYADSVKGR 

FTISRDNSKNTLYLQMNSLRAEDTAVYYCVKDEVYDSSGYYLYYFDSWGQGTLVTVSS 

Clone No. 863: 

20 EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYTMSWVRQAPGKGLEWVSSISASTVLTYYADSVKGRF-I 

SRDNSKNTLYLQMSSLRAEDTAVYYCAKDYDFWSGYPGGQYWFFDLWGRGTLVTVSS 

Clone No. 868: 

QVQLQESGPGLVTPSETLSVTCTVSNYSIDNAYYWGWIRQPPGKGLEWIGSIHHSGSAYYNSSLKSRATI 

SIDTSKNQFSLNLRSVTAADTAVYYCARDTILTFGEPHWFDPWGQGTLVTVSS 

25 Clone No. 870: 

QVQLQESGPGLVKPSETLSLTCTVSGDSISNYYWSWIRQPPGKGLEWIGEISNTWSTNYNPSLKSRVTIS 

LDMPKNQLSLKLSSVTAADTAVYYCARGLFYDSGGYYLFYFQHWGQGTLVTVSS 

Clone No. 871: 

QVQLVESGGGVVQPGRSLRVSCAASGFTFSNYGMHWVRQAPGKGLEWVAVIWYDDSNKQYGDSVKG 

30 RFTISRDNSKSTLYLQMDRLRVEDTAVYYCARASEYSISWRHRGVLDYWGQGTLVTVSS 

Clone No. 880: 

QITLKESGPTLVRPTQTLTLTCTFSGFSLSTSKLGVGWIRQPPGKALEWLALVDWDDDRRYRPSLKSRLTV 

TKDTSKNQVVLTMTNMDPVDTATYYCAHSAYYTSSGYYLQYFHHWGPGTLVTVSS
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Clone No. 881: 

EVQLVESGGGVVQPGGSLRLSCEVSGFTFNSYEMTWVRQAPGKGLEWVSHIGNSGSMIYYADSVKGRF 

TISRDNAKNSLYLQMNSLRVEDTAVYYCARSDYYDSSGYYLLYLDSWGHGTLVTVSS 

Clone No. 884: 

5 QVQLVQSGAEVRKPGASVKVSCKASGHTFINFAMHWVRQAPGQGLEWMGYINAVNGNTQYSQKFQGR 

VTFTRDTSANTAYMELSSLRSEDTAVYYCARNNGGSAIIFYYWGQGTLVTVSS 

Clone No. 886: 

QVQLVESGGGVVQPGRSLRLSCAASGFSFSSYGMHWVRQAPGKGLEWVAVISNDGSNKYYADSVKGR 

FTISRDNSKKTMYLQMNSLRAEDTAVYFCAKTTDQRLLVDWFDPWGQGTLVTVSS 

10 Clone No. 888: 

QLQLQESGPGLVKPSETLSLTCTASGGSINSSNFYWGWIRQPPGKGLEWIGSIFYSGTTYYNPSLKSRVTI 

SVDTSKNQFSLKLSPVTAADTAVYHCARHGFRYCNNGVCSINLDAFDIWGQGTMVTVSS 

Clone No. 894: 

QVQLVESGGGVVQPGKSLRLSCAASGFRFSDYGMHWVRQAPSKGLEWVAVIWHDGSNIRYADSVRGR 

15 FSISRDNSKNTLYLQMNSMRADDTAFYYCARVPFQIWSGLYFDHWGQGTLVTVSS 

These VH amino acid sequences are in the clones encoded by the following nucleic acid 

sequences, which are also set forth as SEQ ID NOs. 45-88: 

Clone No. 735: 

caggtgcagctgcaggagtcgggcccaggactggtgaagccttcggagaccctgtccctcacgtgcactgtgtctaatggcgccatc 
20 ggcgactacgactggagctggattcgtcagtccccagggaagggactggagtggattgggaacataaattacagagggaacacc 

aactacaacccctccctcaagagtcgagtcaccatgtccctacgcacgtccacgatgcagttctccctgaagctgagctctgcgaccg 
ctgcggacacggccgtctattactgtgcgagagatgtaggctacggtggcgggcagtatttcgcgatggacgtctggagcccaggg 
accacggtcaccgtctcgagt 

Clone No. 736: 
25 caggtgcagctggtggagtctgggggaggcgtggtccagcctggggggtccctgagactctcctgtacagcgtctggattcaccttc 

agtacctatggcatgcactgggtccgccaggctcccggcaaggggctggaatgggtggcatttatacggtatgatggaagtactca 

agactatgtagactccgtgaagggccgattcaccatctccagagacaattccaagaatatggtgtatgtgcagatgaacagcctgag 
agttgaggacacggctgtctattactgtgcgaaagacatggattactatggttcgcggagttattctgtcacctactactacggaatgg 
acgtctggggccaagggaccacggtcaccgtctcgagt 

30 Clone No. 744: 

caggtgcagctggtgcagtctggggctgaggtgaagaagcctggggcctcagtgaaggtctcctgcaaggcttctggatacaccttc 

agcggctattatatgcactgggtgcgacaggcccctggacaagggcttgagtggatgggatggatcaacactagcagtggtggcac 

aaactatgcgcagaagtttcagggcagggtcaccatgaccagggacacgtccatcagcacagcccacatggaactgaggaggctg 
agatctgacgacacggccgtgtattattgtgcgagagaggacggcaccatgggtactaatagttggtatggctggttcgacccctgg 

35 ggccagggaaccctggtcaccgtctcgagt
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Clone No. 793: 
caggtgcagctggtggagtctgggggaggcttggtcaagcctggggggtccctgagactctcctgtgcggcctctggattccccttcg 
gtgactactacatgagctggatccgccaggctccagggaagggactggagtgggttgcatacattaatagaggtggcactaccata 
tactacgcagactctgtgaagggccgattcaccatctccagggacaacgccaagaactccctgtttctgcaaatgaacagcctgaga 

5 gccggggacacggccctctattactgtgcgagagggctaattctagcactaccgactgctacggttgagttaggagcttttgatatctg 
gggccaagggacaatggtcaccgtctcgagt 

Clone No. 795: 
caggtgcagctgcaggagtcgggcccaggactggtgaagccttcacagaccctgtccctcacctgcactgtctctggtgcctccatca 
gcagtggtgattattactggagttggatccgtcagtctccaaggaagggcctggagtggattgggtacatcttccacagtgggacca 

10 cgtactacaacccgtccctcaagagtcgagctgtcatctcactggacacgtccaagaaccaattctccctgaggctgacgtctgtgact 
gccgcagacacggccgtctattattgtgccagagatgtcgacgattttcccgtttggggtatgaatcgatatcttgccctctggggccg 
gggaaccctggtcaccgtctcgagt 

Clone No. 796: 
caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccctgagactctcctgtgcagcctctggattcagcttc 

15 agtcactttggcatgcactgggtccgccaggttccaggcaaggggctggagtgggtggcaattatatcatatgatgggaataatgta 
cactatgccgactccgtaaagggccgattcaccatctccagagacaattccaagaacacgctgtttctgcaaatgaacagcctgaga 
gatgacgacacgggtgtgtattactgtgcgaaggacgacgtggcgacagatttggctgcctactactacttcgatgtctggggccgt 
ggcaccctggtcaccgtctcgagt 

Clone No. 799: 
20 caggtgcagctggtggagtctgggggcggcgtggtccagcctgggaggtccctgaaactctcttgtgaagcctctggattcaacttc 

aataattatggcatgcactgggtccgccaggcaccaggcaaggggctggagtgggtggcagttatttcatatgacggaagaaataa 
gtattttgctgactccgtgaagggccgattcatcatctccagagacgattccaggaacacagtgtttctgcaaatgaacagcctgcga 
gttgaagatacggccgtctattactgtgcgagaggcagcgtacaagtctggctacatttgggactttttgacaactggggccaggga 
accctggtcaccgtctcgagt 

25 Clone No. 800: 
caggtgcagctggtggagtctgggggagccgtggtccagcctgggaggtccctgagactctcctgtgaagtgtctggattcagtttc 
agtgactatggcstgaactgggtccgccagggtccaggcaaggggctggagtgggtggcagttatatggcatgacggaagtaata 
aaaattatctagactccgtgaagggccgattcaccgtctccagagacaattccaagaacacattgtttctgcaaatgaacagcctgag 
agccgaagacacggctgtatattactgtgcgaggacgccttacgagttttggagtggctattactttgacttctggggccagggaacc 

30 ctggtcaccgtctcgagt 

Clone No. 801: 
caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccctgagactctcctgtgcagcgtctggattccccttc 
aatagctatgccatgcactgggtccgccaggctccaggcaaggggctggagtgggtggcagtgatatattatgaagggagtaatga 
atattatgcagactccgtgaagggccgattcaccatctccagagacaattccaagaacactctgtatttgcaaatggatagcctgaga 

35 gccgaggacacggctgtctattactgtgcgaggaagtggctggggatggacttctggggccagggaaccctggtcaccgtctcgag 
t
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Clone No. 804: 
gaggtgcagctggtggagtctgggggaggcttggtccggcctggggggtccctgagactctcctgttcagcctctggattcaccttca 
gtaactatgctatgcactgggtccgccaggctccagggaagagactggaatatgtttcagctactagtactgatggggggagcacat 
actacgcagactccctaaagggcacattcaccatctccagagacaattccaagaacacactgtatcttcaaatgagcagtctcagtac 

5 tgaggacacggctatttattactgcgcccgccgattctggggatttggaaacttttttgactactggggccggggaaccctggtcaccg 
tctcgagt 

Clone No. 810: 
caggtgcagctggtgcagtctggggctgaggtgaagaagtccgggtcctcggtgaaggtctcctgcagggcttctggaggcaccttc 
ggcaattatgctatcaactgggtgcgacaggcccctggacaagggcttgagtgggtgggaaggatcatccctgtctttgatacaaca 

10 aactacgcacagaagttccagggcagagtcacgattaccgcggacagatccacaaacacagccatcatgcaactgagcagtctgc 

gacctcaggacacggccatgtattattgtttgagaggttccacccgtggctgggatactgatggttttgatatctggggccaagggac 
aatggtcaccgtctcgagt 

Clone No. 811: 
caggttcagctggtgcagtctggggctgtcgtggagacgcctggggcctcagtgaaggtctcctgcaaggcatctggatacatcttc 

15 ggcaactactatatccactgggtgcggcaggcccctggacaagggcttgagtggatggcagttatcaatcccaatggtggtagcac 
aacttccgcacagaagttccaagacagaatcaccgtgaccagggacacgtccacgaccactgtctatttggaggttgacaacctgag 
atctgaggacacggccacatattattgtgcgagacagagatctgtaacagggggctttgacgcgtggcttttaatcccagatgcttct 
aatacctggggccaggggacaatggtcaccgtctcgagt 

Clone No. 812: 
20 caggtgcagctggtgcagtctggggctgagatgaagaagcctgggtcctcggtgaaggtctcctgcaaggcttctggaggctccttc 

agcagctattctatcagctgggtgcgacaggcccctggacgagggcttgagtgggtgggaatgatcctgcctatctctggtacaaca 
aactacgcacagacatttcagggcagagtcatcattagcgcggacacatccacgagcacagcctacatggagctgaccagcctcac 
atctgaagacacggccgtgtatttctgtgcgagagtctttagagaatttagcacctcgacccttgacccctactactttgactactgggg 
ccagggaaccctggtcaccgtctcgagt 

25 Clone No. 814: 
caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaagtccgtgagactctcctgtgtaggctctggcttcaggctc 
atggactatgctatgcactgggtccgccaggctccaggcaagggactggattgggtggcagttatttcatatgatggagccaatgaa 
tactacgcagagtccgtgaagggccgattcaccgtctccagagacaattcagacaacactctgtatctacaaatgaagagcctgaga 
gctgaggacacggctgtgtatttctgtgcgagagcgggccgttcctctatgaatgaagaagttattatgtactttgacaactggggcct 

30 gggaaccctggtcaccgtctcgagt 

Clone No. 816: 
gaggtgcagctgttggagtctgggggaggcttggtccagcctggggggtccctgagactctcctgtgtagcctccggattcaccttta 
gtacctacgccatgacctgggtccgccaggctccagggaaggggctggagtgggtctcagtcattcgtgctagtggtgatagtgaaa 
tctacgcagactccgtgaggggccggttcaccatctccagagacaattccaagaacacggtgtttctgcaaatggacagcctgagag 

35 tcgaggacacggccgtatatttctgtgcgaatataggccagcgtcggtattgtagtggtgatcactgctacggacactttgactactgg 
ggccagggaaccctggtcaccgtctcgagt
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Clone No. 817: 
caggtgcagctggtggagtctgggggaggcgtggtccaacctgggaggtccctgagactctcctgtgcagcctctggattcggcttc 
aacacccatggcatgcactgggtccgccaggctccaggcaaggggctggagtggctgtcaattatctcacttgatgggattaagacc 
cactatgcagactccgtgaagggccgattcaccatctccagagacaattccaagaacacggtgtttctacaattgagtggcctgaga 

5 cctgaagacacggctgtatattactgtgcgaaagatcatattggggggacgaacgcatattttgaatggacagtcccgtttgacggct 
ggggccagggaaccctggtcaccgtctcgagt 

Clone No. 818: 
caggtcaccttgagggagtctggtccagcggtggtgaagcccacagaaacgctcactctgacctgcgccttctctgggttctcactca 
acgccggtagagtgggtgtgagttggatccgtcagcccccagggcaggccccggaatggcttgcacgcattgattgggatgatgat 

10 aaagcgttccgcacatctctgaagaccagactcagcatctccaaggactcctccaaaaaccaggtggtccttacactgagcaacatg 
gaccctgcggacacagccacatattactgtgcccggacacaggtcttcgcaagtggaggctactacttgtactaccttgaccactggg 
gccagggaaccctggtcaccgtctcgagt 

Clone No. 819: 
caggtgcagctgcaggagtcgggcccaggactggtgaagccttcacagaccctgtccctcacctgcactgtctctagtggcgccatc 

15 agtggtgctgattactactggagttggatccgccagcccccagggaagggcctggagtgggttgggttcatctatgacagtgggagc 
acctactacaacccgtccctcaggagtcgagtgaccatatcaatagacacgtccaagaagcagttctccctgaagctgacctctgtga 
ctgccgcagacacggccgtgtattactgtgccagagatctaggctacggtggtaactcttactcccactcctactactacggtttggac 
gtctggggccgagggaccacggtcaccgtctcgagt 

Clone No. 824: 
20 caggtgcagctgcaggagtcgggcccaggactggtgaagccttcggagaccctgtccctcacctgcactgtctctggtggctccatc 

ggaaattactactggggctggatccggcagcccccagggaagggacttgagtggattgggcatatctacttcggtggcaacaccaa 
ctacaacccttccctccagagtcgagtcaccatttcagtcgacacgtccaggaaccagttctccctgaagttgaactctgtgaccgccg 
cggacacggccgtgtattactgtgcgagggatagcagcaactggcccgcaggctatgaggactggggccagggaaccctggtcac 
cgtctcgagt 

25 Clone No. 825: 
caggttcagctggtgcagtctggagctgaggtgaagaagcctggggcctcagtgaaggtctcctgcaaggtttctggttacaccttta 
ccagtaatggtctcagctgggtgcgacaggcccctggacaagggtttgagtggctgggatggatcagcgctagtagtggaaacaa 
aaagtatgccccgaaattccagggaagagtcaccttgaccacagacatttccacgagcacagcctacatggaactgaggagtctga 
gatctgacgatacggccgtatattactgtgcgaaagatgggggcacctacgtgccctattctgatgcctttgatttctggggccaggg 

30 gacaatggtcaccgtctcgagt 

Clone No. 827: 
caggtccagctggtacagtctggggctgaggtgaagaagcctggggcctcagtgaaggtctcctgcagggtttccggacacactttc 
actgcattatccaaacactggatgcgacagggtcctggaggagggcttgagtggatgggattttttgatcctgaagatggtgacaca 
ggctacgcacagaagttccagggcagagtcaccatgaccgaggacacagccacaggcacagcctacatggagctgagcagcctg 

35 acatctgacgacacggccgtatattattgtgcaacagtagcggcagctggaaactttgacaactggggccagggaaccctggtcac 
cgtctcgagt
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Clone No. 829: 
caggtcaccttgaaggagtctggtcctgcgctggtgaaagccacacagaccctgacactgacctgcaccttctctgggttttcactcag 
taggaatagaatgagtgtgagctggatccgtcagcccccagggaaggccctggagtggcttgcacgcattgattgggatgatgata 

aattctacaacacatctctgcagaccaggctcaccatctccaaggacacctccaaaaaccaggtggtccttacaatgaccaacatgg 

5 accctgtggacacagccacctattactgcgcacggactgggatatatgatagtagtggttattacctctactactttgactactggggc 

cagggaaccctggtcaccgtctcgagt 

Clone No. 830: 
caggtgcagctggtgcagtctggagctgaggtgaaggtgcctggggcctcagtgaaggtctcctgcaaggcttctggttacaccttta 

ccacttacggtgtcagctgggtgcggcaggcccctggacaagggcttgagtggatgggttggatcagcgcttacaatggtaacacat 

10 actatctacagaagctccagggcagagtcaccatgaccacagacacatccacgagcacagcctacatggagctgcggggcctgag 

gtctgacgacacggccatgtattactgtgcgagagatcgtgttgggggcagctcgtccgaggttctatcgcgggccaaaaactacgg 

tttggacgtctggggccaagggaccacggtcaccgtctcgagt 

Clone No. 831: 
caggttcagctggtgcagtctggggctgaggtgaagaagcctggggcctcagttaaggtttcctgcaaggcttctgcaaacatcttca 

15 cttatgcaatgcattgggtgcgccaggcccccggacaaaggcttgagtggatgggatggatcaacgttggcaatggtcagacaaaa 

tattcacagaggttccagggcagagtcaccattaccagggacacgtccgcgactacagcctacatggagctgagcaccctgagatct 

gaggacacggctgtgtattactgtgcgaggcgtgcgagccaatatggggaggtctatggcaactactttgactactggggccaggg 
aaccctggtcaccgtctcgagt 

Clone No. 835: 
20 caggtgcagctggtgcagtctggagctgaggtgaagaggcctggggcctcagtgaaggtctcctgcaaggcttcaggttacaccttt 

atcagctatggtttcagctgggtgcgacaggcccctggacaagggcttgagtggatgggatggagcagcgtttacaatggtgacac 

aaactatgcacagaagttccacggcagagtcaacatgacgactgacacatcgacgaacacggcctacatggaactcaggggcctg 

agatctgacgacacggccgtgtatttctgtgcgagggatcgcaatgttgttctacttccagctgctccttttggaggtatggacgtctgg 
ggccaagggacaatggtcaccgtctcgagt 

25 Clone No. 838: 
caggtgcagctggtggagtctgggggaggcgtggtccagccggggacttccctgagactctcctgtgcagcctctggattcaccttca 

gtacgtttggcatgcactgggtccgccaggctccaggcaaggggctggagtgggtggcagttatatcatatgatggaaataagaaa 
tactatgcagactccgtgaagggccgattcaccatctccagagacaattccaagaacacgctgtatctgcaagtgaacagcctgaga 

gtcgaggacacggctgtgtattactgtgcggcccaaactccatatttcaatgagagcagtgggttagtgccggactggggccagggc 

30 accctggtcaccgtctcgagt 

Clone No. 841: 

caggtgcagctggtgcagtctggagctgaggtgaagaagcctggggcctcagtgaaggtctcctgcaaggcttctggttacaccttt 

atcagttttggcatcagctgggtgcgacaggcccctggacaaggacttgagtggatgggatggatcagcgcttacaatggtaacac 

agactatgcacagaggctccaggacagagtcaccatgactagagacacagccacgagcacagcctacttggagctgaggagcctg 

35 aaatctgacgacacggccgtgtactattgcactagagacgagtcgatgcttcggggagttactgaaggattcggacccattgactac 

tggggccagggaaccctggtcaccgtctcgagt



WO 2007/101441 PCT/DK2007/000113 

64 

Clone No. 853: 
gaagtgcagctggtgcagtctggagcagaggtgaaaaagccggggcagtctctgaagatctcctgtaagacttctggatacatcttt 
accaactactggatcggctgggtgcgccagaggcccgggaaaggcctggagtggatgggggtcatctttcctgctgactctgatgcc 
agatacagcccgtcgttccaaggccaggtcaccatctcagccgacaagtccatcggtactgcctacctgcagtggagtagcctgaag 

5 gcctcggacaccgccatatattactgtgcgagaccgaaatattactttgatagtagtgggcaattctccgagatgtactactttgacttc 
tggggccagggaaccctggtcaccgtctcgagt 

Clone No. 855: 
caggttcagctggtgcagtctggacctgaggtgaagaagcctggggcctcagtgaaggtctcctgcaaggcttctggttatgtgttga 
ccaactatgccttcagctgggtgcggcaggcccctggacaagggcttgagtggctgggatggatcagcggctccaatggtaacaca 

10 tactatgcagagaagttccagggccgagtcaccatgaccacagacacatccacgagcacagcctacatggagctgaggagtctga 
gatctgacgacacggccgtttatttctgtgcgagagatcttctgcggtccacttactttgactactggggccagggaaccctggtcacc 
gtctcgagt 

Clone No. 856: 
caggtgcagctggtgcagtctggagctgaggtgaagaagcctggggcctcagtgaaggtctcctgcaaggcttctggttacacctttt 

15 ccaactacggtttcagctgggtgcgacaggcccctggacgagggcttgagtggatgggatggatcagcgcttacaatggtaacaca 
tactatgcacagaacctccagggcagagtcaccatgaccacagacacatccacgaccacagcctacatggtactgaggagcctgag 
atctgacgacacggccatgtattactgtgcgagagatggaaatacagcaggggttgatatgtggtcgcgtgatggttttgatatctgg 
ggccaggggacaatggtcaccgtctcgagt 

Clone No. 857: 
20 gaggtgcagctgttggagtctgggggaggcttggtacagcctggggggcccctgaggctctcctgtgtagcctctggattcagcttta 

gcagctatgccatgaactggatccgcctggctccagggaaggggctggagtgggtctcaggtattagtggtagcggtggtagcactt 
actacggagactccgtgaagggccggttcaccatctccagagacaattccaagaacacgctgtatctgcaaatgaacagcctgaga 
gccgaggacacggccgtatattactgtgcgaaagagccgtggatcgatatagtagtggcatctgttatatccccctactactacgacg 
gaatggacgtctggggccaagggaccacggtcaccgtctcgagt 

25 Clone No. 858: 
caggttcagctggtgcagtctggggctgaggtgaagaagcctgggtcctcggtgaaggtctcctgcaaggcctctggaggatccttc 
gacggctacactatcagctggctgcgacaggcccctggacaggggcttgagtggatgggaagggtcgtccctacacttggttttcca 
aactacgcacagaagttccaaggcagagtcaccgttaccgcggacagatccaccaacacagcctacttggaattgagcagactgac 
atctgaagacacggccgtatattactgtgcgaggatgaatctcggatcgcatagcgggcgccccgggttcgacatgtggggccaag 

30 gaaccctggtcaccgtctcgagt 

Clone No. 859: 
caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccttgagactctcctgtgcagtgtctggatccagcttc 

agtaaatatggcatacactgggtccgccaggctccaggcaaggggctggagtgggtggcagttatatcgtatgatggaagtaaaa 
agtatttcacagactccgtgaagggccgattcaccatcgccagagacaattcccagaacacggttttctgcaaatgaacagcctga 

35 gagccgaggacacggctgtctattactgtgcgacaggagggggtgttaatgtcacctcgtggtccgacgtagagcactcgtcgtcctt 
aggctactggggcctgggaaccctggtcaccgtctcgagt
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Clone No. 861: 
caggtgcagctggtggagtctgggggaggcgtggtccagcctggggggtccctgagactctcctgtgcagcgtctggattcaccttc 
agtagctatggcatgcactgggtccgccaggctccaggcaaggggctggagtgggtggcatttatatggaatgatggaagtaataa 
atactatgcagactccgtgaagggccgattcaccatctccagagacaattccaagaacacgctgtatctgcaaatgaacagcctgag 

5 agctgaggacacggctgtgtattactgtgtgaaagatgaggtctatgatagtagtggttattacctgtactactttgactcttggggcc 
agggaaccctggtcaccgtctcgagt 

Clone No. 863: 
gaggtgcagctgttggagtctgggggaggcttggtacagcctggggggtccctgagactctcctgtgcagcctctggattcacgttta 
gctcctataccatgagctgggtccgccaggctccagggaaggggctggagtgggtctcaagtattagtgctagtactgttctcacata 

10 ctacgcagactccgtgaagggccgcttcaccatctccagagacaattccaagaacacgctgtatctgcaaatgagtagcctgagagc 
cgaggacacggccgtatattactgtgcgaaagattacgatttttggagtggctatcccgggggacagtactggttcttcgatctctgg 
ggccgtggcaccctggtcaccgtctcgagt 

Clone No. 868: 
caggtgcagctgcaggagtcgggcccaggactggtgacgccttcggagaccctgtccgtcacttgcactgtctctaattattccatcg 

15 acaatgcttactactggggctggatccggcagcccccagggaagggtctggagtggataggcagtatccatcatagtgggagcgcc 
tactacaattcgtccctcaagagtcgagccaccatatctatagacacgtccaagaaccaattctcgttgaacctgaggtctgtgaccgc 
cgcagacacggccgtatattactgtgcgcgcgataccatcctcacgttcggggagccccactggttcgacccctggggccagggaac 
cctggtcaccgtctcgagt 

Clone No. 870: 
20 caggtgcagctgcaggagtcgggcccaggactggtgaagccttcggagaccttgtccctcacctgcactgtctcaggtgactccatc 

agtaattactactggagttggatccggcagcccccagggaagggactggagtggattggagaaatatctaacacttggagcaccaa 
ttacaacccctccctcaagagtcgagtcaccatatctctagacatgcccaagaaccagttgtccctgaagctgagctctgtgaccgctg 
cggacacggccgtatattactgtgcgagagggcttttctatgacagtggtggttactacttgttttacttccaacactggggccagggc 
accctggtcaccgtctcgagt 

25 Clone No. 871: 
caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccctgagagtctcctgtgcagcgtctggattcaccttc 
agtaactatggcatgcactgggtccgccaggctccaggcaaggggctggagtgggtggcagttatatggtatgatgacagtaataa 
acagtatggagactccgtgaagggccgattcaccatctccagagacaattccaagagtacgctgtatctgcaaatggacagactga 
gagtcgaggacacggctgtgtattattgtgcgagagcctccgagtatagtatcagctggcgacacaggggggtccttgactactggg 

30 gccagggaaccctggtcaccgtctcgagt 

Clone No. 880: 
cagatcaccttgaaggagtctggtcctacgctggtgagacccacacagaccctcacactgacctgcaccttctctgggttctcactcag 
cactagtaaactgggtgtgggctggatccgtcagcccccaggaaaggccctggagtggcttgcactcgttgattgggatgatgatag 
gcgctacaggccatctttgaagagcaggctcaccgtcaccaaggacacctccaaaaaccaggtggtccttacaatgaccaacatgg 

35 accctgtggacacagccacatattactgtgcacacagtgcctactatactagtagtggttattaccttcaatacttccatcactggggcc 
cgggcaccctggtcaccgtctcgagt
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Clone No. 881: 
gaggtgcagctggtggagtctgggggaggcgtggtacagcctggaggctccctgagactctcctgtgaagtctccggattcaccttc 
aatagttatgaaatgacctgggtccgccaggccccagggaaggggctggagtgggtttcacacattggtaatagtggttctatgata 
tactacgctgactctgtgaagggccgattcaccatctccagagacaacgccaagaactcactatatctgcaaatgaacagcctgaga 

5 gtcgaggacacggctgtttattactgtgcgaggtcagattactatgatagtagtggttattatctcctctacttagactcctggggccat 
ggaaccctggtcaccgtctcgagt 

Clone No. 884: 
caggtgcagctggtgcagtctggggctgaggtgaggaagcctggggcctcagtgaaggtttcctgcaaggcttctggacatactttc 
attaactttgctatgcattgggtgcgccaggcccccggacaggggcttgagtggatgggatacatcaacgctgtcaatggtaacaca 

10 cagtattcacagaagttccagggcagagtcacctttacgagggacacatccgcgaacacagcctacatggagctgagcagcctgag 
atctgaagacacggctgtgtattactgtgcgagaaacaatgggggctctgctatcattttttactactggggccagggaaccctggtc 
accgtctcgagt 

Clone No. 886: 
caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccctgagactctcctgtgcagcctctggattcagcttc 

15 agtagctatggcatgcactgggtccgccaggctccaggcaaggggctggagtgggtggcagttatatcaaatgatggaagtaataa 
atactatgcagactccgtgaagggccgattcaccatctccagagacaattccaagaaaacgatgtatctgcaaatgaacagcctgag 
agctgaggacacggctgtgtatttctgtgcgaagacaacagaccagcggctattagtggactggttcgacccctggggccagggaa 
ccctggtcaccgtctcgagt 

Clone No. 888: 
20 cagctgcagctgcaggagtcgggcccaggactggtgaagccatcggagaccctgtccctcacctgcactgcctctggtggctccatc 

aacagtagtaatttctactggggctggatccgccagcccccagggaaggggctggagtggattgggagtatcttttatagtgggacc 
acctactacaacccgtccctcaagagtcgagtcaccatatccgtagacacgtccaagaaccagttctccctgaagctgagccctgtga 
ccgccgcagacacggctgtctatcactgtgcgagacatggcttccggtattgtaataatggtgtatgctctataaatctcgatgcttttg 
atatctggggccaagggacaatggtcaccgtctcgagt 

25 Clone No.894: 
caggtgcagctggtggagtctgggggaggcgtcgtccagcctggaaagtccctgagactctcctgtgcagcgtctggattcagattc 
agtgactacggcatgcactgggtccggcaggctccaagcaaggggctggagtgggtggcagttatctggcatgacggaagtaata 
taaggtatgcagactccgtgaggggccgattttccatctccagagacaattccaagaacacgctgtatttgcaaatgaacagcatga 
gagccgacgacacggctttttattattgtgcgagagtcccgttccagatttggagtggtctttattttgaccactggggccagggaacc 

30 ctggtcaccgtctcgagt 

In the same clones, the complete amino acid sequences of the light chains (i.e. light chains 
including constant and variable regions) have the following amino acid sequences, which are 

also set forth as SEQ ID NOs: 89-132: 

Clone No. 735: 
35 EIVLTQSPATLSLSPGERATLSCRASQSVNSHLAWYQQKPGQAPRLLIYNTFNRVTGIPARFSGSGSGTDF 

TLTISSLATEDFGVYYCQQRSNWPPALTFGGGTKVEI KRTVAAPSVFI FPPSDEQLKSGTASVVCLLNN FYP
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REAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFN 
RGEC 

Clone No. 736: 
DIQMTQSPSSLSASVGDRVTFTCRASQRISNHLNWYQQKPGKAPKLLIFGASTLQSGAPSRFSGSGSGT 

5 DFTLTITNVQPDDFATYYCQQSYRTPPINFGQGTRLDIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFY 
PREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSF 
NRGEC 

Clone No. 744: 
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIYGASSRATGIPDRFSGSGSGT 

10 DFTLTISRLEPEDFAVYYCQQYDSSLSTWTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNF 
YPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKS 
FNRGEC 

Clone No. 793: 
DIQMTQSPSSLSASVGDRVTITCRASQSITGYLNWYQQKPGKAPKLLIYATSTLQSEVPSRFSGSGSGTD 

15 FTLTISSLQPEDFATYYCQQSYNTLTFGGGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPRE 
AKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRG 
EC 

Clone No. 795: 
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIHGASTGATGTPDRFSGSGSGT 

20 DFTLTISTLEPEDFAVYYCQQYGRTPYTFGQGTKLENKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYP 

REAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFN 
RGEC 

Clone No. 796: 
DIVMTQTPLSLSVTPGQPASISCRSSQSLLRSDGKTFLYWYLQKPGQSPQPLMYEVSSRFSGVPDRFSGS 

25 GSGADFTLNISRVETEDVGIYYCMQGLKIRRTFGPGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLN 
N FYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKH KVYACEVTHQGLSSPVT 

KSFNRGEC 

Clone No. 799: 
DIQMTQSPSTLSASVGDRVTFSCRASQSVSSWVAWYQQKPGKAPKLLISEASNLESGVPSRFSGSGSGT 

30 EFTLTISSLQPEDFATYYCQQYHSYSGYTFGQGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFY 
PREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSF 
NRGEC 

Clone No. 800: 
AIQLTQSPSSLSASVGDRVTLTCRASQGITDSLAWYQQKPGKAPKVLLYAASRLESGVPSRFSGRGSGTD 

35 FTLTISSLQPEDFATYYCQQYSKSPATFGPGTKVEIRRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPRE
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AKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRG 

EC 

Clone No. 801: 

DIVMTQSPLSLPVTPGEPASISCRSSQSLLNSNGFNYVDWYLQKPGQSPQLLIYLGSNRASGVPDRFSGS 

5 GSGTDFTLKISRVEAEDVGVYYCMQALETPLTFGGGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLL 

NNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPV 

TKSFNRGEC 

Clone No. 804: 

EIVLTQSPGTLSLSPGGRATLSCRASQSVSSGYLAWYQQKPGQAPRLLIYGASGRATGIPDRFSGSGSGT 

10 DFTLTISRLEPEDFAVYYCQQYFGSPYTFGQGTKLELKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYP 

REAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFN 

RGEC 

Clone No. 810: 

NIQMTQSPSAMSASVGDRVTITCRASQGISNYLVWFQQKPGKVPKRLIYAASSLQSGVPSRFSGSGSGT 

15 EFTLTISSLQPEDFATYYCLQHNISPYTFGQGTKLETKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPR 

EAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNR 

GEC 

Clone No. 811: 

DIVMTQSPDSLAVSLGERATINCRSSETVLYTSKNQSYLAWYQQKARQPPKLLLYWASTRESGVPARFSG 

20 SGSGTDFrLAISSLQAEDVAVYYCQQFFRSPFTFGPGTRLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLL 

NNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPV 

TKSFNRGEC 

Clone No. 812: 

EIVLTQSPGTLSLSPGERVTLSCRASQSVSSSYIAWYQQKPGQAPRLVIYAASRRATGVPDRFSGSGSAT 

25 DFTLTISRLEPEDLAVYYCQHYGNSLFTFGPGTKVDVKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYP 

REAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFN 

RGEC 

Clone No. 814: 

DIQMTQSPSTLSASVGDRVTITCRASQSIGSRLAWYQQQPGKAPKFLIYDASSLESGVPSRFSGSGSGTE 

30 FTLTISSLQPEDLATYYCQQYNRDSPWTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYP 

REAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFN 

RGEC 

Clone No. 816: 

DIVMTQSPLSLPVTPGEPASISCRSSQSLLHSDGRYYVDWYLQKPGQSPHLLIYLASNRASGVPDRFTGS 

35 GSGTDFLKISRVEAEDVGVYYCMQGLHTPWTFGQGTKVDIKRTVAAPSVFIFPPSDEQLKSGTASVVCL
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LNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSP 
VTKSFNRGEC 

Clone No. 817: 

EIVMTQSPATLSASPGERATLSCWASQTIGGNLAWYQQKPGQAPRLLIYGASTRATGVPARFSGSGSGTE 

5 FTLAISSLQSEDFAVYYCQQYKNWYTFGQGTKLELKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPR 

EAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNR 

GEC 

Clone No. 818: 

DIQMTQSPSSLSASVGDRVTITCRASQTIASYVNWYQQKPGRAPSLLIYAASN LQSGVPPRFSGSGSGTD 

10 FTLTISGLQPDDFATYYCQQSYSYRALTFGGGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYP 
REAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFN 
RGEC 

Clone No. 819: 

EIVLTQSPATLSLSPGERATLSCRASQSVSSSLAWYQQTPGQAPRLLIYDASYRVTGIPARFSGSGSGIDF 

15 TLTISSLEPEDFAVYYCQQRSNWPPGLTFGGGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYP 

REAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFN 

RGEC 

Clone No. 824: 

AIQLTQSPSSLSASVGDTVTVTCRPSQDISSALAWYQQKPGKPPKLLIYGASTLDYGVPLRFSGTASGTHF 

20 TLTISSLQPEDFATYYCQQFNTYPFTFGPGTKVDIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREA 

KVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFN RGE 

C 

Clone No. 825: 

DIVMTQSPDSLAVSLGERATINCKSSQSVLYNSNNKNYLAWYQQKPGQPPKLLIHLASTREYGVPDRFSG 

25 SGSGTDFALIISSLQAEDVAVYYCQQYYQTPLTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLL 

NNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPV 

TKSFNRGEC 

Clone No. 827: 

DIQMTQSPSSLAASVGDRVTITCRASQFISSYLHWYQQRPGKAPKLLMYAASTLQSGVPSRFSGSGSGT 

30 DFTLTISSLQPEDFATYYCQQSYTNPYTFGQGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYP 

REAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFN 

RGEC 

Clone No. 829: 

DIQMTQSPSSLSASVGDRVTITCRASQSIASYLNWYQQKPGKAPKLLIYAASSLHSGVPSRFSGSGSGTD 

35 FTLTISSLQPEDFATYYCQHSYSTRFTFGPGTKVDVKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPR
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EAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNR 

GEC 

Clone No. 830: 

DIQMTQSPSTLSASVGDRVTITCRASQSVTSELAWYQQKPGKAPNFLIYKASSLESGVPSRFSGSGSGTE 

5 FTLTISSLQPDDFATYYCQQYNSFPYTFGQGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPR 

EAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNR 

GEC 

Clone No. 831: 

DIQMTQSPSTLSASVGDRLTITCRASQNIYNWLAWYQQKPGKAPKLLIYDASTLESGVPSRFSGSGSGTE 

10 FTLTISSLQPDDFATYYCQQYNSLSPTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPR 

EAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNR 

GEC 

Clone No. 835: 

DIQLTQSPSFLSASLEDRVTITCRASQGISSYLAWYQQKPG KAPKLLLDAASTLQSGVPSRFSGSGSGTEF 

15 TLTISSLQPEDFATYYCQQLNSYPRTFGQGTKVDIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPRE 

AKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRG 

EC 

Clone No. 838: 

DIQMTQSPSSLSASVGDRVSITCRASQGISNYLAWYQQKPGKVPKLLIYAASTLQSGVPSRFSGSGSGTD 

20 FTLTISSLQPEDVATYYCQKYNSAPQTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPR 

EAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNR 

GEC 

Clone No. 841: 

DIVMTQSPDSLAVSLGERATINCRSSQSVLYSSNNKNYLAWYQQKPGQPPKLLVYWASTRASGVPDRFS 

25 GSGSGTDFTLTLSSLQAEDVAVYYCQQFHSTPRTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVC 

LLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSS 

PVTKSFNRGEC 

Clone No. 853: 

EIVLTQSPGTLSLSPGERATLSCRASQSVSSNYLAWYQQKPGQAPRLLIYGASSRAAGMPDRFSGSGSGT 

30 DFTLTISRLEPEDFAVYYCQQYGNSPLTFGGGTEVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYP 

REAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFN 

RGEC 

Clone No. 855: 

DIQMTQSPSSVSASVGDRVTITCRASQAISNWLAWYQQKPGKAPKLLIYAASSLQSGVPSRFSGSGSGT 

35 DFTLTISGLQPEDFATYYCQQADTFPFTFGPGTKVDIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYP
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REAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFN 

RGEC 

Clone No. 856: 

DIVMTQTPLSLPVTPGEPASISCRSSQSLLDSNDGNTYLDWYLQKPGQSPQLLIYTFSYRASGVPDRFSGS 

5 GSGTDFTLKISRVEAEDVGVYYCMQRIEFPYTFGQGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLN 

NFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVT 

KSFNRGEC 

Clone No. 857: 

DIVMTQSPLSLPVTPGEPASISCRSSQSLLHRNEYNYLDWYLQKPGQSPQLLIYWGSNRASGVPDRFSGS 

10 GSGTDFTLKISRVEAEDVGVYYCMQTLQTPRTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLL 

NNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPV 

TKSFNRGEC 

Clone No. 858: 

DIQMTQSPSSVSASVGDRVTITCQASQDISNYLNWYQQKPGKAPKLLIFDATKLETGVPTRFIGSGSGTD 

15 FTVTITSLQPEDVATYYCQH FAN LPYTFGQGTKLEI KRTVAAPSVFIFPPSDEQLKSGTASVVCLLN N FYPRE 

AKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRG 

EC 

Clone No. 859: 

DIQMTQSPSSLSASVGDRVTITCRASQGIRNYLAWYQQKPGKVPKLLVFAASTLQSGVPSRFSGSGSGT 

20 DFTLTISSLQPEDVATYYCQRYNSAPLTFGGGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYP 

REAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFN 

RGEC 

Clone No. 861: 

DIQMTQSPSSLSASVGDRVTITCRASQIIASYLNWYQQKPGRAPKLLIYAASSLQSGVPSRFSGSGSGTD 

25 FTLTISSLQPEDFATYYCQQSYSTPIFTFGPGTKVNIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPR 

EAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNR 

GEC 

Clone No. 863: 

EIVLTQSPATLSLSPGERATLSCRTSQSVSSYLAWYQQKPGQAPRLLIYDASNRATGIPARFSGSGSGTDF 

30 TLTISSLEPEDFAVYYCQQRSDWLTFGGGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREA 

KVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGE 

C 

Clone No. 868: 

EIVMTQSPATLSVSPGERATLSCRASQSIKNNLAWYQVKPGQAPRLLTSGASARATGIPGRFSGSGSGTD 

35 FTLTISSLQSEDIAVYYCQEYNNWPLLTFGGGTKVEIQRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYP
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REAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFN 
RGEC 

Clone No. 870: 

DIQMTQSPPSLSASVGDRVTITCRASQRIASYLNWYQQKPGRAPKLLIFAASSLQSGVPSRFSGSGSGTD 
5 FTLTISSLQPEDYATYYCQQSYSTPIYTFGQGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPR 

EAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNR 
GEC 

Clone No. 871: 
DIQMTQS PSSLSASVGDRVTITCQASQGISNYLNWYQQKPGKAPKLLIFDASN LESEVPSRFSG RGSGTD 

10 FTFSISSLQPEDIATYFCQQYDNFPYTFGQGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPRE 

AKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRG 

EC 

Clone No. 880: 

DIQMTQSPSSLAASVGDRVTITCRASQTIASYVNWYQQKPGKAPNLLIYAASSLQSGVPSRFSGSGSGTD 

15 FTLTISSLQPEDFASYFCQQSYSFPYTFGQGTKLDIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPRE 

AKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRG 

EC 

Clone No. 881: 

DIQMTQSPSSLSASVGDRVTITCRASQTIASYVNWYQQKPGKAPKLLIYAASNLQSGVPSRFSGSGSGTD 

20 FTLTISSLQPEDFATYYCQQSYSVPRLTFGGGTKVDITRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYP 

REAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFN 

RGEC 

Clone No. 884: 

DIQMTQSPSSLSASVGDRVTITCRSSQTISVFLNWYQQKPGKAPKLLIYAASSLHSAVPSRFSGSGSGTD 

25 FTLTISSLQPEDSATYYCQESFSSSTFGGGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPRE 

AKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRG 

EC 

Clone No. 886: 

EIVMTQSPATLSVSPGETATLSCRASQSVSSNLAWYQHKPGQAPRLLIHSASTRATGIPARFSGSGSGTE 

30 FTLTISSLQSEDFAVYYCQQYNMWPPWTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFY 

PREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSF 

NRGEC 

Clone No. 888: 
DIVMTQSPLSLPVTPGAPASISCRSSQSLLRTNGYNYLDWYLQKPGQSPQLLIYLGSIRASGVPDRFSGSG 

35 SGTDFTLKISRVEAEDVGVYYCMQSLQTSITFGQGTRLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNN
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FYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTK 
SFNRGEC 

Clone No. 894: 
EIVMTQSPATLSVSPGERATLSCRASQSVGNNLAWYQQRPGQAPRLLIYGASTRATGIPARFSGSGSGTE 

5 FTLTISSLQSEDFAVYYCQQYDKWPETFGQGTKVDIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYP 
REAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFN 
RGEC 

The light chain encoding nucleic acid fragments in these clones have the following nucleic 
acid sequences, which are also provided as SEQ ID NOs: 133-176: 

10 Clone No 735: 
gaaattgtgttgacacagtctccagccaccctgtccttgtctccaggagaaagagccaccctctcctgcagggccagtcagagtgtta 
acagccacttagcctggtaccaacagaaacctggccaggctcccaggctcctcatctataatacattcaatagggtcactggcatccc 

agccaggttcagtggcagtgggtctgggacagacttcactctcaccatcagcagccttgcgactgaagattttggcgtttattactgtc 
agcagcgtagcaactggcctcccgccctcactttcggcggagggaccaaagtggagatcaaacgaactgtggctgcaccatctgtct 

15 tcatcttcccgccatctgatg agcagttgaaatctggaactg cctctgttgtgtgcctg ctgaataacttctatcccagagag gccaaag 
tacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctaca 
gcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgag 
ctcgcccgtcacaaagagcttcaacaggggagagtgt 

Clone No 736: 
20 gacatccagatgacccagtctccatcctccctgtctgcatctgtgggagacagagtcaccttcacttgccgggccagtcagaggatta 

gcaaccatttaaattggtatcaacaaaagccagggaaagcccctaaactcctgatctttggtgcatccactcttcaaagtggggcccc 

atcaaggttcagtggcagtggatctgggacagatttcactctcaccatcactaatgtacaacctgacgattttgcaacttactactgtca 
acagagttacagaactcccccgatcaacttcggccaagggacacgcctggacattaagcgaactgtggctgcaccatctgtcttcatc 
ttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtaca 

25 gtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctc 
agcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgc 
ccgtcacaaagagcttcaacaggggagagtgt 

Clone No 744: 
gaaattgtgttgacgcagtctccaggcaccctgtctttgtctccaggggaaagagccaccctctcctgcagggccagtcagagtgtta 

30 gcagcagctacttagcctggtatcagcagaaacctggccaggctcccaggctcctcatctatggtgcatccagcagggccactggca 
tcccagacaggttcagtggcagtgggtctgggacagacttcactctcaccatcagcagactggagcctgaagattttgcagtgtatta 
ctgtcagcagtatgatagctcactttctacgtggacgttcggccaagggaccaaggtggaaatcaaacgaactgtggctgcaccatc 
tgtcttcatcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggcc 
aaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacc 

35 tacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcc 
tgagctcgcccgtcacaaagagcttcaacaggggagagtgt
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Clone No 793: 
gacatccagatgacccagtctccatcctccctgtctgcatctgtaggagacagagtcaccatcacttgccgggcaagtcagagcatta 
ccggctatttaaattggtatcagcagaaaccagggaaagcccctaaactcctgatctatgctacatccactttgcaaagtgaggtccc 
atcaaggttcagtggcagtggatctgggacagatttcactctcaccatcagcagtcttcaacctgaagattttgcaacttactactgtca 

5 acagagttataataccctcactttcggcggagggaccaaggtggagatcaaacgaactgtggctgcaccatctgtcttcatcttcccg 
ccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtacagtgga 
aggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctcagca 
gcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgcccgt 
cacaaagagcttcaacaggggagagtgt 

10 Clone No 795: 
gaaattgtgttgacgcagtctccaggcaccctgtctttgtctccaggggaaagagccaccctctcctgcagggccagtcagagtgtta 
gcagcagctacttagcctggtatcagcagaaacctggccaggctcccaggctcctcatacatggcgcatccaccggggccactggca 
ccccagacaggttcagtggcagtgggtctgggacagacttcactctcaccatcagtacactggagcctgaagattttgcagtgtatta 
ctgtcagcaatatggtaggacaccgtacacttttggccaggggaccaagctggagaacaaacgaactgtggctgcaccatctgtctt 

15 catcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagt 
acagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacag 
cctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagc 
tcgcccgtcacaaagagcttcaacaggggagagtgt 

Clone No 796: 
20 gatattgtgatgacccagactccactctctctgtccgtcacccctggacagccggcctccatctcctgcaggtctagtcagagcctcctg 

cgaagtgatggaaagacgtttttgtattggtatctgcagaagccaggccagtctccccaacccctaatgtatgaggtgtccagccggt 
tctctggagtgccagataggttcagtggcagcgggtcaggggcagatttcacactgaacatcagccgggtggagactgaggatgtt 
gggatctattactgcatgcaaggtttgaaaattcgtcggacgtttggcccagggaccaaggtcgaaatcaagcgaactgtggctgca 
ccatctgtcttcatcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagag 

25 aggccaaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggaca 
gcacctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaacaaaagtctacgcctgcgaagtcacccatca 
gggcctgagctcgcccgtcacaaagagcttcaacaggggagagtgt 

Clone No 799: 
gacatccagatgacccagtctccttccaccctgtctgcatctgtaggagacagagtcaccttctcttgccgggccagtcagagtgttag 

30 tagttgggtggcctggtatcagcagaaaccaggaaaagcccctaagctcctgatctctgaggcctccaatttggaaagtggggtccc 
atcccggttcagcggcagtggatccgggacagaattcactctcaccatcagcagcctgcagcctgaagattttgcaacttattactgcc 

aacagtatcatagttactctgggtacacttttggccaggggaccaagttggaaatcaagcgaactgtggctgcaccatctgtcttcatc 
ttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtaca 
gtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctc 

35 agcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgc 
ccgtcacaaagagcttcaacaggggagagtgt
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Clone No 800: 
gccatccagttgacccagtctccatcgtccctgtctgcatctgtaggcgacagagtcaccctcacttgccgggcgagtcagggcattac 
cgattctttagcctggtatcagcagaaaccagggaaagcccctaaggtcctgctctatgctgcttccagattggaaagtggggtccca 
tccaggttcagtggccgtggatctgggacggatttcactctcaccatcagcagcctgcagcctgaagactttgcaacttattactgtca 

5 acagtattctaagtcccctgcgacgttcggcccagggaccaaggtggaaatcagacgaactgtggctgcaccatctgtcttcatcttcc 

cgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtacagtg 
gaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctcag 
cagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgccc 
gtcacaaagagcttcaacaggggagagtgt 

10 Clone No 801: 
gatattgtgatgacccagtctccactctccctgcccgtcacccctggagagccggcctccatctcctgcaggtctagtcagagcctccta 
aatagtaatggattcaactatgtggattggtacctgcagaagccagggcagtctccacaactcctgatctatttgggttctaatcgggc 
ctccggggtccctgacaggttcagtggcagtggatcaggcacagattttacactgaaaatcagcagagtggaggctgaggatgttg 
gggtttattactgcatgcaagctctagaaactccgctcactttcggcggagggaccaaggtggagatcaaacgaactgtggctgcac 

15 catctgtcttcatcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagaga 
ggccaaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacag 
cacctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcag 
ggcctgagctcgcccgtcacaaagagcttcaacaggggagagtgt 

Clone No 804: 
20 gaaattgtgttgacgcagtctccaggcaccctgtctttgtctccagggggaagagccaccctctcctgcagggccagtcagagtgtta 

gcagcggctacttagcctggtaccagcagaaacctggccaggctcccaggctcctcatctatggtgcatccggcagggccactggca 

tcccagacaggttcagtggcagtgggtctgggacagacttcactctcaccatcagcagactggagcctgaagattttgcagtgtatta 

ctgtcagcagtattttggctcaccgtacacttttggccaggggaccaagctggagctcaaacgaactgtggctgcaccatctgtcttca 
tcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtac 

25 agtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcc 
tcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctc 
gcccgtcacaaagagcttcaacaggggagagtgt 

Clone No 810: 
aacatccagatgacccagtctccatctgccatgtctgcatctgtaggagacagagtcaccatcacttgtcgggcgagtcagggcatta 

30 gtaattatttagtctggtttcagcagaaaccagggaaagtccctaagcgcctgatctatgctgcatccagtttgcaaagtggggtccca 

tcaaggttcagcggcagtggatctgggacagaattcactctcacaatcagcagcctgcagcctgaagattttgcaacttattactgtct 

acagcataatatttccccttacacttttggccaggggaccaagctggagaccaaacgaactgtggctgcaccatctgtcttcatcttcc 
cgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtacagtg 
gaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctcag 

35 cagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgccc 
gtcacaaagagcttcaacaggggagagtgt



WO 2007/101441 PCT/DK2007/000113 

76 

Clone No 811: 
gacatcgtgatgacccagtctccagactccctggctgtgtctctgggcgagagggccaccatcaactgcaggtccagtgagactgttt 
tatacacctctaaaaatcagagctacttagcttggtaccagcagaaagcacgacagcctcctaaactactcctttactgggcatctacc 
cgggaatccggggtccctgcccgattcagtggcagcggatctgggacagatttcactctcgccatcagcagcctgcaggctgaagat 

5 gtggcagtttattactgtcagcaattttttaggagtcctttcactttcggccccgggaccagactggagattaaacgaactgtggctgca 

ccatctgtcttcatcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagag 
aggccaaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggaca 

gcacctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatca 
gggcctgagctcgcccgtcacaaagagcttcaacaggggagagtgt 

10 Clone No 812: 
gaaattgtgttgacgcagtctccaggcaccctgtctttgtctccaggggaaagagttaccctctcttgcagggccagtcagagtgttag 

cagcagttacatagcctggtaccagcagaagcctggccaggctcccaggctcgtcatctatgctgcatcccgcagggccactggcgt 
cccagacaggttcagtggcagtgggtctgcgacagacttcactctcaccatcagtagactggagcctgaagatcttgcagtgtattac 

tgtcagcactatggtaactcactattcactttcggccctgggaccaaggtggatgtcaaacgaactgtggctgcaccatctgtcttcatc 
15 ttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtaca 

gtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctc 
agcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgc 

ccgtcacaaagagcttcaacaggggagagtgt 

Clone No 814: 

20 gacatccagatgacccagtctccctccaccctgtctgcatctgtcggagacagagtcaccatcacttgccgggccagtcagagtattg 
gtagccggttggcctggtatcagcagcaaccagggaaagcccctaaattcctgatctatgatgcctccagtttggaaagtggggtcc 
catcaaggttcagcggcagtggatcagggacagaattcactctcaccatcagcagcctgcagccggaggatcttgcaacttattact 

gccaacagtacaatagagattctccgtggacgttcggccaagggaccaaggtggaaatcaagcgaactgtggctgcaccatctgtc 

ttcatcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaa 
25 gtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctac 

agcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctga 
gctcgcccgtcacaaagagcttcaacaggggagagtgt 

Clone No 816: 

gatattgtgatgacccagtctccactctccctgcccgtcaccccaggagagccggcctccatctcctgcaggtctagtcagagcctcct 
30 gcatagtgatggacgctactatgtggattggtacctgcagaagccagggcagtctccacacctcctgatctatttggcttctaatcggg 

cctccggggtccctgacaggttcactggcagtggatcaggcacagattttacactgaaaatcagcagagtggaggctgaggatgtt 

ggcgtttattactgcatgcaaggtctacacactccttggacgttcggccaggggaccaaggtggacatcaagcgaactgtggctgca 

ccatctgtcttcatcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagag 

aggccaaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggaca 

35 gcacctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatca 
gggcctgagctcgcccgtcacaaagagcttcaacaggggagagtgt



WO 2007/101441 PCT/DK2007/000113 

77 

Clone No 817: 
gaaattgtaatgacacagtctccagccaccctgtctgcgtccccaggggaaagagccaccctctcctgttgggccagtcagactattg 
gaggcaacttagcctggtaccagcagaaacctggccaggctcccaggctcctcatctatggtgcatccaccagggccactggtgtcc 
cagccaggttcagtggcagtgggtctgggacagagttcactctcgccatcagcagcctgcagtctgaagattttgcagtttattactgt 

5 cagcagtataaaaactggtacacttttggccaggggaccaagctggagctcaaacgaactgtggctgcaccatctgtcttcatcttcc 
cgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtacagtg 
gaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctcag 
cagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgccc 
gtcacaaagagcttcaacaggggagagtgt 

10 Clone No 818: 
gacatccagatgacccagtctccatcctccctgtctgcatctgtaggagacagagtcaccatcacttgccgggcaagtcagaccattg 
ccagttacgtaaattggtaccaacaaaaaccagggagagcccctagtctcctgatctatgctgcatctaacttgcagagtggggtccc 
accaaggttcagtggcagtggatctgggacagacttcactctcaccatcagcggtctgcaacctgacgattttgcaacttattactgtc 
aacagagttacagttatcgagcgctcactttcggcggagggaccaaggtggagatcaaacgaactgtggctgcaccatctgtcttca 

15 tcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtac 
agtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcc 
tcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctc 
gcccgtcacaaagagcttcaacaggggagagtgt 

Clone No 819: 
20 gaaattgtgttgacacagtctccagccaccctgtcgttgtccccaggggaaagagccaccctctcctgcagggccagtcagagtgtta 

gcagctccttagcctggtaccaacagacacctggccaggctcccaggcttctcatctatgatgcgtcctacagggtcactggcatccca 
gccaggttcagtggcagtgggtctgggatagacttcactctcaccatcagcagcctagagcctgaagattttgcagtttactattgtca 
gcagcgtagcaactggcctccggggctcactttcggcggggggaccaaggtggagatcaaacgaactgtggctgcaccatctgtct 
tcatcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaag 

25 tacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctaca 
gcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgag 
ctcgcccgtcacaaagagcttcaacaggggagagtgt 

Clone No 824: 
gccatccagttgacccagtctccatcctccctgtctgcatctgttggagacacagtcaccgtcacttgccggccaagtcaggacattag 

30 cagtgctttagcctggtatcagcagaaaccagggaaacctcctaagctcctgatctatggtgcctccactttggattatggggtcccat 
taaggttcagcggcactgcatctgggacacatttcactctcaccatcagcagcctgcaacctgaagattttgcaacttattactgtcaac 

agtttaatacttacccattcactttcggccctgggaccaaagtggatatcaaacgaactgtggctgcaccatctgtcttcatcttcccgcc 
atctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtacagtggaag 
gtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctcagcagca 

35 ccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgcccgtcaca 
aagagcttcaacaggggagagtgt
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Clone No 825: 
gacatcgtgatgacccagtctccagactccctggctgtgtctctgggcgagagggccaccatcaactgcaagtccagccagagtgttt 
tatacaactccaacaataagaactacttagcctggtatcagcagaaaccaggacagcctcctaagctcctcattcacttggcatctacc 
cgggaatacggggtccctgaccgattcagtggcagcgggtctgggacagatttcgctctcatcatcagcagcctgcaggctgaagat 

5 gtggcagtttattactgtcaacaatattatcaaactcctctaacttttggccaggggaccaaggtggagatcaaacgaactgtggctg 
caccatctgtcttcatcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccag 
agaggccaaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaagg 
acagcacctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcaccca 
tcagggcctgagctcgcccgtcacaaagagcttcaacaggggagagtgt 

10 Clone No 827: 
gacatccagatgacccagtctccatcctccctggctgcatctgtag gag acagagtcaccatcacttgccggg caagtcagttcatta 

gcagctatttacattggtatcagcaaagaccaggcaaggcccctaaactcctgatgtatgctgcctccactttgcaaagtggggtccc 
atcaaggttcagtggcagtggatctgggacagatttcactctcaccatcagcagtctgcaacctgaagattttgcaacttactactgtc 
aacagagttacactaacccatacacttttggccaggggaccaagctggagatcaaacgaactgtggctgcaccatctgtcttcatctt 

15 cccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtacagt 
ggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctca 
gcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgcc 
cgtcacaaagagcttcaacaggggagagtgt 

Clone No 829: 
20 gacatccagatgacccagtctccatcctccctatctgcatctgtaggagacagagtcaccatcacttgccgggcaagtcagagcattg 

ccagctatttaaattggtatcagcagaaaccagggaaagcccccaaactcctgatctatgctgcatccagtttgcatagtggggtccc 
atcaagattcagtggcagtggatctgggacagatttcactctcaccatcagcagtctgcaacctgaagattttgcaacttactactgtc 
aacacagttacagtactcgattcactttcggccctgggaccaaagtggatgtcaaacgaactgtggctgcaccatctgtcttcatcttcc 
cgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtacagtg 

25 gaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctcag 
cagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgccc 
gtcacaaagagcttcaacaggggagagtgt 

Clone No 830: 
gacatccagatgacccagtctccttcgaccctgtctgcatctgtaggagacagagtcaccatcacttgccgggccagtcagagtgtta 

30 ctagtgagttggcctggtatcagcagaaaccagggaaagcccctaacttcctgatctataaggcgtctagtttagaaagtggggtcc 
catcaaggttcagcggcagtggatctgggacagaattcactctcaccatcagcagcctgcagcctgatgattttgcaacttattactgc 

caacagtataatagttttccgtacacttttggccaggggaccaagctggagatcaaacgaactgtggctgcaccatctgtcttcatctt 
cccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtacagt 
ggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctca 

35 gcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgcc 
cgtcacaaagagcttcaacaggggagagtgt
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Clone No 831: 
gacatccagatgacccagtctccttccaccctgtctgcatctgtaggcgacagactcaccatcacttgccgggccagtcagaatattta 

taactggttggcctggtatcagcagaaaccagggaaagcccctaaactcctgatctatgacgcctccactttggaaagtggggtccc 

atcaaggttcagcggcagtggatctgggacagagttcactctcaccatcagcagcctgcagcctgatgattttgcgacttattactgcc 

5 aacaatataatagtttgtctccgacgttcggccaagggaccaaggtggaaatcaagcgaactgtggctgcaccatctgtcttcatcttc 
ccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtacagt 
ggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctca 

gcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgcc 
cgtcacaaagagcttcaacaggggagagtgt 

10 Clone No 835: 
gacatccagttgacccagtctccatccttcctgtctgcatctttagaagacagagtcactatcacttgccgggccagtcagggcattag 
cagttatttagcctggtatcagcaaaaaccagggaaagcccctaagctcctgctcgatgctgcatccactttgcaaagtggggtccca 

tcaaggttcagcggcagtggatctgggacagagttcactctcacaatcagcagcctgcagcctgaagattttgcaacttattactgtca 
acagcttaatagttaccctcggacgttcggccaagggaccaaggtggacatcaaacgaactgtggctgcaccatctgtcttcatcttc 

15 ccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtacagt 
ggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctca 
gcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgcc 
cgtcacaaagagcttcaacaggggagagtgt 

Clone No 838: 
20 gacatccagatgacccagtctccatcctccctgtctgcatctgtaggagacagagtcagcatcacttgccgggcgagtcagggcatta 

gcaattatttagcctggtatcagcagaaaccagggaaggttcctaagctcctgatctatgctgcatccactttgcaatcaggggtccca 
tctcggttcagtggcagtggatctgggacagatttcactctcaccatcagcagcctgcagcctgaggatgttgcaacttattactgtca 
aaagtataacagtgcccctcaaacgttcggccaagggaccaaggtggaaatcaaacgaactgtggctgcaccatctgtcttcatctt 
cccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtacagt 

25 ggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctca 
gcagcaccctgacgctgagcaaagcagactacgagaaacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgcc 
cgtcacaaagagcttcaacaggggagagtgt 

Clone No 841: 

gacatcgtgatgacccagtctccagactccctggctgtgtctctgggcgagagggccaccatcaactgcaggtccagccagagtgttt 

30 tatacagctccaacaataagaactacttagcttggtaccagcagaaaccaggacagcctcctaagctgctcgtttactgggcatcaac 
ccgggcatccggggtccctgaccgattcagtggcagcgggtctgggacagatttcactctcaccctcagcagcctgcaggctgaaga 

tgtggcagtttattactgtcagcagtttcatagtactcctcggacgttcggccaagggaccaaggtggagatcaaacgaactgtggct 
gcaccatctgtcttcatcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatccca 
gagaggccaaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaag 

35 gacagcacctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcaccc 
atcagggcctgagctcgcccgtcacaaagagcttcaacaggggagagtgt
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Clone No 853: 
gaaattgtgttgacgcagtctccaggcaccctgtctttgtctccaggggaaagagccaccctctcctgcagggccagtcagagtgtta 
gcagcaactacttagcctggtaccagcagaaacctggccaggctcccaggctcctcatctatggtgcatccagcagggccgctggca 
tgccagacaggttcagtggcagtgggtctgggacagacttcactctcaccatcagcagactggagcctgaagattttgcagtgtatta 

5 ctgtcagcagtatggtaactcaccgctcactttcggcggagggaccgaggtggagatcaaacgaactgtggctgcaccatctgtcttc 
atcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagt 
acagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacag 
cctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagc 
tcgcccgtcacaaagagcttcaacaggggagagtgt 

10 Clone No 855: 
gacatccagatgacccagtctccatcttctgtgtctgcatctgtaggagacagagtcaccatcacttgtcgggcgagtcaggctattag 
taactggttagcctggtatcagcagaaaccaggaaaagcccctaagctcctgatctatgctgcatccagtttgcaaagtggggtccca 
tcaagattcagcggcagtggatctgggacagatttcactctcactatcagcggcctgcagcctgaggattttgcaacttactattgtca 
acaggctgacactttccctttcactttcggccctgggaccaaagtggatatcaaacgaactgtggctgcaccatctgtcttcatcttccc 

15 gccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtacagtgg 
aaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctcagc 
agcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgcccg 
tcacaaagagcttcaacaggggagagtgt 

Clone No 856: 
20 gatattgtgatgacccagactccactctccctgcccgtcacccctggagagccggcctccatctcctgcaggtctagtcagagcctctt 

ggatagtaatgatggaaacacctatttggactggtacctgcagaagccagggcagtctccacagctcctgatttatacattttcctatc 
gggcctctggagtcccagacaggttcagtggcagtgggtctggcactgatttcacactgaaaatcagcagggtggaggccgaggat 
gttggagtttattactgcatgcaacgtatcgagtttccgtacacttttggccaggggaccaagctggagatcaaacgaactgtggctg 
caccatctgtcttcatcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccag 

25 agaggccaaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaagg 
acagcacctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcaccca 
tcagggcctgagctcgcccgtcacaaagagcttcaacaggggagagtgt 

Clone No 857: 
gatattgtgatgacccagtctccactctccctgcccgtcacccctggagagccggcctccatctcctgcaggtctagtcagagcctcctg 

30 catagaaatgagtacaactatttggattggtacttgcagaagccagggcagtctccacagctcctgatctattggggttctaatcggg 
cctccggggtccctgacaggttcagtggcagtggatcaggcacagattttacactgaaaatcagcagagtggaggctgaggatgtt 

ggggtttattactgcatgcaaactctacaaactcctcggacgttcggccaagggaccaaggtggaaatcaaacgaactgtggctgca 
ccatctgtcttcatcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagag 
aggccaaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggaca 

35 gcacctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatca 
gggcctgagctcgcccgtcacaaagagcttcaacaggggagagtgt
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Clone No 858: 
gacatccagatgacccagtctccatcctccgtgtctgcatctgtgggagacagagtcaccatcacttgccaggcgagtcaagacatta 
gcaactatttaaattggtatcagcagaaaccagggaaagcccctaagctcctgatcttcgatgcaaccaaattggagacaggggtcc 
caacaaggttcattggaagtggatctgggacagattttactgtcaccatcaccagcctgcagcctgaagatgttgcaacatattactgt 

5 caacactttgctaatctcccatacacttttggccaggggaccaagctggagatcaagcgaactgtggctgcaccatctgtcttcatcttc 
ccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtacagt 
ggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctca 
gcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgcc 
cgtcacaaagagcttcaacaggggagagtgt 

10 Clone No 859: 
gacatccagatgacccagtctccatcttccctgtctgcatctgtaggagacagagtcaccatcacttgccgggcgagtcagggcatta 
ggaattatttagcctggtatcagcagaaaccagggaaagttcctaagctcctggtctttgctgcatccactttgcaatcaggggtccca 
tctcggttcagtggcagtggatctgggacagatttcactctcaccatcagcagcctgcagcctgaggatgttgcaacttattactgtca 
aaggtataacagtgccccgctcactttcggcggagggacgaaggtggagatcaaacgaactgtggctgcaccatctgtcttcatcttc 

15 ccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtacagt 

ggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctca 
gcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgcc 
cgtcacaaagagcttcaacaggggagagtgt 

Clone No 861: 
20 gacatccagatgacccagtctccatcctccctgtctgcatctgtaggagacagagtcaccatcacttgccgggcaagtcagatcattgc 

cagctatttaaattggtatcagcagaaaccaggcagagcccctaagctcctgatctatgctgcatccagtttgcaaagtggggtccca 
tcaaggttcagtggcagtggatctgggacagatttcactctcaccatcagcagtctgcaacctgaagattttgcaacttactactgtca 
acagagttacagtacccccatattcactttcggccctgggaccaaggtgaatatcaaacgaactgtggctgcaccatctgtcttcatctt 
cccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtacagt 

25 ggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctca 
gcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgcc 
cgtcacaaagagcttcaacaggggagagtgt 

Clone No 863: 
gaaattgtgttgacacagtctccagccaccctgtctttgtctccaggggaaagagccaccctctcctgcaggaccagtcagagtgtta 

30 gcagctacttagcctggtaccaacagaaacctggccaggctcccaggctcctcatctatgatgcttccaatagggccactggcatccc 
agccaggttcagtggcagtgggtctgggacagacttcactctcaccatcagcagcctagagcctgaagattttgcagtttattactgtc 

agcagcgtagtgactggctcactttcggcggagggaccaaggtggagatcaaacgaactgtggctgcaccatctgtcttcatcttccc 
gccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtacagtgg 
aaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctcagc 

35 agcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgcccg 
tcacaaagagcttcaacaggggagagtgt
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Clone No 868: 
gaaattgtaatgacacagtctccagccaccctgtctgtgtctccaggggaaagagccaccctctcctgcagggccagtcagagtatta 
aaaacaacttggcctggtaccaggtgaaacctggccaggctcccaggctcctcacctctggtgcatccgccagggccacggaattc 
caggcaggttcagtggcagtgggtctgggactgacttcactctcaccatcagcagcctccagtctgaagatattgcagtttattactgt 

5 caggagtataataattggcccctgctcactttcggcggagggaccaaggtggagatccaacgaactgtggctgcaccatctgtcttca 
tcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtac 
agtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcc 
tcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctc 
gcccgtcacaaagagcttcaacaggggagagtgt 

10 Clone No 870: 
gacatccagatgacccagtctcctccctccctgtctgcatctgtgggagacagagtcaccatcacttgccgggcaagtcagaggattg 
ccagctatttaaattggtatcagcagaaaccagggagagcccctaagctcctgatctttgctgcatccagtttacaaagtggggtccc 
atcaaggttcagtggcagtggatctgggacagacttcactctcaccatcagtagtctgcaacctgaagattatgcgacttactactgtc 
aacagagttacagtactcccatctacacttttggccaggggaccaagctggagatcaaacgaactgtggctgcaccatctgtcttcat 

15 cttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtac 

agtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcc 
tcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctc 
gcccgtcacaaagagcttcaacaggggagagtgt 

Clone No 871: 
20 gacatccagatgacccagtctccatcctccctgtctgcatctgtaggagacagagtcaccatcacttgccaggcgagtcagggcatta 

gcaactatttaaattggtatcaacagaaaccagggaaagcccctaagctcctgatcttcgatgcatccaatttggaatcagaggtccc 
atcaaggttcagtggacgtggatctgggacagattttactttctccatcagcagcctgcagcctgaagatattgcaacatatttctgtca 
acagtatgataatttcccgtacacttttggccaggggaccaagctggag atcaaacgaactgtggctg caccatctgtcttcatcttcc 
cgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtacagtg 

25 gaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctcag 
cagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgccc 
gtcacaaagagcttcaacaggggagagtgt 

Clone No 880: 
gacatccagatgacccagtctccatcctccctggctgcatctgtaggagacagagtcaccatcacctgccgggcaagtcagacgatt 

30 gccagttatgtaaattggtatcaacagaaaccagggaaagcccctaatctcctgatctatgctgcatccagtttgcaaagtggggtcc 
catcaaggttcagtggcagtggatctgggacagatttcactctcaccatcagcagtctgcaacctgaagattttgcatcttacttctgtc 
aacagagttacagtttcccgtacacttttggccaggggaccaagctggatatcaaacgaactgtggctgcaccatctgtcttcatcttc 
ccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtacagt 
ggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctca 

35 gcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgcc 
cgtcacaaagagcttcaacaggggagagtgt
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Clone No 881: 
gacatccagatgacccagtctccatcctccctgtctgcatctgtaggagacagagtcaccatcacttgccgggcaagtcagaccattg 
ccagctatgtaaattggtatcagcagaaaccagggaaagcccctaagctcctgatctatgctgcatccaatttgcaaagtggggtccc 

ttcaaggttcagtggcagtggatctgggacagatttcactctcaccatcagcagtctgcaacctgaagattttgcaacttactactgtca 
5 acagagttacagtgtccctcggctcactttcggcggagggaccaaggtggacatcacacgaactgtggctgcaccatctgtcttcatc 

ttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtaca 

gtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctc 

agcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgc 
ccgtcacaaagagcttcaacaggggagagtgt 

10 Clone No 884: 
gacatccagatgacccagtctccatcctccctgtctgcatctgtaggagacagagtcaccatcacttgccggtcaagtcagaccattag 

cgtctttttaaattggtatcagcagaaaccagggaaagcccctaagctcctgatctatgccgcatccagtttgcacagtgcggtcccat 

caaggttcagtggcagtggatctgggacagatttcactctcaccatcagcagtctgcaacctgaagattctgcaacttactactgtcaa 

gagagtttcagtagctcaactttcggcggagggaccaaggtggagatcaaacgaactgtggctgcaccatctgtcttcatcttcccgc 
15 catctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtacagtggaa 

ggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctcagcag 

caccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgcccgtca 

caaagagcttcaacaggggagagtgt 

Clone No 886: 
20 gaaattgtaatgacacagtctccagccaccctgtctgtgtctccaggggaaacagccaccctctcctgcagggccagtcagagtgtta 

gcagcaacttagcctggtaccaacataaacctggccaggctcccaggctcctcatccatagtgcatccaccagggccactgggatcc 

cagccaggttcagtggcagtgggtctgggacagagttcactctcaccataagcagcctgcagtctgaagattttgcagtttattactgt 

cagcagtataatatgtggcctccctggacgttcggccaagggaccaaggtggaaatcaaacgaactgtggctgcaccatctgtcttc 

atcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagt 

25 acagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacag 

cctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagc 

tcgcccgtcacaaagagcttcaacaggggagagtgt 

Clone No 888: 
gatattgtgatgacccagtctccactctccctgcccgtcacccctggagcgccggcctccatctcctgcaggtctagtcagagcctcctg 

30 cgtactaatggatacaactatttggattggtacctgcagaagccagggcagtctccacagctcctgatctatttgggttctattcgggcc 

tccggggtccctgacaggttcagtggcagtggctcaggcacagattttacactgaaaatcagcagagtggaggctgaggatgttgg 

ggtttattactgcatgcaatctctacaaacttcgatcaccttcggccaagggacacgactggagattaaacgaactgtggctgcacca 

tctgtcttcatcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagagg 

ccaaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagca 

35 cctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcaggg 

cctgagctcgcccgtcacaaagagcttcaacaggggagagtgt
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Clone No 894: 
gaaattgtaatgacacagtctccagccaccctgtctgtgtctccgggggaaagagccaCcctctcctgcagggctagtcagagtgttg 
gcaacaacttagcctggtaccagcagagacctggccaggctcccagactcctcatctatggtgcgtccaccaggg cca ctggtatcc 
cagccaggttcagtggcagtgggtctgggacagagttcactctcaccatcagcagcctgcagtctgaggattttgcagtttattactgt 

5 cagcagtatgataagtggcctgagacgttcggccaggggaccaaggtggacatcaagcgaactgtggctgcaccatctgtcttcatc 
ttcccgccatctgatgagcagttgaaatctgga actgcctctgttgtgtgcctgctgaataacttctatcccag agaggccaaagtaca 
gtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcaccacagctc 
agcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgc 

ccgtcacaaagagcttcaacaggggagagtgt 

10 In all of the above-discussed 44 clones, the encoded antibodies include the same constant 
IgG heavy chain, which has the following amino acid sequence (SEQ ID NO: 178): 

SASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVV 
TVPSSSLGTQTYICNVNH KPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPE 
VTCVVVDVSHEDPEVKFNWYVDGVEVH NAKTKPREEQYNSTYRVVSVLTVLHQD WLNGKEYKCKVSN K 

15 ALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKUrPPV 

LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVM HEALH NHYTQKSLSLSPGK 

The genomic sequence encoding this heavy chain has the following nucleic acid sequence 
(SEQ ID NO: 177): 

caatcctcaaaactctactccctcagcagcgtggtppccptpccctccapcagcttgpocacccagacctacatct-ocaacptgaatc 
acaagcccagcaacaccaaggtggacaaclagagttaqgtgagaggccagcacagggagggagggtgtctgctggaagccaggct 

cagcgctcctgcctggacgcatcccggctatgcagtcccagtccagggcagcaaggcaggccccgtctgccccacccggaggcc 
tctgcccgccccactcatgctcagggagagggtcttctggctttttccccagg ctctgggcaggcacaggctaggtgcccctaaccca 

25 ggccctgcacacaaaggggcaggtgctgggctcagacctgccaagagccatatccgggaggaccctgcccctgacctaagcccac 

cccaaaggccaaactctccactccctcagctcggacaccttctctcctcccagattccagtaactcccaatcttctctctgcag~~ 
aatcttgtgacaaaactcacacatgcccaccatgcccagtaagccagcccaggcctcgccctccagctcaaggcgggacaggtgc 
cctagagtagcctgcatccagggacaggccccagccgggtgctgacacgtccacctccatctcttcctcagcacctgaatcpp 

aoaccgtcaatcttcctcttccccccaaaacap or-a-quca-ccctcatpatctcccppacccctgapptcacatgplcptgpptpatqaCc 
30 toacaaaccctgagoatcaapttcaactpatacaaaactpotctapcaaaacaopo 

aacagtacaacaaaaacttacaactactcoacpatatatoaoatcatcp 
atctccaacaaaagccctcccaocccccatcgagaaaaccatctc aaaAccagtgggacccgtggggtgcgagggccacatg 
gacagaggccggctcggcccaccctctgccctgagagtgaccgctgtaccaacctctgtccctaca gaaccc accc 

35 acatacctaaataaaaoaatocjpcaaccoqapaacactacpaagcacoccgtcccptocatccgacggctcct 

caccctacacgaca-aa-acctctccctgtccccgotaaata
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In this sequence exons are indicated by double underlining. Furhter, the initial Ser-encoding 
nucleotides agt (bold underline) are created as a consequence of the introduction into the 
XhoI digested expression vector of an XhoI digested PCR product encoding the variable heavy 
chain site in the IgG expression vector.  

5 The above-discussed VH and VL coding pairs were selected according to the binding specificity 
to various antigens and peptides in ELISA and/or FLISA, epitope mapping, antigen diversity, 
and sequence diversity. The selected cognate V-gene pairs were subjected to clone repair 
(Example 1, Section f) if errors were identified. The individual expression constructs were co
transfected with a Flp-recombinase expressing plasmid into the CHO-FpIn recipient cell line 

10 (Invitrogen), followed by antibiotic selection of integrants. The transfections, selection, and 
adaptation to serum free culture was performed as described in Example 1, section g-1 and 
g-2.  

The stably transfected, serum free suspension culture adapted individual expression cell lines 
were cryopreserved in multiple ampoules, to generate a cell bank of individual antibody 

15 producing cell lines.  

EXAMPLE 3 

In vitro neutralization experiments have been performed both with single antibody clones and 
with combinations of purified antibodies. All the antibody mixtures described below are 
constituted of a number of individual anti-RSV antibodies of the present invention, which 

20 were combined into a mixture using equal amounts of the different antibodies.  

Testing of single antibodies 

Initially, the neutralizing activity of each antibody was determined in the PRNT in the 
presence of complement against RSV subtype A and B strains as described above in Example 
1, section j-2. The EC5a values of a number of the purified antibodies are shown in Table 7.  

25 Interestingly, while most anti-F antibodies individually exhibited virus neutralizing activity, no 
EC5o values could be determined for the majority of the anti-RSV protein G antibodies, 
indicating that these antibodies are not capable of neutralizing the vireo individually. Blank 
fields indicate that the analysis has not been performed yet. ND indicates that an ECSO value 
could not be determined in the PRNT due to a very low or lacking neutralizing activity.  

30 Table 7: EC50 values of purified anti-RSV protein F and protein G antibodies against RSV subtype 
A and B.  

ECs, value (pg/ml) 
Clone Antigen-specificity 

Subtype A Subtype B 
793 G 2.52 
800 F 0.15 0.16
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ECso value (pg/ml) 

810 F 0.06 0.14 
816 G ND 
818 F 1.86 0.21 
819 F 0.18 
824 F 0.03 0.02 
825 F 0.12 0.04 
827 F 0.16 0.10 
831 F 0.08 1.66 
853 G 1.49 
855 G 6.35 ND 
856 G ND 
858 F ND 
868 G ND 
880 F 0.38 0.40 
888 G 0.14 
894 F 0.08 0.07 

Mixtures of anti-F antibodies 

The ability of mixtures of anti-RSV protein F antibodies to neutralize RSV strains of subtype A 
and B was compared with the neutralizing effect obtained using Palivizumab (also an anti-F 

5 antibody). The neutralization capability was assessed using the microneutralization test or 
the PRNT as described in Example 1, Section j. In an initial experiment two antibody 
mixtures, anti-F(I) and anti-F(II), containing five and eleven distinct anti-F antibodies, 
respectively were compared against Palivizumab using the microneutralizating test. Anti-F(I) 
is composed of antibodies obtained from clones 810, 818, 819, 825 and 827. Antibodies 810 

10 and 819 bind to antigenic site A/II, antibody 818 to site B/I or F1, antibody 825 binds to a 
complex epitope overlapping with sites A and C and antibody 827 binds to another complex 
epitope (see Table 5). Anti-F(II) is composed of antibodies obtained from clones 735, 800, 
810, 818, 819, 825, 827, 863, 880, 884 and 894. Anti-F(II) contains multiple binders to 
some of the defined antigenic sites: antibodies 810, 819 and 863 binds A/II, antibodies 800 

15 and 818 binds F1 (or B/I), antibodies 827 and 825 to the complex epitopes described above, 
antibodies 735 and 894 belong to unknown cluster (UC)I, antibody 880 to UCII, and 884 
binds to another currently unknown epitope (see Table 5). As shown in Figure 5, both 
composition Anti-F(I) and F(II) are more potent than Palivizumab with respect to 
neutralization of RSV strains of both subtypes.  

20 Figure 5 also shows that the combination of five antibodies (anti-F(I)) appears to be more 
potent than the combination of eleven antibodies (Anti-F(II)). The anti-F(I) mixture contains 
some of the most potent individually neutralizing antibodies of the different epitope 
specificities that have been defined so far. The anti-F(II) mixture contains the same five 
highly potent antibodies, but it also contains additional binders to some of the defined 

25 epitopes and the included antibodies also display a wider range of neutralizing activity on
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their own. It is thus possible that the activity of the highly potent antibodies becomes diluted 
in the anti-F(II) combination due to competition for binding to the neutralizing epitopes on 
the F protein. However, since there potentially are other effects than the neutralizing effect 
associated with each individual antibody, e.g. increased phagocytosis, increased antibody

5 dependent cellular cytotoxicity (ADCC), anti-inflammatory effects, complement activation, 
and a decreased likelihood of generating escape mutants, when considered in vivo, this result 
should not be taken as an indication that a mixture of five is better than a mixture of eleven 
antibodies when used in vivo.  

Both the in vitro assays and the combinations of clones have been refined since this initial 
10 experiment and a number of combinations of F-specific antibody clones that are highly potent 

in the presence of complement have been identified. The neutralizing potencies, expressed as 
EC50 values (effective concentrations required to induce a 50 % reduction in the number of 
plaques), of additional anti-F antibody compositions are listed in Table 8. Irrespective of the 
exact number of clones in the compositions, the majority of the tested combinations of F

15 specific antibodies are more potent than Palivizumab with respect to neutralization of RSV 
strain subtype A.  

Mixtures of anti-G antibodies 

The ability of mixtures of anti-G antibodies to neutralize RSV strains of subtype A was tested 
using the PRNT as described in Example 1, section j-2. The EC50 values from the tested anti

20 G antibody compositions are listed in Table 8. Most of the compositions of two anti-G 
antibodies did not exhibit a markedly increased ability to neutralize virus compared to the 
individual anti-G antibodies. Some combinations of two or three anti-G antibodies never 
reached 100% neutralization of the virus, irrespective of the concentration. However, when 
additional anti-G antibodies were added to the composition the potency increased, possibly 

25 indicating a synergistic neutralizing effect between the anti-G antibodies. Fig. 7 shows an 
example of the increase in potency when combining multiple G-specific clones.  

Mixtures of anti-F and anti-G antibodies 

The ability of mixtures of anti-RSV protein F and protein G antibodies to neutralize RSV 
subtype B strain was compared with the neutralizing effect obtained using Palivizumab. The 

30 neutralization capability was assessed using either the microneutralization fusion inhibition 
assay as described in Example 1, Section j-4 or the plaque reduction neutralization assay 
(Example 1, section j-2).  

Initially, the neutralizing activity of two antibody mixtures, anti-F(I)G and anti-F(II)G, was 
measured in the microneutralization fusion inhibition assay. Each of these mixtures contains 

35 the anti-F antibodies of composition anti-F(I) and anti-F(II) described above as well as anti-G 
antibodies obtained from clones 793, 796, 838, 841, 856 and 888, where antibodies 793,
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796, 838 bind to the conserved region of the G protein, 841, 856 binds to the GCRR of RSV 

subtype A and 888 binds to the GCRR of both subtypes (see Table 5). As shown in Figure 6, 

both composition Anti-F(I)G and F(II)G are more potent than Palivizumab with respect to 

neutralization of the RSV BI strain. Further, the neutralizing activity of the two mixtures is 

5 more or less equal. Thus, it seems that when the anti-F antibodies are combined with a 

number of protein G-specific clones, the potency difference previously observed between the 

two anti-F antibody mixtures is diminished. This may indicate a general increase in the 

neutralizing activity when antibodies that recognize a wide range of antigens and epitopes on 

RSV are combined.  

10 A large number of different combinations of both anti-F and anti-G antibodies have since then 

been tested in the PRNT in the presence or absence of complement. ECSo values obtained by 

this assay in the presence of active complement are presented in Table 8. All of the tested 

compositions including both anti-F and anti-G antibodies do neutralize RSV subtype A and the 

majority of these are more potent than Palivizumab.  

15 The results also show that antibodies with naturally high affinities could repeatedly be 

obtained from human donors using the antibody cloning technique of the present 

invention.  

Table 8: EC50values of combinations of anti-RSV antibodies against RSV subtype A and B. Blank 

fields indicate that the analysis has not been performed yet. ND indicates that an ECs0 value could 

20 not be determined in the PRNT due to a very low or lacking neutralizing activity.  

Composition Antibodies in composition value (pg/m) 
number Subtype A Subtype B 

1 810, 818, 819, 825, 827 0.19 0.38 

2 810, 818, 819, 825, 827, 831, 858, 863, 884, 0.34 
894, 793, 796, 816, 838, 853, 856, 859, 888 

3 810, 818, 825, 827, 884, 886, 793, 853, 868, 0.30 
888 

4 810, 818, 825, 827, 831, 858, 884, 886, 793, 0.19 
796, 816, 853, 856, 868, 888 

5 810, 818, 825, 827, 831, 858, 884, 886, 793, 0.21 
853, 868, 888 

6 810, 819, 825, 827, 831, 793, 853, 856, 858, 0.20 
868 

7 810, 811, 817, 819, 825, 827, 831, 838, 853, 0.18 
856, 858, 859, 863, 868 

8 800, 801, 811, 838, 853, 855, 859, 861, 880, ND 
894,736,795,796, 799 
810, 818, 825 0.14 0.29 

10 810, 818, 819, 825, 827, 884 0.21 0.42 
11 810, 818, 819, 825, 827, 884, 886 0.15 0.29 
12 793, 816, 853, 856 0.06 
13 793, 816, 853, 855, 856 0.03 
14 793, 868, 888, 853, 856 0.34
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Composition Antibodies in composition EC5O value (pg/ml) 
number Subtype A Subtype B 
15 793, 796, 818, 816, 838, 853, 855, 856, 859, 0.11 

868,888 
16 810, 818, 827 0.11 0.21 
17 810, 818, 825, 827, 858, 886 0.10 0.16 

18 810, 818, 825, 827, 858, 886, 793, 816, 853, 0.04 0.15 
855, 856 

19 818, 825, 827, 858, 886, 793, 816, 853, 855, 0.06 856 

20 810, 818, 819, 825, 827, 858, 793, 816, 853, 0.10 
855, 856 

21 810, 793, 816, 853, 855, 856 0.04 

22 818, 825, 827, 831, 858, 886, 793, 816, 853, 0.06 
855, 856 

23 818, 825, 827, 831, 858, 819, 793, 816, 853, 0.06 
855, 856 

24 818, 827, 831, 858, 819, 793, 816, 853, 855, 0.06 
856 

25 810, 818, 819, 824, 825, 827, 858, 793, 816, 0.07 853, 855, 856 

26 831, 818, 819, 824, 825, 827, 858, 793, 816, 0.08 853, 855, 856 

27 831, 818, 819, 824, 827, 858, 793, 816, 853, 0.05 
855, 856 

28 810, 818, 824 0.06 0.04 
29 810, 824 0.05 
30 818,824 0.04 
31 810,818 0.11 
32 824, 793, 816, 853, 855, 856 0.05 

33 810, 818, 819, 824, 825, 827, 858, 894, 793' 0.07 0.03 
816, 853, 855, 856 

34 810, 818, 819, 824, 825, 827, 894, 793, 816, O.07 
853,855, 856 

35 793, 816 5.94 
36 855,856 ND 
37 793,856 ND 
38 793, 853 2.35 
39 853,856 0.21 
40 793, 853, 856 2.84 
41 793, 816, 853 1.97 
42 853, 855, 856 0.25 
43 793, 816, 853, 856 0.45 
44 793, 853, 855 0.26 
45 793, 853, 855, 856 0.16 
46 816, 853, 855, 856 0.07 
47 816,856 0.06 
48 816, 853 0.75 

49 816, 853, 856 0.07 
50 810, 818, 824, 816 0.09 
51 810, 818, 824, 853 0.11 
52 810, 818, 824, 856 0.10
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Composition . .. EC5O value (pg/ml) 
number Antibodies in composition number Subtype A Subtype B 

53 810, 818, 824, 816, 853 0.09 
54 810, 818, 824, 816, 856 0.05 
55 810, 818, 824, 853, 856 0.08 
56 810, 818, 824, 816, 853, 856 0.05 0.03 

Palivizumab 0.14 

EXAMPLE 4 

Reduction of viral loads in the lungs of RSV-infected mice 

The in vivo protective capacity of combinations of purified antibodies of the invention against 
RSV infection has been demonstrated in the BALB/c mouse model (Taylor et al. 1984.  

5 Immunology 52, 137-142; Mejias, et al. 2005. Antimicrob. Agents Chemother. 49: 4700
4707) as described in Example 1, Section k-1. In Table 9, data from an experiment with 
three different anti-RSV rpAb consisting of equal amounts of different antibody clones of the 
invention (described in table 8) are presented in comparison with data from uninfected 
control animals and placebo (PBS) treated animals of the same experiment. Each treatment 

10 group contained 5 mice and the samples were obtained on day five post-infection, which is 
approximately at the peak of virus replication in this model. As shown in Table 9, the rpAb 
combinations effectively reduce the virus load by at least an order of magnitude when given 
prophylactically. Copy numbers are presented as means ± standard deviations. The copy 
number was at or below the limit of detection of this assay, i.e., 3.8 loglO RNA copies/ml, for 

15 two of the treatment groups..  

Table 9: Virus loads in the lungs of mice following prophylaxis and RSV challenge.  

Treatment group Virus load by RT-PCR New data (log 10 RNA copies/mi) 
Uninfected Negative 
PBS 5.14 ± 0.09 4.25 
Anti-RSV rpAb 18 (50 mg/kg) ND 
Anti-RSV rpAb 18 (5 mg/kg) 4.61 ± 0.22 3.64 
Anti-RSV rpAb 9 (50 mg/kg) Small F Hi ND 
Anti-RSV rpAb 9 (5 mg/kg) Small F Lo 4.74 ± 0.38 3.82 
Anti-RSV rpAb 17 (50 mg/kg) Large F Hi 4.41 ± 0.14 3.04 
Anti-RSV rpAb 17 (5 mg/kg) Large F Lo 4.69 ± 0.05 3.90 

Cytokine and chemokine levels in lung samples from RSV infected mice 

Lung samples from a pilot mouse prophylaxis study were analyzed by a commercial 
20 multiplexed immunoassay to determine the levels of different cytokines and chemokines
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following RSV infection and antibody prophylaxis with rpAb 18 (Table 8) as described in 

Example 1, Section k-1. Samples from uninfected and untreated animals were also analyzed 

to obtain normative data for the BALB/c mouse. All samples were obtained on day five post

infection._Data are presented as means ± standard deviations.  

5 The analysis showed that the levels of a number of cytokines and chemokines that have 

been indicated as important markers of RSV infection and the subsequent inflammatory 

response, both in humans and mice, including interferon (IFN)-y, interleukin (IL)-1p, IL-4, 

IL-6, IL-8 (KC/GROx), IL-10, macrophage inflammatory protein (MIP)-1a, Regulated upon 

activation of normal T cell expressed and secreted (RANTES, CCL5) and tumor necrosis 

10 factor (TNF)-a were increased in the lungs of the placebo-treated animals, whereas the 

lungs of the animals treated with approx. 50 mg/kg of rpAb had levels more or less on 

par with the uninfected control animals. Similar results were also obtained with other 

anti-RSV rpAb combinations. It should be noted that mice do not have a clear-cut 

homologue for IL-8, but they have a functional homologue for human GROa (similar function 

15 to IL-8) named KC.  

The kinetics of the inflammatory response and the dose-response effects of antibody 

prophylaxis remain to be investigated.  

Table 10: Levels of cytokines and chemokines in lung tissue from RSV infected mice 

Level in tissue Uninfected anti-RSV rpAb treated 
saplemi control mice Placebo treated mice mc (pg/ml) 

IL-1p 270±71 570±100 310±140 

IL-4 7.7±4.7 26±4.6 14±8.5 

IL-6 6.4±2.6 22±12 8.2±3.8 

IL-10 120±17 320±58 170±41 

IFN-y 20±7.6 420±88 81±72 

KC/GROa (IL-8) 51±38 290±83 94±99 

MIP-1a (CCL3) 39± 16 940±170 160±110 

RANTES (CCL5) 60±28 380±32 140±66 

TNF-a 18±6.1 95±10 38±25
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CLAIMS 

1. An anti-RSV recombinant polyclonal antibody capable of neutralizing RSV subtype A and 
B, and where said polyclonal antibody comprises distinct antibody members which in union 
specifically binds at least three different epitopes on at least one RSV envelope protein.  

2. The anti-RSV recombinant polyclonal antibody according to claim 1, where said polyclonal 
antibody comprises distinct antibody members which together provide specific reactivity 
against at least two RSV envelope proteins.  

3. The anti-RSV recombinant polyclonal antibody according to claim 1 or 2, wherein the RSV 
envelope proteins are selected from RSV G protein, RSV F protein and RSV SH protein.  

4. The anti-RSV recombinant polyclonal antibody according to any one of the claims 1 to 3, 
wherein the anti-envelope protein reactivity is anti-G and anti-F reactivity, and said reactivity 
is provided by at least two distinct anti-G antibodies and at least one distinct anti-F antibody.  

5. The anti-RSV recombinant polyclonal antibody according to claim 4, wherein the first 
anti-G antibody is capable of specifically binding a conserved epitope on the G-protein, and 
the second anti-G antibody is capable of specifically binding the G protein cysteine-rich region 
(GCRR), and the anti-F reactivity is directed against at least one of the antigenic sites I, II, 
IV, V, VI, C, or Fl.  

6. The anti-RSV recombinant polyclonal antibody according to claim 4 or 5, wherein at least 
a part of the anti-G reactivity is directed against the CX3C motif.  

7. The anti-RSV recombinant polyclonal antibody according to any one of claims 4 to 6, 
wherein the anti-G reactivity additionally is directed against at least one strain specific 
epitope.  

8. The anti-RSV recombinant polyclonal antibody according to any one of the claims 4 to 7, 
wherein the anti-F reactivity at least is directed against antigenic site II and antigenic site IV.  

9. The anti-RSV recombinant polyclonal antibody according to any one of the claims 1 to 8, 
wherein the anti-envelope protein reactivity is directed against, or in respect of claims 4 to 8, 
is additionally directed against the SH protein.  

10. The anti-RSV recombinant polyclonal antibody according to any one of the preceding 
claims, wherein the composition of distinct antibody members mirrors the humoral immune 
response in a donor with respect to diversity, affinity and specificity against RSV envelope 

antigens.  

11. The anti-RSV recombinant polyclonal antibody according to any one of the preceding 
claims, wherein the distinct antibodies are encoded by nucleic acid sequences obtained from 
one or more human donors who have raised a humoral immune response against RSV, and 
the polyclonal antibody is a fully human antibody.
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12. The anti-RSV recombinant polyclonal antibody according to claim 10 or 11, wherein the 

distinct antibody members are constituted of VH and VL pairs originally present in the 
donor(s).  

13. The anti-RSV recombinant polyclonal antibody according to any of the preceding claims, 

where each distinct member comprises CDR1, CDR2 and CDR3 regions selected from the 

group of the VH and VL pairs given in Table 5.  

14. A pharmaceutical composition comprising as an active ingredient, an anti-RSV 

recombinant polyclonal antibody according to any one of the claims 1 to 13 and a 

pharmaceutically acceptable excipient.  

15. A method of preventing, treating or ameliorating one or more symptoms associated with 

a RSV infection in a mammal, comprising administering an effective amount of an anti-RSV 

recombinant polyclonal antibody according to one of the claims 1 to 13 or a pharmaceutical 

composition according to claim 14 to said mammal.  

16. The method according to claim 15, wherein the effective amount is at most 100 mg of 

the antibody per kg of body weight, such as at most 90, at most 80, at most 70, at most 60, 
at most 50, at most 40, at most 30, at most 20, at most 10, at most 9, at most 8, at most 7, 
at most 6, at most 5, at most 4, at most 3, at most 2, at most 1, at most 0.9, at most 0.8, at 

most 0.7, at most 0.6, at most 0.5, at most 0.4, at most 0.3, at most 0.2 and at most 0.1.  
mg per kg of body weight.  

17. The method according to claim 15, wherein the effective amount is at least 0.01 mg of 

the antibody per kg of body weight, such as at least 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 
0.8, 

18. The method according to claim 15, wherein the effective amount is between 0.1-20 mg 

antibody per kg of body weight 

19. The method according to any one of claims 15-18, wherein the antibody is administered 

at least 1 time per year, such as 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 
19, and times per year.  

20. The method according to claim 19, wherein the antibody is administered at regular 

intervals during the period of the year where there is an increased risk of attracting an RSV 

infection.  

21. The method according to claim 20, wherein the regular intervals are weekly, bi-weekly, 
monthly, or bi-monthly.
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22. Use of an anti-RSV recombinant polyclonal antibody according to any one of the claims 1 

to 13 or a pharmaceutical composition according to claim 14 for the preparation of a 

composition for the treatment amelioration or prevention of one or more symptoms 

associated with a RSV infection in a mammal.  

23. A method for generating a repertoire of VH and VL coding pairs, where the members 

mirror the gene pairs responsible for the humoral immune response resulting from a RSV 

infection, comprising: 

a. providing a lymphocyte-containing cell fraction from an RSV infected donor or from a 

donor recovering from an RSV infection; 
b. optionally enriching B cells or plasma cells from said cell fraction; 

c. obtaining a population of isolated single cells, comprising distributing cells from said 

cell fraction individually into a plurality of vessels; and 

d. amplifying and effecting linkage of the VH and VL coding pairs, in a multiplex overlap 

extension RT-PCR procedure, using a template derived from said isolated single cells; 

e. optionally performing a nested PCR of the linked VH and VL coding pairs.  

24. A polyclonal cell line capable of expressing a recombinant polyclonal anti-RSV antibody 

according to any one of the claims 1 to 13.  

25. A polyclonal cell line wherein each individual cell is capable of expressing a single VH and 

VL coding pair and the polyclonal cell line as a whole is capable of expressing a collection of 

VH and VL coding pairs, where each VH and VL coding pair encode an anti-RSV antibody.  

26. The polyclonal cell line according to claim 25, wherein said collection of VH and VL coding 

pairs are generated according to the method of claim 23.  

27. An isolated human anti RSV-antibody molecule selected from the antibody molecules set 

forth in Table 5 herein, or a specifically binding fragment of said antibody molecule or a 

synthetic or semi-synthetic antibody analogue, said binding fragment or analogue comprising 

at least the complementarity-determining regions (CDRs) of said isolated antibody molecule.  

28. The antibody molecule, fragment or analogue according to claim 27, which is derived 

from the antibodies listed in Table 8, or which includes the heavy chain CDR amino acid 

sequences included in one of SEQ ID Nos: 1-44 and in the accompanying light chain CDR 

amino acid sequences having a SEQ ID NO which is 88 higher than the amino acid sequence 

selected from SEQ ID NOs. 144.  

29. An isolated antibody molecule, an antibody fragment or a synthetic or semi-synthetic 

antibody analogue, which comprises CDRs identical to the CDRs in an Fab derived from a 

human antibody, said Fab having a dissociation constant, KD, for the RSV G protein of at 

most 500 nM when measured performing surface plasmon resonance analysis on a Biacore
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3000, using recombinant RSV G protein immobilized onto the sensor surface at very low 

density to avoid limitations in mass transport.  

30. The isolated antibody molecule, antibody fragment or synthetic or semi-synthetic 

antibody according to claim 29, wherein the KD is at most, 400 nM, such as at most 300 nM, 

at most 200 nM, at most 100 nM, at most 1 nM, at most 900 pM, at most 800 pM, at most 

700, pM, at most 600 pM, at most 500 pM, at most 400 pM, at most 300 pM, at most 200 

pM, at most 100 pM, at most 90 pM, and at most 80 pM.  

31. An isolated antibody molecule, an antibody fragment or a synthetic or semi-synthetic 

antibody, which comprises an antigen binding site identical to the antigen binding site in an 

Fab derived from a human antibody, said Fab having a dissociation constant, KD, for the RSV 

F protein of at most 500 nM when measured performing surface plasmon resonance analysis 

on a Biacore 3000, using recombinant RSV F protein immobilized onto the sensor surface at 

very low density to avoid limitations in mass transport.  

32. The isolated antibody, antibody fragment or synthetic or semi-synthetic antibody 

according to claim 31, wherein the KD is at most, 400 nM, such as at most 300 nM, at most 

200 nM, at most 100 nM, at most 1 nM, at most 900 pM, at most 800 pM, at most 700, pM, 

at most 600 pM, at most 500 pM, at most 400 pM, at most 300 pM, at most 200 pM, at most 

100 pM, at most 90 pM, at most 80 pM, at most 70 pM, at most 60 pM, at most 50 pM, at 

most 40 pM, at most 30 pM, at most 25 pM at most 20 pM, at most 15 pM, at most 10 pM, at 

most 9 pM, at most 8 pM, at most 7 pM, at most 6 pM, and at most 5 pM.  

33. The antibody molecule or specifically binding fragment or synthetic or semi-synthetic 

antibody analogue according to any one of claims 27-32, which comprises the CDRs of a 

human antibody produced in clone No. 810, 818, 819, 824, 825, 827, 858 or 894.  

34. An antibody composition comprising an antibody molecule, specifically binding fragment 

or synthetic or semi-synthetic antibody analogue according to any one of claims 27-33 in 

admixture with a pharmaceutically acceptable carrier, excipient, vehicle or diluent.  

35. The composition according to claim 34, which comprises 2 distinct antibody molecules 

and/or specifically binding fragments and/or synthetic or semi-synthetic antibody analogues 

according to any one of claims 27-33.  

36. The composition according to claim 34, which comprises at least 3 distinct antibody 

molecules and/or antibody fragments and/or synthetic or semisynthetic antibody analogues, 

specifically binding fragments or synthetic or semi-synthetic antibody analogues according to 

any one of claims 27-33, such as a composition comprising at 4, 5, 6, 7, 9, 10, 11, 12, 13, 

15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 distinct antibody molecules 

and/or fragments and/or synthetic or semi-synthetic antibody analogues.
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37. The composition according to any one of claim 34-36, which includes at least one 

antibody molecule, fragment or analogue which binds the RSV F protein and which includes 

at least one antibody, fragment or analogue which binds the RSV G protein.  

38. An isolated nucleic acid fragment which encodes the amino acid sequence of at least one 

CDR defined in any one of claims 27-33.  

39. The isolated nucleic acid fragment, which at least encodes the CDRs of an antibody 

produced by one of the clones listed in table 5.  

40. An isolated nucleic acid fragment, which encodes the CDR sequences of a heavy chain 

amino acid sequence set forth in any one of SEQ ID NOs 1-44.  

41. An isolated nucleic acid fragment, which encodes the CDR sequences of a light chain 

amino acid sequence set forth in any one of SEQ ID NOs 89-132.  

42. An isolated nucleic acid fragment, which encodes the CDR sequences of a heavy chain 

amino acid sequence set forth in any one of SEQ ID NOs 1-44 and in the accompanying light 

chain CDR amino acid sequences having a SEQ ID NO which is 88 higher than the amino acid 

sequence selected from SEQ ID NOs. 144.  

43. The nucleic acid fragment according to any one of claims 38-42, which includes coding 

sequences comprised in SEQ ID NOs: 45-88 and/or 133-176.  

44. A vector, comprising the nucleic acid fragment according to any one of 38-43.  

45. The vector according to claim 44 being capable of autonomous replication.  

46. The vector according to claim 44 or 45 being selected from the group consisting of a 

plasmid, a phage, a cosmid, a mini-chromosome, and a virus.  

47. The vector according to any one of claims 44-46, comprising, 

- in the 5'-+3' direction and in operable linkage at least one promoter for driving expression 

of a first nucleic acid fragment according to any one of claims 38-43, which encodes at least 

one light chain CDR together with necessary framework regions, optionally a nucleic acid 

sequence encoding a leader peptide, said first nucleic acid fragment, optionally a nucleic acid 

sequence encoding constant regions, and optionally a nucleic acid sequence encoding a first 

terminator, and/or 

- in the 5'->3' direction and in operable linkage at least one promoter for driving expression 

of a second nucleic acid fragment according to any one of claims 38-43, which encodes at 

least one heavy chain CDR together with necessary framework regions, optionally a nucleic 

acid sequence encoding a leader peptide, said second nucleic acid fragment, optionally a 

nucleic acid sequence encoding constant regions, and optionally a nucleic acid sequence 

encoding a second terminator.
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48. The vector according to any one of claims 44-47 which, when introduced into a host cell, 
is integrated in the host cell genome.  

49. A transformed cell carrying the vector of any one of claims 44-48.  

50. A stable cell line which carries the vector according to any one of claims 44-48 and which 
expresses the nucleic acid fragment according to any one of claims 38-43, and which 
optionally secretes or carries its recombinant expression product on its surface.
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